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Abstract: The full alumina dissolution process in aluminum electrolysis cells was investigated using an improved
computational fluid dynamics (CFD) model based on the previous researches by consideration of agglomerate
formation. The results show that the total mass of alumina agglomerate and its maximum size are mainly dependent on
the feeding amount and increase with increasing it. Higher superheat can effectively inhibit the agglomerate formation
and thus promote the full alumina dissolution behavior. The full alumina dissolution process mainly includes a fast
stage and a slow stage, with an average dissolution rate of 17.24 kg/min and 1.53 kg/min, respectively. About 50%
(mass percentage) of the total alumina particles, almost all of which are the well-dispersed alumina fine grains, dissolve
within the fast dissolution stage of about 10 s. The maximum values of the average dissolution rate and final percentage
of the cumulative dissolved alumina mass are obtained with a feeding amount of 1.8 kg for a superheat of 12 °C. The
formation of the alumina agglomerates and slow dissolution characteristics play a dominant role in the full dissolution
of alumina particles.
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into the bath, while other cold alumina particles
present a poor dispersion characteristic and thus
form floating agglomerates consisting of solidified

1 Introduction

Alumina is the principal raw material used in
the Hall-Héroult process in order to produce
aluminum. The rapid
dissolution and more distribution of alumina in
molten cryolite are the decisive factors for the
stable operation and design of the modern
aluminum reduction cells. With increasing
electrolysis intensity and reducing anode—cathode
distance (ACD) in modern industrial cells, the
control of alumina feeding and dissolution of the
alumina particles have been the bottleneck of
limiting the development of the modern aluminum
industry [1].

Unfortunately, only parts of well-dispersed
cold alumina particles will dissolve very quickly

effective  dispersion,

bath and undissolved alumina [2,3]. It is a common
phenomenon for the agglomerate formation in both
the laboratory and industrial scale electrolysis cells,
which can dramatically hinder the alumina
dissolution process and lead to anode -effects.
Moreover, the slow-dissolving agglomerates would
sink into the metal layer and result in sludge
formation, causing numerous operational problems
and leading to higher energy demand and lower
current  efficiency [4]. Indeed, previous
experimental researches have suggested that the full
dissolution process of alumina is largely dominated
by the very slow dissolution rate of these
undesirable agglomerates [2,5,6]. Therefore,
keeping a good dispersion characteristic of alumina
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particles and inhibiting the agglomerate formation
can effectively benefit the fast alumina dissolution
process.

There are various operational parameters
influencing the formation and dissolution of the
alumina agglomerates, which have been reported in
the comprehensive review [4]. However, most of
the previous researches have focused on the
qualitative description of the surface morphology,
composition and structure of the agglomerates and
their dissolution and sinking behaviors mainly by
direct observation and simply analysis [7—10].
More recently, some experimental and theoretical
studies have been carried out to evaluate the
quantitative information. The agglomerate mass,
properties and dissolution rate were investigated
through experiments by YANG et al [11,12].
GYLVER et al [13] performed an industrial
measurement to obtain the agglomerate size,
porosity and density. Then, they continued to
conduct a laboratory experiment and concluded that
both the density and the porosity of agglomerates
were in the same range as those found in industrial
agglomerates [14]. RAYMOND et al [15]
established a physical and mathematical model of
the single agglomerate formation. Then, the
relationship between the agglomerate density and
its maximum size was further developed by
KASZAS et al [16]. The above qualitative and
quantitative investigations can provide an increased
understanding of the agglomerate formation
mechanism and lay a solid foundation for the
theoretical calculation and prediction of the
dispersion behavior of the alumina particles during
industrial feeding process.

Because of the high temperature and corrosive
nature of the molten cryolite, both the laboratory
and industrial scale experiments are incapable of
accounting for all the complex phenomena
involving  the dispersion, dissolution and
distribution of alumina particles and the coupling
with the local corresponding thermodynamic and
hydrodynamic conditions within cells. Therefore,
computational fluid dynamics (CFD) methods have
been utilized to simulate the alumina dissolution
and distribution process in industrial cells [17-29].
Nevertheless, previous CFD works were aimed at
simulating the alumina distribution by only
considering a simplified hysteresis effect as alumina
pseudo-dissolution after feeding [17-22], but

ignoring the slow-dissolving behavior of
agglomerates from poor-dispersed cold alumina
particles. Our previous works [23,24] creatively
presented a CFD approach coupled with a
two-particle phase population balance model
(CFD-TPPBM) to model the actual dissolution and
distribution process of different alumina particles
with heat and mass transfer mechanisms. In recent
years, LI and his group [26—29] also developed a
numerical method to track different alumina particle
movements and further simulated the alumina
dissolution and distribution process. However, there
are still some limitations existing in these numerical
simulation researches due to lack of reliable and

reasonable  size  distributions of  alumina
agglomerates.

The framework of the present study is the
improvement of our previous CFD-TPPBM

technique [23] and the more efficient multiphase
flow fields [30,31] validated through experiments,
which requires the quantitative distributions of
the alumina agglomerates as several sub-models.
Therefore, a new modified modeling approach for
reasonably describing and predicting the dispersion
process of alumina particles in an industrial cell is
firstly developed by combining the theoretical study
of ZHANG [32] and the laboratory experimental
study of YANG et al [11]. Then, an improved CFD
model considering the full dissolution process of
the alumina particles is presented and the influence
of some key operational parameters such as the
feeding amount, bath superheat and alumina
concentration, is investigated.

2 Theoretical calculation and CFD model

2.1 Theoretical

formation

As previously mentioned, when a certain
initial feeding amounts of cold alumina particles are
added into the molten bath, part of the alumina
particles can show good dispersed characteristic
and dissolve rapidly throughout the feeding zone,
which are considered as alumina fine grains.
However, some other cold alumina particles will
disperse poorly and are penetrated and surrounded
by solidified bath, leading to the formation of crusts
or agglomerates. Thus, according to the mass
conservation principles, the part amount of the
alumina particles forming the alumina agglomerates

modeling of agglomerate
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and the amount of the alumina particles already
contained in the alumina agglomerates should
theoretically balance out within the alumina feeding
process. The mass proportion of the alumina
particles forming part of the alumina agglomerates,
P, can be expressed as

_CM,,,
M

a

P 6]
where C, is the mass fraction of the alumina
particles in the alumina agglomerates; M,y is the
total mass of the alumina agglomerates; M, is the
initial feeding amount of the cold alumina particles.

The hydration water of the alumina particles
can release in the form of water vapour within
alumina crystal transformation from gamma-
alumina to alpha-alumina during the formation of
the alumina agglomerates. Most water vapour can
release quickly, but a little amount is surrounded by
solidified bath immediately. Therefore, the alumina
particles, solidified bath and water vapour are
formed together as the alumina agglomerates with
an obvious porous structure. The definition and the
calculation formula of the porosity of the alumina
agglomerate are given as

D:(Vagg_Va_Vb)/Vagg (2)

where D is a single alumina agglomerate porosity;
Vage 1s a single alumina agglomerate volume; V is a
total volume of the alumina particles in a single
alumina agglomerate; V), is the total volume of the
solidified bath in a single alumina agglomerate.
Furthermore, the detailed analytical formula of
C, is developed according to the relations of the

density and volume for different porous
components:

(A-D)p, (P, — P,
C, = (2= ) 3)

pagg(pb _pa)

where p,, ppand p,g, are the densities of the alumina
particle, the bath and the alumina agglomerate,
respectively. Based on the laboratory experimental
results of YANG et al [11], the relationship between
Page and D with two different superheats including 7
and 12 °C, were analyzed and summarized, as
shown in Fig. 1, and the corresponding fitting
expressions were also obtained. Therefore C,
follows directly from p,, and D, if p, and p, are
known.
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Fig. 1 Relationship between alumina agglomerate
density and porosity with different superheats: (a) 7 °C;
(b)12°C

According to the mass conservation and the
dispersion characteristics of the cold alumina
particles as introduced earlier, an improved solution
algorithm and modeling method are proposed in
this work by referring to the research method of
ZHANG [32] and combining the laboratory
experiment results of YANG et al [11]. This study
persists that all the spherical alumina particles show
relatively smooth or grainy morphology. Therefore,
the initial total number of the cold alumina particles
N, during the feeding process can be calculated as

N, =6M,/(nd.p,) (4)

where d, is the average equivalent diameter of the
alumina particles.

All the alumina agglomerates are also
considered as smooth spherical particles. Thus, the
total number of the alumina particles that exist in all
the alumina agglomerates is P:N,. And even
supposing that, the alumina agglomerates show
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obvious characteristics of size and number
distributions. Thus, the number of the alumina
particles within a single alumina agglomerate N, 440
can be calculated as

N,

a,agg =

3 3
Ca’:lagg — Ca P, aggjf;gg :Ca P, agg (ddagg ] (5)
a Paly P

a

where d,g, and m,g, are the diameter and mass of a
single alumina agglomerate, respectively; m,is the
mass of a single alumina particle.

The ratio of the alumina agglomerate with any
diameter d,, to d, is defined as L=d,g,/d,. And we
assume In L (the logarithm of L) is approximately
normally distributed and keep y-axis as symmetry
axis in rectangular coordinates. Because d,g, should
be larger than zero, In L is regarded as the absolute
value of a random variable x with an expected
value of zero and a standard deviation of . The
expression is written as

In L=|x|, x~N(0, &) (6)

Any two different alumina agglomerate
diameters dygy 1 and dager (dage,1<dage2) are selected
and the corresponding random variables are
In L, <In L,. Therefore, when In L ranges from In L,
to In L,, the probability F), can be calculated as

{4

where ¢ is the cumulative distribution function for
the standard normal distribution.

When d,ge1 and dage» get very close together,
the difference between In L, and In L, is very small.
Therefore, the number of the alumina agglomerates
Nige 12 and the number of the alumina particles N, ;>
contained in alumina agglomerates with diameters
between dg, 1 and d,g,» are expressed as

Nagg,l,Z = Ntotal,agg ' E,Z (8)
3
Pa L +L
Na,l,Z = Ca —=£. (#J (9)
Pa 2
where Niiage 18 the total number of the alumina
agglomerates.

As indicated above, the total number of the
alumina particles N, 12 in  the alumina
agglomerates with its number of N, 1> can be
calculated as

Na,total,l,Z =N, 120 N, g,1,2 =N, 127 Ntotal,agg 'E,Z (10)

a ag; a

The total number of the alumina agglomerates

Niotar,age €an be determined as

P-N,

Ntotal,agg = . (1 1)
g Ni,i+1 'E,Hl
Ntotal,agg : Fn—l,n 21 H Ntotal,agg : Fn,n+1 <l (12)

where n changes with In L for different alumina
agglomerate diameters. The number of the
maximum diameter of the alumina agglomerate
should be at least one.

The normal probability density function
presented in this work is a continuous function and
In L is a continuous variable. However, the variable
L is discretized and assumed as an integer for
simplified calculation. Large theoretical and
practical calculations show that Nigiage 1 closely
correlated with PN, and o. Based on the
experimental results of YANG et al [11], the small-
scale experimental relationships between M,,, and
alumina content C (mass fraction of alumina in the
bath, %) for two different superheats (7 and 12 °C)
were also analyzed and summarized, as shown in
Fig. 2. The corresponding fitting expressions were
also obtained.

Finally, based on the above relationships of
these parameters and analysis, the actual M,y and
P-N, can be comprehensively calculated for
different industrial large-scale alumina feeding
amounts and other key processing parameters such
as superheat and alumina content. The number and
mass distributions of the alumina agglomerates with
different sizes can be further determined, which will
serve as the important initial and boundary
conditions as well as mass transfer correlations for
modeling of the full dissolution process of the total
alumina  particles in  industrial
electrolytic cells.

aluminum

2.2 Numerical model of full dissolution process
of alumina particles

The multiphase flow fields and the alumina
dissolution process in industrial aluminum
electrolytic cells were numerically simulated by
applying a CFD-TPPBM method in our previous
study [23]. However, in previous investigation, the
initial number and mass distributions of the alumina
agglomerates with different sizes and the mass ratio
of alumina fine grains to alumina agglomerates
were established heavily based on the simplification
and rough assumptions. Despite many studies on
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Fig. 2 Relationship between alumina agglomerate mass
and alumina content with different superheats: (a) 7 °C;
(b) 12 °C

the formation behavior of the alumina agglomerates,
there is scarce study on the quantitative description
due to the complex process of heat and mass
transfer environments as mentioned earlier.
Therefore, the improved theoretical modeling of the
distribution  characteristics of the alumina
agglomerates presented in this work can provide
some key and detailed corresponding calculation
parameters. In addition, the further study and
improvement of the gas-liquid two-phase flow
model for accurately simulating the bubble-induced
bath force by considering bubble coalescence and
breakup  behavior  that  represented  the
time-averaged momentum source terms of the bath
phase were also proposed based on our previous
works [30,31]. The detailed calculation flow chart
of the improved CFD model has been provided in
Fig.3. More information and mathematical
derivations of the calculated parameters can be
found in our previous works [23,30,31].

Bubble coalescence Dispersion mechanism of
and breakup alumina agglomerate

| l

Combining with theoretical
interphase forces and and experimental data
turbulence from literatures

| l

Gas—liquid two-phase Alumina agglomerate
flow model formation model

l |

Bubble-induced bath Number and mass
force and MHD force distributions of alumina
model agglomerate

|

’ Initial and boundary sub-models }

|

Improved CFD model of full
dissolution of alumina particles

Verification of

Fig. 3 Calculation flow chart of improved CFD model

In the present study, a 300 kA aluminum
electrolysis cell is proposed and the detailed
geometrical parameters and the four alumina
feeding positions with inter-anode feeders can also
be found in our previous study [23]. The initial
industrial scale alumina feeding amount M, of 1.0,
1.2, 1.4, 1.6, 1.8 and 2.0 kg and the corresponding
feeding cycle of 80, 96, 112, 128, 144 and 160 s are
used in the simulation. Based on the former analysis,
the mass ratio between the alumina fine grains and
the alumina agglomerates is (1—P)M,/M,,. Each
alumina feeding position is assumed to the same
feeding amount and the alumina particles are
assumed to start to dissolve at the same time. The
feeding position surface is treated as a mass-
flow-inlet boundary condition with the calculated
mass flow rates and the corresponding volume
fractions of each particle group based on the
number and mass distributions of the alumina fine
grains (grain size testing) and the alumina
agglomerates. Specifically, for reducing the
computation amount of the CFD-TPPBM modeling
in the current calculation, we divide the whole
alumina agglomerate evenly into 16 groups in the
order of the smallest to the largest in size. The size
of each group is obtained based on the averaged
agglomerate diameters. Therefore, an improved
CFD modeling of the full dissolution of alumina
particles can be proposed, in which the details for
the mathematical formulations and numerical
solution strategy are similar to those reported in our
previous work [23].
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3 Results and discussion
3.1 Distribution characteristics of alumina
agglomerates

As described above, the variable L=d,g/d,
should be increased with the increase of the
alumina agglomerate diameter. The maximum value
for L is Lpy.x. Furthermore, the changes of L.
following P-N, and its relation with ¢ for the
alumina feeding amounts in a range from 1.0 to
approximately 2.0 kg are shown in Fig. 4.

The result shows that when o grows above a
certain value, L. approximately preserves as a
maximum value. Figure 5 illustrates the
mathematical relationship between [Ly.x] (the
critical value of L.) and PN, and its fitted
correlation can be expressed as [Lya]=
2.0288(P'Na)0'2492. Then, we regard [Limax] S Lax
again, and o can be obtained. Furthermore, the
number and mass distributions of the alumina

350
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L 200
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150_ P'Na
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Fig. 4 Relationship between L, and ¢ with different
values of P-N,
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Fig. 5 Relationship between [L.x] and PN,

agglomerates and their total mass are gained
consequently.

This study combines the relevant process
parameters including the alumina feeding amount,
the superheat and the alumina concentration, and
explores their impacts on the alumina agglomerate
distributions. The number and mass distributions of
the alumina agglomerates with 16 different sizes for
different feeding amounts are displayed in Fig. 6. It
can be seen in Fig. 6 that the changing laws of both
the number and mass distribution curves are
basically the same with different feeding amounts.
With the increase of the alumina agglomerate
diameter, the alumina agglomerate number
decreases, but the alumina agglomerate mass
increases. The alumina agglomerates for the
diameter less than 10 mm constitute the majority of
number, particularly among the diameters less than
3 mm. Although the numbers of the larger alumina
agglomerates are very small, their masses are much
greater due to their larger particle volumes. The
calculated maximum size is 25—30 mm, which is in

60
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M=1.4 kg, Myy,=2.57 ke
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Fig. 6 Alumina agglomerate distributions for different
feeding amounts: (a) Number distribution; (b) Mass
distribution
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consonance with the typical non-spherical
agglomerate particles with a diameter of 10—50 mm
and with a height of 1020 mm reported in
experimental results [33,34]. Moreover, with
increasing the feeding amount, the maximum size
of the alumina agglomerates is gradually increased,
and the total mass of the alumina agglomerates Mg,
also increases. This is because the larger feeding
amounts can lead to excessive and a much wider
temperature drop of the bath and hence more
possibility for the agglomerate formation due to the
poorer dispersion characteristics. Presumably, the
large value of M., would cause slow dissolution
rate of the alumina agglomerates.

Figures 7 and 8 reveal the effects of alumina
content on the number and mass distributions of the
alumina agglomerates for two different superheats
(with same feeding amount of 1.6kg). The
superheat is the difference between the bath
operating temperature and the bath liquidus
temperature. The change trends of these two
kinds of distribution curves under different alumina
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Fig. 7 Effect of alumina content on alumina agglomerate
distributions with superheat of 7°C: (a) Number
distribution; (b) Mass distribution
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Fig. 8 Effect of alumina content on alumina agglomerate
distributions with superheat of 12 °C: (a) Number
distribution; (b) Mass distribution

contents and superheats are almost the same, which
are similar to those discussed in Fig. 6. However,
slightly different from those in Fig. 6 for changing
the feeding amount, the specific percentages of the
number and mass of the alumina agglomerates
present less variation for changing the alumina
content. Interestingly, it also can be concluded from
Figs. 6-8 that the M,,, would increase significantly
as the feeding amount increases, rather than
increasing alumina content or superheat with a
constant feeding amount. Similar results were
also obtained in the experiment study of YANG
etal [11].

The total mass of the alumina agglomerates
M.y, and the mass proportion of the alumina
particles forming alumina agglomerates P under
different alumina contents and superheats are
shown in Fig.9. While the alumina content
increases, both M,,,and P increase and the increase
trend is more obvious for the lower superheat of
7 °C. When the alumina content remains constant,
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both M, and P decrease with the increase of the
superheat. The results indicate that the actual bath
liquidus temperature would drop at high alumina
content, leading to a poor heat transfer condition
between the frozen shell and the molten bath.
Therefore, more additional solidified bath and
cold-state alumina particles will penetrate into the
alumina agglomerates. A lower superheat means a
lower bath operating temperature and heat transfer
coefficient without changing alumina content, and
more energy and time are required for remelting the
frozen bath shell before the dissolution can occur.
Furthermore, it can potentially increase the chance
of the mutual penetration between the cold alumina
particles and the solidified bath and therefore cause
more alumina agglomerates.

—— 68

036 Superheat: 7°C %
%350 {66
g 3.4+t 164
S 3.3 - Superheat: 7 °C Iy
g 321 Superheat: 12 °C X
T = - e &
831t TC- /L, 1
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X g

1 1 1 1 1 1 54

1 2 3 4 S 6

Alumina content/wt.%

Fig. 9 Effects of alumina content and superheat on
alumina agglomerates
3.2 Dissolution characteristics of alumina

particles

The cumulative dissolved mass of the total
alumina particles, including alumina fine grains and
alumina agglomerates, increases fast at first and
then slows down within one feeding cycle of 144 s
(with a total feeding amount of 6.4kg and a
superheat of 12 °C), as shown in Fig. 10. This
means the dissolution rate (cumulative dissolved
alumina mass with dissolution time) is gradually
decreased. The full alumina dissolution process can
be divided into two main stages with different
dissolution rates and the demarcation dissolution
time is about 10 s (see red dotted line in Fig. 10(a)).
The two dissolution stages are the fast dissolution
stage with an average dissolution rate of
17.24 kg/min and the slow dissolution stage with an
average dissolution rate of 1.53 kg/min, respectively,
and the former is about one order larger than the

6 | (a) Average dissolution rate: 1.53 kg/min
I About 10
ont 108 ----Alumina agglomerates
4+ --=- Alumina fine grains
—— Total alumina particles
1 e

20 s
1 gl
-7 Average dissolution rate: 17.24 kg/min

0 C 1 ’ 1 L L 1 1 1
0 20 40 60 80 100 120

Time/s

Cumulative dissolved alumina mass/kg

3.0
(b)  Average dissolution rate: 17.24 kg/mM

N

20t ~ATNL

Average dissolution rate: 16.09 kg/min

Cumulative dissolved alumina mass/kg

L5r ---- Alumina agglomerates
--=- Alumina fine grains
1.0- —— Total alumina particles
0.5 H Average dissolution rate: 1.15 kg/min
0.0 - ..---..-------.----.--Zr’"'r"'l'"'f---u_-
1 2 3 4 5 6 7 8 9 10
Time/s

Fig. 10 Cumulative dissolved alumina mass in one
feeding cycle with total feeding amounts of 6.4 kg:
(a) Global analysis; (b) Local analysis

latter. About 50% (mass percentage) of the total
alumina particles have dissolved within the fast
dissolution stage, and almost all the alumina fine
grains are dissolved. From the local analysis of the
fast dissolution process in Fig. 10(b), the average
dissolution rates of the alumina fine grains and the
alumina agglomerates are 16.09 and 1.15 kg/min,
respectively. This is mainly due to the high local
alumina content in the feeding zone in short time
period, which can cause high mass transfer rate
from the alumina fine grains to the molten bath.
However, the longer-lasting dissolution process of
the alumina agglomerates dominated by low heat
transfer rate for remelting the frozen bath shell is a
key factor affecting the full dissolution performance
of the total alumina particles. More than 5.873 kg
alumina particles are completely dissolved and only
very few porous alumina agglomerates with about
0.527 kg of undissolved alumina particles are still
present in the molten bath at the end of one feeding
cycle, which may continue to dissolve into the bath
or sink below the cell layer in the next feeding
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cycles.

Figure 11 illustrates the effects of the feeding
amount on the cumulative dissolved alumina mass
and the corresponding mass percentage. The
dynamic changes of the full alumina dissolution
process with different feeding amounts are similar
to the results shown in Fig. 10. Obviously, the
larger the feeding amount is, the more the
cumulative dissolved alumina mass is, with longer
dissolution cycle. However, the percentage of the
cumulative dissolved alumina mass does not show a
gradual increasing trend. In general, the alumina
dissolution curves of the simulation results are
consistent with the experimental data available in
the literatures [9,35,36], as shown in Fig. 11(b).
Due to the difference of the different experimental
environments in the published literatures and the
real industrial cell conditions in this work, there are
some errors in the results inevitably, which are
acceptable in practical engineering applications.
The results also indicate that our simulation results
have better compatibility with the experimental data
of KOBBELTVED [35]. The results show that the
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Fig. 11 Cumulative dissolved alumina mass (a) and
percentage (b) with different feeding amounts

between the other two
experimental results [9,36] and the simulation
results are the alumina dissolution curves from
dissolution time of about 15 s to about 70 s. The
simulated percentage is significantly lower than the
experimental percentage because of the over
prediction of the alumina agglomerates due to the
poor dispersion condition (without physical stirring)
of the laboratory experiments of YANG et al [11].
On the whole, this proposed model is reasonable
and effective.

Figure 12 compares the average dissolution
rate and the final percentage of the cumulative
dissolved alumina mass with different feeding
amounts within one feeding cycle. It can be seen
that two parameters increase first and then decrease
when the feeding amount increases from 1.0 to
1.4 kg. And they both increase again and finally
decrease as the feeding amount increases from 1.4
to 2.0 kg. The result shows that both the average
dissolution rate and the final percentage of the

main differences

cumulative dissolved alumina mass reach a
maximum with a feeding amount of 1.8 kg.
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Fig. 12 Average dissolution rate and percentage of
cumulative dissolved alumina mass with different
feeding amounts

Figure 13 depicts the effects of the alumina
content on the average dissolution rate and the
percentage of cumulative dissolved alumina mass
with two different superheats. When the superheat
is 7 °C, both of these two parameters decrease first,
then increase and decrease again when the alumina
content increases from 1 to 6 wt.%. When the
superheat is 12 °C, they both gradually decrease
with the increase of the alumina content. This
implies a different dissolution reaction law with the
alumina content for two different superheats.
Obviously, increasing superheat can significantly
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increase the average dissolution rate and the final
mass percentage, especially at low alumina contents,
and thus significantly improve the alumina
dissolution behavior. The heat transfer performance
for remelting the frozen bath shell process can be
significantly improved with higher superheat,
resulting in accelerated dissolution rate.

3.0
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Fig. 13 Average dissolution rate (a) and percentage of

~
W

cumulative dissolved alumina mass (b) for different
alumina contents and superheats

As discussed above in Fig. 9, both M,z and P
increase as the alumina content increases for two
different superheats, and therefore the average
dissolution rate and the final mass percentage
should decrease theoretically. However, the
calculation results for the superheat of 7 °C do
not follow the above expected rules, as shown in
Fig. 13. When the alumina content increases from 3
to 4 wt.%, these two parameters show an increase
trend. One possible explanation for this is that the
change regular of the number and mass
distributions of the alumina agglomerates with 16
different groups for two different superheats is
different, as shown in Figs.7 and 8. Also, the
alumina content variation around the feeding zone
can influence the dissolution behavior for different
superheats. However, there may be other factors

that may have an impact on the dissolution process,
and further research in this area would be needed.

4 Conclusions

(1) As the alumina agglomerate diameter
increases, the number decreases and the mass
increases. Both the maximum size and M,,, increase
with increase of the feeding amount due to the
poorer dispersion characteristics.

(2) Both M, and P increase with increasing
alumina content, and decrease with increasing

superheat. The larger feeding amount, lower
superheat and higher alumina content can
potentially enhance the possibility of the

agglomerate formation, especially for increasing
feeding amount.

(3) The full alumina dissolution process
includes a fast stage and a slow stage with an
average dissolution rate of 17.24 kg/min and
1.53 kg/min for a total feeding amount of 6.4 kg
and a superheat of 12 °C, respectively. About 50%
(mass percentage) of the total alumina particles
have dissolved within the fast dissolution stage of
about 10 s. The slow dissolution characteristics of
the alumina agglomerates play a dominant role in
the full dissolution performance of the total alumina
particles.

(4) Both the average dissolution rate and the
final percentage of the cumulative dissolved
alumina mass reach a maximum with a feeding
amount of 1.8 kg for a superheat of 12 °C. Larger
superheat can significantly promote the alumina
dissolution process, especially at low alumina
contents. Compared with the data available in the
literatures, the improved CFD approach is proven to
be effective.
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