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Abstract: Aiming at seeded precipitation of aluminate solution with high caustic ratio(a,>2.4), corresponding to the late period of
seeded precipitation, the influence of different types of seed on precipitation ratio was explained with respect to solution structure in
the interface of seed and the evolution of AI(OH); growth units in this layer. The effects of solid content and seed size on
agglomeration were determined by calculating the particle number of product. The results imply that the solution structure in the
interface of seed imposes a notable significance on the process in the late period of seeded precipitation. Agglomeration still exists in
this period. However, the agglomeration bodies break in the case of prolonging precipitation due to the mechanical effect, which

results in the increase of particle number.
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1 Introduction

The seeded precipitation from supersaturated
sodium aluminate solution is a crucial step in the Bayer
process for the production of alumina, which is a
complicated crystallization operation involving a variety
of physico-chemistry sub-process such as nucleation,
agglomeration and crystal growth. A multitude of
researches have been done on the structure and
precipitation mechanisms of sodium aluminate solution,
but the mechanisms are still obscure and attract
considerable research effort[1-4]. So far it is known that
the aluminate ion exists in the form of AI(OH), in
moderate  concentration and hydrated ion as
Al(OH), (H,0), 1in dilute solution at low temperature,
Al(OH), dehydrates in high concentration
solution at high temperature and exists as polymeric
ions[5]. The increase of precipitation ratio can be
achieved by prolonging the precipitation time, but as
generally believed large amounts of secondary nucleation,
the breakage of crystals due to mechanical effect and the
difficulty of agglomeration because of the low
temperature and supersaturation in the late period of
seeded precipitation, make the particle size and strength
performance of product fall short of the requirements of

while

sandy alumina product[6,7]. Therefore, the further
investigation of the late period of seeded precipitation is
quite important.

2 Experimental

Supersaturated sodium aluminate solutions with
caustic ratio a; (the molar ratio of Na,Oy to Al,O3)
needed were prepared by dissolving Al (OH) ;(industry
grade) into NaOH (industry grade) and then filtered. The
solution was poured into stainless steel reactor (volume 2
L) with measure cylinder. After the solution was
airproofed and preheated for 10 min, corresponding
kinds of seed were added with agitation. At prescribed
time, some solutions were sampled and centrifuged. The
concentrations of Na,Oy and Al,O; were determined by
volumetry[8] and the particle size distribution of product
was analyzed in Mastersizer 2000 apparatus(Malvern
Instruments Ltd, UK).

3 Results and discussion

3.1 Effect of seed types on precipitation ratio

In order to investigate the effect of different types of
seed on the late period of seeded precipitation, the
sodium aluminate solution (a;=1.46 and the concentra-
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tion of Al,Os is 195.75 g/L) was precipitated to a,=2.406,
then filtered and divided into 5 parts, to which
corresponding kinds of seed were added and
precipitation continued with constant precipitation
temperature 40 ‘C. The results are shown in Fig.1. It can
be seen from Fig.1 that the process can go on when spent
liquid-attached seed (namely filtered but not washed)
was added (curve 2). But if the washed seed (curve 1)
was added, this process was practically stopped and the
same result happened in the case of active seed, such as
baked seed[9] and carbonization seed[10] (curve 3-5).
The result may relate to the solution structure in the
interface of seed surface and the evolution of Al(OH),
growth units in the interface. According to the Ref.[11],
Al(OH), is the main form containing aluminum in
sodium aluminate solution, which can be converted into
Al(OH); via dehydration, polymerization and the release
of OH .
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Fig.1 Relationship between precipitation ratio and time with
different seeds (initial solid content 600 g/L; solution
composition: Na,Op 181 g/L, a, 2.46; temperature 40 C):
1 Washed precipitation seed; 2 Spent liquid-attached precipita-
tion seed; 3 Seed dried at 110 C for 2 h; 4 Seed baked at 550

‘C for 15 min; 5 Washed carbonization seed

When the seeded precipitation is proceeding, the
Al(OH), in spent liquid polymerizes and unites into

ion-associated complex [Al,(OH)3,,;],, based on
Eqn.(1):
nAl(OH), — Al, (OH)3,,,; +(n+1)OH™ (1)

It can be known from the knowledge of industry
crystallization that the particles in solution can be formed
and precipitated on the surface of seed when the size of
the polymer reaches more than that of the critical
molecular cluster. Otherwise, it is dissolved[12]. In
sodium aluminate solution the size of critical molecular
cluster corresponds to the association degree of
[AL,(OH)s,,;1,,. So there exists a critical association

degree my; which decreases with the increase of
supersaturation. The association degree of ion-associated
complex [Al,(OH)3,,], in the interface of spent
liquid-attached seed has reached to some degree.
Moreover, it will further increase because the effect of
solid force field makes the structure of solute possess
strong orientation which results in the augment of
Al(OH), concentration and association degree of
[Al,(OH);3,.,1,,- When it exceeds the mygy, the
crystallization of AI(OH); happens. This should be why
the precipitation can continue when adding the spent
liquor-attached seed in the late period of seeded
precipitation. As for other kinds of seed, their association
degree of [Al,(OH);3,.;1, 1s small in the interface
because of the low AI(OH), concentration. It can
increase somewhat due to the effect of solid force field.
But on the whole, the augment of association degree is
quite difficult, especially in the late period of seeded
precipitation because of the low supersaturation of
solution[13]. Therefore, it is difficult for the association
degree in the interface of those kinds of seed to reach the
me; and the precipitation cannot continue. This result is
very significant for the choice of seed in the late period
of seeded precipitation.

3.2 Influence of seed size on precipitation ratio and
particle number of product in late period of
seeded precipitation
The fine and coarse spent liquid-attached seeds were

employed to investigate the influence of seed size on the
late period of seeded precipitation. The changes of
caustic ratio a; with time using different seed size are
plotted in Fig.2, which shows that the precipitation ratio
using fine seed is obviously much higher than that of
coarse seed after 10 h, because the surface area of fine
seed is bigger than that of coarse seed, which boosts the
precipitation of sodium aluminate solution.
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Fig.2 Relationship between precipitation ratio and time with
different seed size (initial solid content 600 g/I.; solution
composition: Na,Oy 171.57 g/L, a, 2.36; temperature 40 C)
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This paper provides a new criterion concerning
agglomeration or nucleation based on the variation of
particle numbers and its distribution on different size
intervals of seed or product which are calculated by an
algorithm[14] (function Calnum.m programmed by
MATLAB) pertinent to the PSD patterns and particle
population balance method of industry crystallization
reactor.

It can be seen from Table 1 that a great number of
fine particles disappear in 9 h when adding fine seed.
Since the crystal growth rate is very small in the late
period of seeded precipitation of sodium aluminate
solution because of the low supersaturation (<<0.5
pm/d)[15], the losts of so large amount of fine particles
may be due to the result of agglomeration. Table 2 shows
that agglomeration is more and more obvious with time
at the relatively short investigated interval in the
experiment with coarse seed. Agglomeration is an
automatic process to reduce the surface energy. The finer
the seed is, the higher the surface energy is and the
stronger the trend that particles automatically
agglomerate is. Furthermore, the crystallization of
Al(OH); prefers to the surface of fine seed for its high
activity, which makes the agglomeration body of fine
particles firmer because of more binder (the new
crystallization of Al(OH);). Therefore, fine seed can
agglomerate more easily. Whereas, the agglomeration of
coarse seed needs more binder, so more precipitation
duration is needed. It can be broken because of agitation
without enough binder. So agglomeration of coarse seeds
takes more times than that of fine seeds. In a word,
agglomeration still exists in the late period of seeded
precipitation of sodium aluminate solution, which causes
the mean diameter of product increase.

3.3 Effect of initial solid content on precipitation ratio
and characteristic particle number of product
Different contents of spent liquid-attached seed were

added in order to determine the effect of solid content on

precipitation ratio and the particle number of product on
different size intervals in the late period of seeded
precipitation. The results are shown in Fig.3, Table 4 and

Table 5.

It can be seen from Fig.3 that the precipitation ratio
increases with the increase of solid content in the late
period of seeded precipitation. As mentioned above,
agglomeration exists at relatively short interval in the
late period of seeded precipitation of sodium aluminate
solution with high ay. But as shown in Table 4 and Table
5 when the experiment is prolonged to 55 h, <20 pm
particle number of product is increased by 23.32% with
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Fig.3 Relationship between precipitation ratio and time at
different solid content (solution composition: Na,Oy 171.57 g/L,
ay 2.48; temperature 40 C)

Table 1 Variation of characteristic particle numbers of product with fine seed

Size/pm Seed/L " Product (9 h)/L ™" Variation (9 h)/% Product (20 h)/L™"  Variation (20 h)/%
<20 8.62X10" 1.69% 10" —98.04 231x10" 9732
20-35 220%x 10" 5.50%10° -97.49 1.04Xx10" 9528
3545 4.74X10" 235%X10° —95.04 3.29%10° -93.03
Fine seed; initial solid content 600 g/L; solution: Na,Oy 171.57 g/L, ayx 2.36; temperature 40 C.
Table 2 Variation of characteristic particle numbers of product with coarse seed
Size/pm Seed/L " Product (9 hyL ™" Variation (9 h)/% Product (20 h)/L™"  Variation (20 h)/%
<20 2.13%x10" 1.71X10" -19.53 1.09X 10" —48.66
20-35 4.52%x10" 574X 10" 2345 3.62X 10" -21.03
3545 1.37X10" 216X 10" 57.97 1.60X10" 16.88
Coarse seed; initial solid content 600 g/L; solution: Na,Oy 171.57 g/L, a 2.36; temperature 40 C.
Table 3 Variation of mean size of product with fine and coarse seed
Seed Seed/um Product (9 h)/um Variation (9h)/% Product (20 hy/um  Variation (20h)%
Fine seed 37.34 45.13 20.86 56.55 51.44
Coarse seed 65.95 66.08 0.21 72.05 9.30

The experiment conditions are listed in Tables 1 and 2.
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Table 4 Variation of characteristic particle numbers of product

with high initial solid content

Size/pm Seed/L”"  Product(55h)/ L™  Variation/%
<20  223X10? 275X 10" 23.32
20-45  1.50Xx 10" 1.58X 10" 5.53

Initial solid content 600 g/L, solution: Na,O, 171.57 g/L, o 2.48;
temperature 40 C

Table 5 Variation of characteristic particle numbers of product
with low initial solid content

Size/pm Seed/L™!  Product (55h)/L™!  Variation/%
<20 1.12x 10" 1.25x 10" 12.02
20-45 6% 10" 6.2x 10" 3.33

Initial solid content 300 g/L, solution: Na,Oy 171.57 g/L, o 2.48;
temperature 40 C

high solid content and 12.02% with low solid content.
Meanwhile, 1t can be seen from Table 6 that the mean
diameter of product decreases somewhat. It indicates that
the agglomeration bodies are not firm and break if
agitation time is prolonged in the late period of seeded
precipitation of sodium aluminate solution. The
increment ratio of particle number of product increases
with solid content. The reason is that the more the solid
content is in system, the more mechanical collision
happens among Al(OH); particles.

Table 6 Variation of mean size of product with low and high
initial solid content

Seed/L™!  Product (55 hy/ L' Variation/%
Low 62.99 61.80 -1.90
High 62.99 62.39 —0.60

The experimental conditions are listed in Tables 4 and 5.

Solid content

4 Conclusions

1) The solution structure in the interface of seed
affects the process significantly in the late period of
seeded precipitation. The precipitation continues only
when adding the spent liquid-attached seed.

2) Agglomeration still exists in the late period of
seeded precipitation of sodium aluminate solution (a;>
2.4).

3) The prolonged precipitation can result in the
breakage of agglomeration bodies due to the mechanical
effect, which results in the increase of particle number.
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