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Abstract: A comprehensive heat and mass transfer model of dissolution process of non-agglomerated and agglomerated alumina 
particles was established in an aluminum reduction cell. An appropriate finite difference method was used to calculate the size 
dissolution rate, dissolution time and mass of alumina dissolved employing commercial software and custom algorithm based on the 
shrinking sphere assumption. The effects of some convection and thermal condition parameters on the dissolution process were 
studied. The calculated results show that the decrease of alumina content or the increase of alumina diffusion coefficient is beneficial 
for the increase of size dissolution rate and the decrease of dissolution time of non-agglomerated particles. The increase of bath 
superheat or alumina preheating temperature results in the increase of size dissolution rate and the decrease of dissolution time of 
agglomerated particles. The calculated dissolution curve of alumina (mass fraction of alumina dissolved) for a 300 kA aluminum 
reduction cell is in well accordance with the experimental results. The analysis shows that the dissolution process of alumina can be 
divided into two distinct stages: the fast dissolution stage of non-agglomerated particles and the slow dissolution stage of 
agglomerated particles, with the dissolution time in the order of 10 and 100 s, respectively. The agglomerated particles were 
identified to be the most important factor limiting the dissolution process. 
Key words: aluminum reduction cell; alumina particles; dissolution process; heat and mass transfer; finite difference method 
                                                                                                             
 
 
1 Introduction 
 

When the alumina is added into a limited zone of 
molten cryolite bath with modern point feeding 
technology, it starts to dissolve. The carbon dioxide and 
liquid molten aluminum are produced by using carbon 
electrodes because of electrochemical reactions [1]. The 
effective dissolution of alumina in the cryolite bath is a 
decisive factor for the stable operation and design of 
aluminum reduction cells. The part of alumina 
undissolved in charging forms muck, bottom sludge or 
crust (essentially solidified sludge) that can affect the 
velocity profile and the current distribution in liquid 
molten aluminum and decrease the current efficiency. It 
is one of the key issues for an advanced aluminium 
electrolytic process to identify the dissolution 
mechanism of alumina and improve the dissolution rate 
of alumina [2,3]. 

Alumina dissolution in cryolite bath is a very 
complex phenomenon, in which the bath flow conditions, 

bath chemical composition, bath temperature, alumina 
temperature, alumina properties, feeding method, etc., 
play an important role. Many previous high temperature 
electrolysis experiments of alumina dissolution were 
conducted and some significant progress had been  
made [4−7]. It was difficult to discern the reasonable and 
credible reaction mechanism for the dissolution process 
of alumina. WELCH and KUSCHEL [8] studied crust 
and alumina powder dissolution in aluminum smelting 
electrolytes. HAVERKAMP and WELCH [9] used 
modified fast linear sweep voltammetry to investigate the 
dissolution mechanism of alumina and several models 
were formulated. BEREZIN et al [10] proposed an 
alumina dissolution model to study variations of process 
variables on the formation and dissolution process of 
alumina agglomerates in “Virtual Cell” program. POI  
et al [11] thought that heat transfer control was the 
determining factor for alumina dissolution. Some other 
studies of alumina dissolution in the laboratory under 
conditions similar to those encountered in real cells by 
KUSCHEL and WELCH [12], LILLEBUEN et al [13], 
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VASYUNINA et al [14] and LIU et al [15] had 
highlighted that both the rate of heat and mass transfer 
may have important effects on the dissolution rate of 
alumina. Nevertheless, most literatures about electrolysis 
experiments of alumina dissolution required strict 
premises and certain circumstances, which would affect 
its forecast accuracy and suitability of application, 
especially for modern large industrial cells. 

In recent years, the computational fluid dynamics 
(CFD) method had been used to investigate the 
dissolution behaviors of alumina and it was assumed that 
the dissolution process was instantaneous when the 
alumina reached the bath surface [16−19]. However, 
these studies ignored the key fact that the dissolution 
process of alumina was complex and very slow, which 
was related with many factors, as mentioned previously. 
THOMAS [20] used custom programming algorithm to 
model the dissolution process of alumina in the 
electrolytic bath, but some other issues, such as the 
formation and dissolution process of alumina 
agglomerates and the influences of some operation 
parameters were not addressed. 

The present work aims to establish a comprehensive 
heat and mass transfer mathematical model and propose 
an appropriate finite difference method to solve the 
dissolution process of alumina particles (non- 
agglomerated and agglomerated particles) employing 
commercial software and custom algorithm. Based on 
the above model, the relationships among alumina 
content, alumina diffusion coefficient, bath superheat, 
alumina preheating temperature and the dissolution 
process of alumina were studied, and some suitable 
dissolution kinetics parameters of alumina were 
suggested. Besides, the model and the solving methods 
were used to solve the dissolution process of alumina in 
a 300 kA aluminum reduction cell. These solutions can 
provide a new type of custom control algorithms for the 
quantitative determination of the heat and mass transfer 
conditions for the alumina dissolution and serve as a 
reference for the design and optimization of the alumina 
point feeding technology. 
 
2 Dissolution mechanism and models of 

alumina 
 
2.1 Dissolution mechanism of alumina 

The alumina dissolution in cryolite bath can be 
described as a coupled heat and mass transfer process. 
The alumina powder can be treated as monodisperse 
smooth spheres each with an initial diameter. In practice, 
the overall dissolution rate of the added powder will be 
the result of the individual rates of a number of alumina 
particle sizes. Actually, the particle sizes will range from 
single grains to aggregates. On one hand, some of the 

alumina particles may stay in single dispersed states 
during the dissolution process, which can be described as 
non-agglomerated particles. The sizes of non- 
agglomerated particles change very little, just in the 
normal range of 20−200 μm [1,9,21]. On the other hand, 
many aspects such as the initial addition of alumina, the 
phase of alumina, the temperature of the “cold” alumina, 
the bath superheat will be involved while the alumina is 
added into the bath. Therefore, some alumina particles 
can be penetrated by solidified bath and do not disperse 
in a short time, which can be described as agglomerated 
particles. The sizes of agglomerated particles are 
influenced by parameters such as anode gas induced 
turbulence, alumina preheating temperature, bath 
superheat and batch sizes of addition of alumina. 

Non-agglomerated particles can dissolve fast if the 
molten bath contains high alumina contents and the 
relative contact area to volume ratio is high. The 
dissolution rate of non-agglomerated particles is 
obviously controlled by mass transfer. The formation of 
such agglomerated particles strongly reduces the relative 
contact area to volume ratio compared with the case if all 
the alumina grains are dispersed in the state of 
non-agglomerated particles. The dissolution rate of 
agglomerated particles is limited by heat transfer because 
of its highly endothermic characteristic and large energy 
demand on the bath which is therefore proportional to the 
dissolution rate. 

Using the grain size testing instrument from 
Zhengzhou Research Institute of Aluminum Corporation 
of China Limited, the initial mass distribution of 
non-agglomerated particles with respect to the particle 
diameter was determined as shown in Table 1. As 
previously explained, it is very difficult to determine the 
mass distribution of agglomerated particles due to many 
complicated factors. So far, no such experiment has been 
reported. For simplification of analysis in this work, the 
sizes of agglomerated particles were assumed to certain 
size range, without considering the details of their 
formation. The agglomerated particles retrieved from the 
bath were 10 to 50 mm in diameter with a height of 10 to 
20 mm [22−24]. In this study, the maximum size of 
agglomerated particles is defined as 15 mm with sphere 
diameter for an overall consideration. TAYLOR et al [25] 
specified that the behavior of agglomerated particles with 
a diameter of smaller than 400 μm was governed by mass 
transfer. Therefore, the minimum size of agglomerated 
particles is set to be 500 μm. Besides, it is assumed that 
the entire size range of agglomerated particles is divided 
into nine size groups, which are 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 
10.0, 12.0 and 15.0 mm, respectively. 

 
2.2 Mass transfer model 

Equations concerning forced convection mass 
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Table 1 Initial mass distributions of non-agglomerated particles 

Non-agglomerated particle size/μm Mass fraction/% 

40 5.2 

60 18.5 

80 29.3 

100 15.9 

120 12.5 

140 9.8 

160 5.1 

180 2.3 

200 1.4 

 
transfer between fluid and a solid body are usually given 
as a correlation among the dimensionless Sherwood, 
Reynolds and Schmidt numbers. For a sphere, the 
following equation is described by relation in Ref. [26], 
and can be applied to the free falling non-agglomerated 
particles in the bath. 

 
1 2 1 3
S2.0 0.6Sh Re Sc= +                         (1) 

 
where Sh is the Sherwood number calculated by 
Sh=kdSD−1; ReS is the Reynolds number calculated by 
ReS=ρBuSdSμB

−1; Sc is the Schmidt number calculated by 
Sc=μBρB

−1D−1; k is the mass transfer coefficient; dS is the 
non-agglomerated particle diameter; D is the alumina 
diffusion coefficient; ρB is the density of the bath; μB is 
the dynamic viscosity of the bath; the subscript S 
identifies the non-agglomerated particle. 

The terminal free settling velocity of a 
non-agglomerated particle uS is in low speed laminar 
flow area with the Reynolds number ReS in the range of 
3.39−16.97 for uS being about 0.1 m/s, as shown in Table 
2. The latter can be calculated according to the Stokes’ 
Law [22,26]: 

 
( ) 2

S B S
S

B18
g d

u
ρ ρ

μ
−

=                           (2) 

 
where g is the acceleration of gravity; ρS is the density of 
non-agglomerated particles. 

The mass transfer rate of single non-agglomerated 
particle from the surface to the bulk of the bath is 

 

( ) 2S
B sat S

d
π

d
m

k c c d
t

ρ= −                        (3) 

 
where csat and c are the saturation alumina content and 
alumina content, respectively. 

The size dissolution rate of non-agglomerated 
particles based on diameter is defined as  

( ) ( )S B sat
S

S

d 2
( )

d
d k c c

G d
t

ρ
ρ

−
= = −                (4) 

where G(dS) is the size dissolution rate of single 
non-agglomerated particle. 
 
2.3 Heat transfer model 

The relationship widely used between the local 
Nusselt and the local Reynolds number for the free 
settling of solid particles in liquid flow can be calculated 
by [26] 

 
1 2 1 3
L2.0 0.6Nu Re Pr= +                        (5) 

 
where Nu is the Nusselt number calculated by 
Sh=hdLλB

−1; ReL is the Reynolds number calculated by 
ReL=ρBuLdLμB

−1; Pr is the Prandtl number calculated by 
Sc=cBμBλB

−1; h is the convection coefficient; dL is the 
agglomerated particle diameter; λB is the thermal 
conductivity of the bath; cB is bath specific heat capacity. 

The terminal free settling velocity of an 
agglomerated particle uL in high turbulence flow area 
with the Reynolds number ReL is between 84.86 and 
2545.81 for uL being about 0.2 m/s, as shown in Table 2. 
Calculation was performed according to the Stokes’  
Law [22,26]: 

 
( )L L B

L
B

1.74
d g

u
ρ ρ
ρ

−
=                      (6) 

 
where ρL is the density of the agglomerated particles. 

The mass transfer rate of single agglomerated 
particle from the surface to the bulk of the bath can be 
written as 

 

( )
2

L L

alu B alu diss

d π
d
m h d
t c H

θ
θ θ

Δ
=

− + Δ
                  (7) 

 
where mL is the mass transfer of agglomerated particles; 
∆θ is the bath superheat calculated by ∆θ=θB−θliq; θB and 
θliq are the bath and liquidus temperatures, respectively; 
calu is the specific heat capacity of alumina; ∆Hdiss is 
 
Table 2 Reynolds number for different non-agglomerated and 
agglomerated particles 

Non-agglomerated 
particle size/μm 

Reynolds 
number 

Agglomerated 
particle size/mm

Reynolds 
number

40 3.39 0.5 84.86 

60 5.09 1.0 169.72

80 6.79 2.0 339.44

100 8.49 4.0 678.88

120 10.18 6.0 1018.32

140 11.89 8.0 1357.76

160 13.58 10.0 1697.26

180 15.27 12.0 2036.64

200 16.97 15.0 2545.81
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the enthalpy change for the dissolution plus the phase 
change. 

The size dissolution rate of agglomerated particles 
based on diameter is defined as 

 
( ) ( )

( )( )
B liqL

L
L,bulk alu B alu diss

2d
( )

d

hd
G d

t c H

θ θ

ρ θ θ

−
= = −

− + Δ
 (8) 

 
where ρL,bulk is the bulk density of the agglomerated 
particle; G(dL) is the size dissolution rate of single 
agglomerated particle. 
 
2.4 Finite difference numerical solution for 

dissolution process of alumina 
The number of different sizes of non-agglomerated 

and agglomerated particles can be determined when the 
initial mass size distribution of alumina and the batch of 
alumina are known. Therefore, the relationship between 
the number of alumina particle size per unit volume n(d), 
the size dissolution rate of single particles G(d) and the 
total mass transfer ∑m in the domain of the bath Ω can 
be calculated as 

 

( ) ( ) ( ) 2
  0

π d d
2

m G d n d d d
Ω

ρ
∞

∑ = Ω∫ ∫            (9) 
 
Thus, the total mass of the alumina particle 

decreases during the dissolution process. 
The mass fraction of non-agglomerated particles P 

can be expressed as [10] 
 

P=−3.52ts+58.14                            (10)  
where ts is the complete dissolution time, which is 
assumed to be 6 min [1,2,9,27]. 

In this study, a finite difference method employing 
commercial software and custom algorithm based on 
shrinking sphere assumption was applied to solving   
Eq. (9) in the length-based form by considering a 
dissolution (negative growth) process of alumina 
particles. Figure 1 shows a sketch of the alumina particle 
grid. The entire size range of particle is discretized into N 
small intervals, and the interval between two sizes di and 
di+1 is called particle characteristic size ∆di. Every 
particle size di corresponds to a number density of 

particle n(di) and a size dissolution rate of particle G(di). 
Furthermore, an average size dissolution rate G(d)ave for 
∆di can be determined by homogenizing size dissolution 
rates of its adjacent pivot sizes. So, the mass of alumina 
particles dissolved ∆mi and its corresponding time ∆ti 
from size di+1 to di of particle size during dissolution 
process can be calculated as 

 

( )
( )1

1 1ave

2
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( ) ( ) ( ) ( )
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i i i i
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1, 2, ,i N= L                           (11) 
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( )3 3
1i id d+ −                             (12) 

 
All the analyses of the finite difference numerical 

solutions described above are suitable to both the 
dissolution process of the non-agglomerated and 
agglomerated particles, respectively. Because n(di), G(di), 
∆ti and ∆mi can be solved dynamically, so all the 
cumulative masses of alumina particles dissolved will be 
attained naturally. The important thermodynamic and 
physical parameters used in the models are given in 
Table 3. 
 
3 Results and discussion 
 

The main factors that control the dissolution  
process of alumina include alumina content in the bath, 
alumina diffusion coefficient in the area within the  
point feeding zone, bath superheat and alumina 
preheating temperature. Alumina content and alumina 
diffusion coefficient that are related to bath convection, 
mainly affect the dissolution process of non- 
agglomerated particles. Bath superheat and alumina 
preheating temperature that are connected to thermal 
conditions, mainly affect the dissolution process of 
agglomerated particles. The combination of these four 
factors determines the overall dissolution process of 
alumina. 

 

 
 
Fig. 1 Sketch of alumina particle grid 
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Table 3 Thermodynamic and physical parameters of models 

Parameter Value Parameter Value 

ρB/(kg·m–3) 2130 λB/(W·m–1·K–1) 1.69 

ρS/(kg·m–3) 4000 cB/(J·kg–1·K–1) 1660 

ρL/(kg·m–3) 2250 calu/(J·kg–1·K–1) 1127 

ρL,bulk/(kg·m–3) 1000 θliq/°C 950 

μB/(kg·m–1·s–1) 2.51×10−3 ∆Hdiss/(J·kg–1) 1.74×106

csat/% 8 ∑m/kg 7.2 

 
3.1 Single parameter effect analysis 
3.1.1 Effect of alumina content on dissolution process of 

non-agglomerated particles 
The effect of the alumina content on the dissolution 

process of non-agglomerated particles was investigated 
at alumina content of 2%, 3%, 4% and 5%, respectively. 
In all four variants, a alumina diffusion coefficient of 
1.5×10−9 m2/s was fixed [3]. Figure 2 indicates that the 
size dissolution rate of non-agglomerated particles 
decreases with the increase of the alumina content, while 
dissolution time increases. This is because high alumina 
content can block the mass transfer from non- 
agglomerated particles to the bath, which is not 
beneficial for dissolution process. Under the same 
 

 
Fig. 2 Effect of alumina content on dissolution process of non- 
agglomerated particles (D=1.5×10−9 m2/s): (a) Size dissolution 
rate; (b) Dissolution time 

alumina content, the size dissolution rate of single 
non-agglomerated particle firstly decreases and then 
increases slowly with the increase of non-agglomerated 
particle size. When the non-agglomerated particle size is 
larger than 100 μm, its size dissolution rate changes little 
with the particle size. All the size dissolution rates are of 
the same order of magnitude, with the value from 
4.0×10−6 to 9.0×10−6 m/s (Fig. 2(a)). The dissolution time 
of all the non-agglomerated particles increases 
approximately linearly on the whole with the increase of 
non-agglomerated particle size (Fig. 2(b)). Considering 
for the previously mentioned alumina content between 
2% and 5%, the dissolution time is approximately 
between 25 and 45 s, which is in well accordance with 
the values of experiments in Refs. [7,15]. 
3.1.2 Effect of alumina diffusion coefficient on 

dissolution process of non-agglomerated particles 
The effect of the alumina diffusion coefficient (D) 

on the dissolution process of non-agglomerated particles 
was investigated at alumina diffusion coefficients of 
1.5×10−9, 5.0×10−9, 1.0×10−8 and 5.0×10−8 m2/s, 
respectively. In this analysis, the alumina content was set 
to be 3%. The results are shown in Fig. 3. With the 
increase of alumina diffusion coefficient, the size 
dissolution rate of non-agglomerated particles increases, 
and dissolution time decreases. The size dissolution rate 
of non-agglomerated particles increases nearly 30 times, 
when D increases from 1.5×10−9 to 5.0×10−8 m2/s    
(Fig. 3(a)). It is indicated that alumina diffusion 
coefficient has significant effects on dissolution process 
of non-agglomerated particles. Under the same alumina 
diffusion coefficient, the size dissolution rate of 
non-agglomerated particles strictly decreases with the 
increase of non-agglomerated particle size. 

When D is greater than 1.5×10−9 m2/s, the 
dissolution time of non-agglomerated particles is 
significantly reduced; and when D is 5.0×10−9 m2/s, the 
dissolution time of non-agglomerated particles is reduced 
to about 10 s (Fig. 3(b)). The high turbulent conditions in 
large industrial cells can be obtained due to the strong 
convection provoked by the motion of anode bubbles and 
the magnetohydrodynamics effects. Therefore, some 
better diffusion conditions for alumina dissolution should 
be considered and the most common approach is the 
determination of a better feeding point in the cells, such 
as the crossing points between the centre and the side 
channels. 
3.1.3 Effect of bath superheat on dissolution process of 

agglomerated particles 
In order to determine the effect of bath superheat on 

dissolution process of agglomerated particles, analyses 
were carried out at bath superheat of 6, 8, 10, 12 and  
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Fig. 3 Effect of alumina diffusion coefficient on dissolution 
process of non-agglomerated particles (c=3%): (a) Size 
dissolution rate; (b) Dissolution time 
 
15 °C, respectively, under θalu of 30 °C. Figure 4 shows 
the effect of the bath superheat on the dissolution process 
of agglomerated particles. With the increase of bath 
superheat, the size dissolution rate of agglomerated 
particles increases, and dissolution time decreases. This 
is consistent with the finding that a high bath superheat 
(∆θ=15 °C) gives a high size dissolution rate of 
agglomerated particles. Increasing bath superheat means 
that the temperature of the bulk bath increases, which 
will speed up the heat transport into the agglomerated 
particles. Consequently, a higher dissolution rate can be 
gained. Under the same alumina preheating temperature, 
the size dissolution rate of single agglomerated particles 
decreases obviously with the increase of agglomerated 
particle size. Besides, there is a large difference on all of 
the size dissolution rates of agglomerated particles. It is 
obvious that the size dissolution rate of the small 
agglomerated particles increases faster with increasing 
bath superheat (Fig. 4(a)). Thus, changing the flow path 
of the anode bubbles could reduce the formation of large 
agglomerated particles or break up agglomerated 
particles. When bath superheat increases from 6 to 15 °C, 
the dissolution time decreases from 640 to 250 s     
(Fig. 4(b)), which means that bath superheat has a great 

influence upon the dissolution process of agglomerated 
particles. The calculated dissolution time is in good 
agreement with PETER’s result [23], in which the 
dissolution time of all alumina particles is from about 
600 to 360 s. 
 

 
Fig. 4 Effect of bath superheat on dissolution process of 
agglomerated particles (θalu=30 °C): (a) Size dissolution rate;  
(b) Dissolution time 
 
3.1.4 Effect of alumina preheating temperature on 

dissolution process of agglomerated particles 
The effect of the alumina preheating temperature on 

the dissolution process of agglomerated particles was 
determined at alumina preheating temperatures of 30, 
100, 200, 300 and 500 °C, respectively, when the bath 
superheat was set to be 10 °C. Figure 5 reveals that with 
the increase of alumina preheating temperature, the size 
dissolution rate of agglomerated particles increases, and 
dissolution time decreases. But it should be noted that 
the size dissolution rate of agglomerated particles does 
not seem to increase much by raising the initial 
temperature of alumina particles (Fig. 5(a)). Under the 
same bath superheat, the size dissolution rate of 
agglomerated particles decreases obviously with the 
increase of agglomerated particle size. When the alumina 
preheating temperature increases from 30 to 500 °C, the 
dissolution time of agglomerated particles decreases 
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from 400 to 310 s (Fig. 5(b)). It can be seen that 
preheating the alumina particles is not as effective as a 
higher bath superheat for increasing the dissolution rate 
and reducing the dissolution time. 
 

 
Fig. 5 Effect of alumina preheating temperature on dissolution 
process of agglomerated particles (∆θ=10 °C): (a) Size 
dissolution rate; (b) Dissolution time 
 
3.2 Comprehensive parameters and effects analysis 

The parameters influencing the dissolution process 
of alumina require a comprehensive analysis, to use the 
theoretical results for practical optimization of the 
alumina point feeding technology. Based on the results of 
the present study, both the decrease of alumina content 
and the increase of alumina diffusion coefficient can 
effectively increase the size dissolution rate and decrease 
the dissolution time of non-agglomerated particles. As 
bath superheat and alumina preheating temperature 
increase, the size dissolution rate of agglomerated 
particles increases and the dissolution time decreases. 
The dissolution time of non-agglomerated and 
agglomerated particles is in the order of 10 and 100 s, 
respectively. It is also found that the alumina diffusion 
coefficient and bath superheat are more beneficial for the 
dissolution process of non-agglomerated and 
agglomerated particles, respectively. For this reason, a 
high alumina diffusion condition and bath superheat 

should be properly provided when electrolysis condition 
permits. 
 
3.3 Application and validation of the model 

In this work, the alumina dissolution is applied to a 
300 kA industrial aluminum reduction cell for the 
validation of theoretical model. There are four point 
feeding hoppers, each with a total batch of 1.8 kg. 
According to the conservation of mass, alumina is fed in 
batches of approximately 7.2 kg every 144 s (i.e., normal 
feeding cycle). 

According to the analysis above, the dissolution 
process of alumina in a normal feeding cycle is studied 
with the combination of four available operation 
parameters (c is 3%, D is 4.0×10−9 m2/s, θalu is 30 °C, ∆θ 
is 10 °C). As can be seen from Fig. 6, the dissolution 
process of alumina can be divided into two distinct 
stages with different rates: the fast dissolution stage of 
non-agglomerated particles and the slow dissolution 
stage of agglomerated particles. Approximately 50% 
(mass percentage) of the batch is dissolved within the 
first 10 to 15 s, while the rest of the batch is dissolved 
after 2 min or more. The dissolution rate of the fast 
dissolution stage is much higher than that of the slow 
dissolution stage. The agglomerated particles are shown 
to be the most important factor limiting the dissolution 
process. 

 

 
Fig. 6 Comparison of dissolution curve of alumina 
between calculated results and experimental data 

 
The calculated dissolution curve of alumina (mass 

fraction of alumina dissolved) is in well accordance with 
the experimental results from Refs. [3,8,28]. Besides, the 
complete dissolution of alumina was found to take about 
400 s (Fig. 4(b) and Fig. 5(b)), which is almost in 
agreement with the experimental data (6 min or 360 s) 
used in this work. Apparently, the calculated result has 
certain error compared with the laboratory experimental 
results, and some possible causes are mainly as follows. 

1) The dissolution time for all the alumina particles 
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depends heavily on agglomerated particles. It is hard to 
measure the initial mass distribution of agglomerated 
particles due to many complicated factors, and so far 
there have been no relevant experimental measurements 
reported yet. The hypothetical initial mass distribution of 
agglomerate particles in this work may be not so 
accurate. 

2) This work ignores the formation of agglomerated 
particles, but actually it affects the dissolution rate of 
alumina. Besides, the formation of agglomerated 
particles in laboratory conditions is not the same as that 
in industrial conditions. The mass fraction of two kinds 
of alumina particles would change in different 
dissolution conditions. 

3) The calculated results show that the model is 
reliable and can be used for complex analysis of the 
alumina dissolution. The model and algorithms in this 
study may also be applicable to other systems involving 
dissolving particles. 
 
4 Conclusions 
 

1) A comprehensive heat and mass transfer model 
was developed and implemented, in which the alumina is 
divided into two types: non-agglomerated and 
agglomerated particles. 

2) The results show that both the decrease of 
alumina content and the increase of alumina diffusion 
coefficient can effectively increase the size dissolution 
rate and decrease the dissolution time of 
non-agglomerated particles. The dissolution time of 
non-agglomerated particles is in the order of 10 s, and 
the alumina diffusion coefficient plays a more important 
role than the alumina content. 

3) With the increase of bath superheat and alumina 
preheating temperature, the size dissolution rate of 
agglomerated particles increases, while the dissolution 
time decreases. The dissolution time of agglomerated 
particles is in the order of 100 s and a higher bath 
superheat turns out to be more beneficial for a fast 
dissolution of agglomerated particles. 

4) The calculation of a 300 kA aluminum reduction 
cell shows that the dissolution process of alumina can be 
divided into two stages with different rates: the fast 
dissolution stage of non-agglomerated particles and the 
slow dissolution stage of agglomerated particles. The 
dissolution rate of the fast dissolution stage is much 
higher than that of the slow dissolution stage. The 
agglomerated particles are therefore the most important 
factor limiting the dissolution process. 
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基于传热传质的氧化铝溶解过程分析和建模 
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摘  要：基于铝电解槽熔体内氧化铝溶解过程动力学机理，提出了综合的传热传质控制模型，以描述未结块和结

块氧化铝颗粒的溶解过程。基于相关商业软件和自定义算法，并结合颗粒收缩核模型，采用合适的差分求解方法，

对氧化铝颗粒溶解速率、溶解时间和溶解质量进行计算，探讨若干对流和热条件参数对氧化铝溶解过程的影响。

结果表明：降低氧化铝浓度和增大氧化铝扩散速率可以增大未结块颗粒溶解速率，减少未结块颗粒溶解时间；提

高电解质过热度和氧化铝预热温度可以增大结块颗粒溶解速率，减少结块颗粒溶解时间。对某 300 kA 铝电解槽

内氧化铝溶解过程进行计算分析，得到的氧化铝溶解质量比例曲线数据与文献结果比较接近；氧化铝溶解过程主

要分为两个阶段：未结块颗粒的快速溶解和结块颗粒的缓慢溶解，溶解时间数量级大小分别大约为 10 和 100 s；

结块颗粒是影响整个氧化铝溶解过程的最主要因素。 

关键词：铝电解槽；氧化铝颗粒；溶解过程；传热传质；差分求解方法 
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