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Abstract: Effect of lithium ion in sodium aluminate solution on precipitation rate, lithium content, morphology, and crystallization of
alumina trihydrate (ATH) was investigated. Results showed that increasing lithium ion concentration in solution improved the
precipitation rate and lithium content in ATH, whereas reduced the mass fraction of lithium precipitation from solution. Lithium ion
in solution generated the fine ATH, and thereafter significantly increased the total particle number due to the preferential nucleation.
Elevating temperature or reducing lithium ion concentration decreased lithium content in ATH and reduced the fine particle amount.
Moreover, lithium ion in the solution changed the morphology of ATH by improving the growth of the (110) and (200) planes of
gibbsite. A large amount of fine bar- or flake-shaped ATH attached on the coarse particles also benefited the secondary nucleation and
led to the poor strength of alumina. All results will further contribute to improving the quality of alumina.
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1 Introduction

Lithium extensively occurs in bauxite [1—4].
Accordingly, lithium is found in the pregnant sodium
aluminate solution, alumina trihydrate (ATH), alumina
and red mud [5]. Lithium-rich alumina, from calcined
lithium-rich ATH, excessively increases lithium content
in molten electrolytes (LiF 4—8 wt.%) during aluminum
electrolysis [6,7], and thereafter the remarkable decrease
efficiency occurs [7,8]. As lithium
precipitation in precipitation of ATH from aluminate
solution gives rise to lithium-rich alumina, alumina
quality depends on lithium co-precipitated with ATH.
Hence, the effect of lithium ion in solution on ATH
precipitation should be illustrated clearly.

Li, Na, K and Cs are alkali elements, of which the
solubility of Li" ion in aluminate solution is significantly
less than that of Na" and K" ions [9,10]. By contrast, the
effect of K,O on seed precipitation was extensively
studied in sodium aluminate solution [11—15]. Presence
of K ion (K,0 10-90 g/L) in aluminate solution slightly
improved precipitation rate and ratio. Meanwhile,
morphology of gibbsite was different from that

in current

precipitated from the pure sodium aluminate solution. In
addition, LEE et al [16] found that gibbsite was
precipitated in hexagonal prism in the presence of
potassium and caesium. However, few works are
available regarding ATH precipitated from sodium
aluminate solution containing lithium ion. XU et al [17]
proposed an effective attempt to remove lithium ions
from the Bayer liquor by the layered H,TiOs-type lithium
ion sieves (LISs), while the effect of lithium on the
products was not mentioned. STRATEN et al [18] found
that Li" ion accelerated the precipitation rate of bayerite
and promoted transformation of pseudoboehmite to
bayerite in an extremely diluted sodium aluminate
solution (c(Al)=4x10"* mol/L) containing lithium ion at
25-50 °C, and LiAl,(OH);2H,0 was formed by the
combination of Li" and AI(OH); in the sodium
aluminate solution. FRENKEL et al [19] observed that
Li" ion modified the structure of pseudoboehmite in the
precipitation of aluminum hydroxide with adding NaOH
into AICI; solution containing lithium ion. To prepare
alumina containing lithium, LI and LONG [20] believed
that Li" ions in solution have no effect on precipitation
rate and particle size distribution (PSD), and 80% lithium
was co-precipitated in gibbsite precipitation. Therefore,
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the effect of lithium ion in solution on precipitation rate
of ATH remains vague. Moreover, in addition to the
increase in lithium content in ATH in the precipitation,
the effect of lithium ion on PSD, morphology and
crystallization of ATH remains unclear, all of which are
related to alumina quality and subsequently directly
involves in aluminum electrolysis.

To improve the quality of sandy alumina and to
diminish the negative effects on aluminum electrolysis,
the effects of lithium ion in solution on precipitation rate
as well as lithium content, morphology and
crystallization habit for ATH were investigated.
Furthermore, the effect of Li° ion on gibbsite
precipitation mechanism was also examined by analysis
of PSD, X-ray diffractometry (XRD), X-ray photo-
electron spectroscopy (XPS) and SEM.

2 Experimental

2.1 Materials

Aluminum hydroxide and sodium hydroxide
(Aladdin Co., Ltd, 99.9%) were used to prepare sodium
aluminate solutions with deionized water. Lithium
aluminate (Wuhan 3B Science Co., 99%) was dissolved
in sodium aluminate solution to obtain sodium aluminate
solution containing lithium ion after filtration. Seed ATH
assigned to gibbsite was received from Chalco. All
chemicals used were of analytical grade.

2.2 Experimental procedures

Precipitation process was performed in a beaker
(1000 mL) sealed by a plastic lid and heated by a water
bath (£1 °C). Sodium aluminate solution containing
lithium ion (p(Na,0)=160.00 g/L, p(Al,05)=181.54 g/L,
p(Li)<0.5 g/L) and seed ATH were added into the
beaker at 45—80 °C. Furthermore, 20 mL of the slurry
was pumped out at a given time and then filtered with
vacuum filtration. The solution (filtrate) was used to
determine the concentration of Na,O and Al,O;. ATH
(cake), washed three times with hot deionized water
(about 95 °C), was used to determine lithium content,
PSD, morphology, and phase compositions.

2.3 Methods

Na,O and Al,O3 concentrations (denoted by ¢(Na,O)
and c¢(Al,0O;)) in sodium aluminate solution were
determined by titration [21]. Precipitation rate (1) was
calculated according to the following equation:

n=(1—oy o/ox ) *100% (1)

where subscripts 0 and ¢ represent the initial stage and
time ¢, respectively. oy is defined as molar ratio of Na,O
to Al,O3 in sodium aluminate solution.

Lithium content in ATH was determined by plasma

emission spectroscopy (ICP-AES) (Intrepid II XSP,
American Thermo). PSD was finished on Mastersizer
2000 (Malvern Instruments Ltd., UK). Surface element
analysis was recorded on XPS (ESCALAB 250Xi,
America Thermo Fisher). Particle image and phase were
evaluated through scanning electron microscopy (SEM)
(JSM—6360LV, Japan) and X-ray diffractometer (XRD)
(Bruker, Germany), respectively.

Preferential orientation index O suggests high
degree of preferential orientation of crystal plane. O
value of ATH was calculated based on the XRD patterns
according to the following equation [22]:

1,11,

Tz )
S )
nig
where /; and /; are the XRD intensity of the (4k7) plane in
the experimental specimen (gibbsite) and the standard
powder sample, respectively. # is the number of planes.
To further elucidate the effect of lithium ion in
solution on PSD of ATH, the particle number N; of each
particle size range per unit volume (where i (i=1, 2, 3, 4)
represents <10 pum, 10-20 um, 2045 pm, and >45 pum,
respectively) was calculated based on the data from the
PSD curves of the seed ATH or ATH precipitated from
solution containing lithium ion [23].

3 Results and discussion

3.1 Precipitation rate in sodium aluminate solution
containing lithium ion
3.1.1 Effect of lithium ion concentration
Effect of lithium ion on the precipitation of ATH is
often neglected because lithium ion concentration is
remarkably low at low temperature [9]. Figure 1 shows
the effect of lithium ion concentration on precipitation
rate.

50 ;
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—e— p(Li"H=0.01 g/L
40F —a— p(Li"=0.1 g/L
—v— p(Li*):O.S g/L

30F
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Duration/h
Fig. 1 Effect of lithium ion concentration on precipitation rate
(p(Na,0)=160.00 g/L, p(Al,05;)=181.54 g/L, T=65 °C, seed
ATH amount 100 g/L)
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In Fig. 1, precipitation rate slightly increased with
the increase in lithium ion concentration. The solution
containing less than 0.1 g/L lithium achieved a slightly
higher precipitation rate than the pure sodium aluminate
solution. Increase in lithium concentration from 0.1 to
0.5 g/L further improved the precipitation rate particularly
after 1 h. Results suggest that increase in lithium ion
concentration favors the precipitation, which differs from
results presented by LI and LONG [20].

3.1.2 Effect of temperature

Elevating temperature increases lithium solubility.
However, high temperature decreases the precipitation
rate due to the decrease in saturation of sodium
aluminate solution. To simplify the precipitation process,
a constant temperature was employed. Figure 2 presents
the effect of temperature on precipitation rate in sodium
aluminate solution containing lithium ion.
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Fig. 2 Effect of temperature on precipitation rate in sodium
aluminate solution containing lithium (p(Na,0)=160.00 g/L,
p(AL05)=181.54 g/L; p(LiN=0.1 g/L; seed ATH amount
100 g/L)

As shown in Fig. 2, elevating temperature reduced
the precipitation rate in aluminate solution containing
lithium ion, which is in good agreement with results in
the pure sodium aluminate solution [24].

In summary, lithium ion in solution affects the ATH
precipitation. This suggests that much meaningful
information will be obtained in subsequent discussion
about variation of lithium content in ATH, and PSD,
XRD, and morphology of ATH.

3.2 Lithium content in ATH precipitated from sodium
aluminate containing lithium ion
3.2.1 Effect of lithium ion concentration
LI and LONG [20] proved that 80% lithium can be
readily co-precipitated into ATH in the preparation of
alumina containing lithium by digesting lithium-bearing
minerals into aluminate solution. However, the effect of
lithium ion concentration in solution on lithium content
in ATH precipitated from solution remains unclear.

Table 1 gives the variations of lithium content in ATH
precipitated from different solutions.

Table 1 Effect of lithium ion concentration in sodium
aluminate solution on lithium content in ATH

Lithium content in ATH/wt.%

Duration/h
p(Li"=0.01 g/L p(Li")=0.1 g/L p(Li")=0.5 g/L

0.083 0.0097 0.0331 0.0262
0.16 0.0106 0.0409 0.0545
0.5 0.0137 0.0408 0.0462

1 0.0191 0.0429 0.0466

3 0.0217 0.0515 0.0467

7 0.0195 0.0502 0.0470

18 0.0170 0.0441 0.0683

24 0.0174 0.0431 0.0687

p(Na,0)=160.00 g/L, p(Al,03)=181.54 g/L, T=65 °C, seed ATH amount
100 g/L, lithium content in seed 0.0076%

In Table 1, increasing lithium ion concentration
improved lithium content in ATH, mainly due to the
solubility of lithium ion in solution. However, increase in
lithium content in ATH was not proportional to the
lithium ion concentration. In addition, extending time
slightly benefitted the lithium co-precipitated from
solution of p(Li")=0.1 g/L and p(Li")=0.5 g/L.

To further illustrate lithium precipitation in various
solutions, mass fraction of lithium precipitation was then
calculated based on data in Table 1 and mass of ATH
precipitated from solution based on data from Fig. 1.
Results can be seen in Fig. 3.

100 »

80+

—=— p(Li")=0.01 g/L
s0h —e— p(Li")=0.1 g/L
—a— p(Li*)=0.5 g/L

0 I I 1 1 1 1
0 5 10 15 20 25

Duration/h
Fig. 3 Effect of Li ion concentration in solution on mass
fraction of lithium precipitation (p(Na,0)=160.00 g/L,
p(ALO;)=181.54 g/L, T=65 °C, seed ATH amount 100 g/L, Li
content in seed ATH 0.0076%)

60

Mass fraction of
lithium precipitation/%

As presented in Fig. 3, when the duration became
long, the mass fraction of lithium precipitation quickly
reached the maximum and remained almost constant in
the solution of p(Li")=0.01 g/L possibly due to the
adsorption of fresh ATH [25]. Meanwhile, the mass
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fraction of lithium precipitation raised slowly in solution
of p(Li"N=0.5 g/L. Results also suggest that increasing
lithium ion concentration reduced the mass fraction of
lithium precipitation. This result differs from that
deduced from the solubility of lithium aluminate
hydrate [17], possibly due to the metastability of lithium
ion in the supersaturate sodium aluminate solution and
cake (ATH) washed with hot water, or the crystal form of
aluminum hydroxide precipitated from sodium aluminate
solution [26]. The reason will be explained in the further
investigation.

3.2.2 Effect of temperature

Table 2 gives the influence of temperature on
lithium precipitation rate.

Elevating the temperature (Table 2) inhibited the
lithium precipitation and reduced the lithium content in
ATH. The higher the temperature was, the lower the
lithium content was in ATH at early precipitation stage.
In addition, the mass fraction of lithium precipitation
decreased with elevating temperature based on the data
in Table 2 and ATH mass precipitated from solution in
Fig. 2. For example, the mass fractions of lithium
precipitation after 18 h were 61.62%, 55.76% and
39.99% at 45 °C, 65 °C and 80 °C, respectively.

Table 2 Effect of temperature of seed precipitation process on
lithium content in ATH
Lithium content in ATH/wt.%

Duration/h T=45°C T=65 °C T=80 °C
0.083 0.0322 0.0331 0.0150
0.16 0.0379 0.0409 0.0141

0.5 0.0349 0.0408 0.0206
1 0.0372 0.0429 0.0347
3 0.0405 0.0515 0.0360
7 0.0499 0.0502 0.0381
18 0.0322 0.0441 0.0327
24 0.0351 0.0431 0.0366

p(Na,0)=160.00 g/L, p(Al,05)=181.54 g/L, p(Li")=0.1 g/L, seed ATH
amount 100 g/L, Li content in ATH seed 0.0076%

Therefore, lithium was readily precipitated from
solution containing lithium ion, which led to the
rich-lithium alumina followed -calcining rich-lithium
ATH. The removal of lithium ion from solution or
elevating temperature can reduce the lithium content in
ATH.

3.3 PSD of ATH precipitated from sodium aluminate
solution containing lithium ion
3.3.1 Effect of time
The fine ATH is generally attributed to the
concentrated solution (p(Na,0)>160 g/L), vigorous
stirring, sodium oxalate, rapid precipitation or high

precipitation rate. Attention is scarcely paid to the effect
of lithium ion in solution. PSD curves of ATH are shown
in Fig. 4.

141
12
101

Volume fraction/%

10 100 71000

Particle size/pm
Fig. 4 Effect of time on PSD of ATH (p(Na,0)=160.00 g/L,
p(A1L,0;)=181.54 g/, T=65 °C, p(Li")=0.1 g/L, seed ATH
amount 100 g/L)

Figure 4 showed that, when precipitation occurred
in sodium aluminate solution containing lithium ion, a
new peak of the fine particle (<30 um) was observed.
The finding suggests that lithium ion in solution
promotes the fine ATH precipitation. Moreover,
extending time generated a large amount of the fine ATH
because of the remarkable increase in the intensity of the
peak for the fine particle. By contrast, the peak intensity
at 60-120 pm correspondingly decreased along with
increasing half-width of the peak. The fact confirms that
lithium ion in the solution is unfavorable in precipitation
of the coarse ATH.

The fine particle, less than 45 pm, is detrimental to
aluminum electrolysis, while the finer particle (<20 pm)
promotes the precipitation and is preferentially
agglomerated in precipitation process. Therefore, the
particle size of ATH was then categorized into four
ranges (0—10 um, 10—20 pm, 20—45 pum, and >45 pum) to
further discuss the variation in particle size. Results can
be seen in Fig. 5.

As shown in Fig. 5, the total particle number
increased significantly in the early stage (1-15 h) and
then decreased slowly. Meanwhile, the particle number
in each particle size range varied differently. For
example, the particle number at 0—10 um initially
remarkably increased and decreased rapidly thereafter.
The particle number at 10-20 um also initially
remarkably increased, and then decreased slowly.
However, the coarse particle number at >45pm
decreased slightly. Therefore, a large number of the fine
particles (<20 um) occurred in the early precipitation
stage (<15h), mainly attributed to the remarkable
nucleation and slight agglomeration. Furthermore, the
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fine ATH, together with the seeds, improves the
precipitation rate after 1 h in the precipitation (Fig. 1)
due to a large amount of the specific surface area from

the fine particle.

4000

"—0-10 um
3500 e—10-20 pm
3000 A—20-45 nm
v—>45 um

2500
2000
1500
1000
500
ok

*—Total particle number

Particle number per unit volume/10%L™!

0 5 10 15 20 25
Duration/h

Fig. 5 Variation in ATH in each particle size range during
precipitation (p(Na,0)=160.00 g/L, p(Al,0;)=181.54 g/L, T=
65 °C, p(Li")=0.1 g/L, seed ATH amount 100 g/L)

3.3.2 Effect of lithium ion concentration

The effect of lithium ion concentration on PSD and
particle number can be seen in Fig. 6 and Table 3,
respectively.

Figure 6 showed that a peak associated with fine
particles at 5—40 um was observed. Increase in lithium
ion concentration shifted the peak at 5—40 um toward the
fine particle. Simultaneously, the peak intensity of the
coarse particle at 60—120 pm decreased. The
observations confirm that increase in lithium ion
concentration generates the fine particles. Table 3
indicated that the fine particles number at 0—20 pum
significantly increased as lithium ion concentration
increased. Furthermore, the number of superfine particles
with size of 0—10 pm notably raised in solution of
p(Li)=0.5 g/L, which was approximately 331 times
greater than that in solution of p(Li")=0.01 g/L. The
remarkable occurrence of the fine particles also suggests

that increasing the lithium ion concentration will
significantly promote the nucleation of ATH in

precipitation.
14
12F Seed—
 10F
8 ol p(LiH=0.01 g/L
5
£ p(LiY)=0.1 g/L
o 6f
£ p(Li")=0.5 g/L
S 4
>
2 .
. / \
I 10 100 1000

Particle size/um

Fig. 6 Effect of lithium ion concentration on PSD of ATH
(p(Na,0)=160.00 g/L, p(Al,05)=181.54 g/L, T=65 °C, =24 h,
seed ATH amount 100 g/L)

3.3.3 Effect of temperature

Elevating temperature is often adopted to eliminate
the fine particle by agglomeration. Table 4 and Fig. 7
show the effect of temperature on PSD of ATH.

Figure 7 indicated that elevating temperature
dropped the peak intensity at 10—40 pm, whereas
increased the peak intensity at 60—120 um. However,
there existed a peak for particle size less than 30 um at
80 °C. The fact implies elevating temperature cannot
eliminate the fine particle in solution of p(Li")=0.1 g/L.
As shown in Table 4, the increase in temperature
considerably decreased the number of fine particles
(0—45 pum) and slightly increased the number of coarse
particles (>45 um). For example, the number of fine
particles in 0—10 pm at 80 °C decreased compared with
that at 45 °C. Therefore, lithium ion in solution should be
removed, although elevating temperature can diminish
some fine particle.

Table 3 Effect of Li' concentration on particle number in each particle size range

. ) 4 Particle number/10* L'
Li ion concentration/(g-L ")
0-10 pm 10-20 pm 20—45 pm >45um Total
0.01 298.58 1294.17 216.25 61.47 1870.47
0.1 694.63 1872.70 341.49 50.68 2959.50
0.5 99066.63 2471.98 220.47 44.43 101803.51
Table 4 Effect of temperature on particle number in each particle size range
Particle number/10* L™
Temperature/°C
0—10 um 10-20 pm 20—45 pm >45 um Total
45 1490800 3830.47 526.34 39.05 1495195.88
65 819.54 1962.51 352,96 52.00 3187.01
80 1616.51 814.58 69.34 67.21 2567.64
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Fig. 7 Effect of temperature on PSD of ATH precipitated from
solution (p(Na,0)=160.00 g/L,
p(ALO3)=181.54 g/L, p(Li")=0.1g/L, =24h, seed ATH
amount 100 g/L)
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containing lithium ion
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3.4 Morphology of ATH precipitated from sodium
aluminate solution containing lithium ion

Above results confirmed that the presence of
lithium ion in solution led to the precipitation of the fine
ATH and increased the precipitation rate. The
morphology of ATH precipitated from the solution
containing lithium ion may provide some supplementary
explanation. Figure 8 shows the morphologies of ATH
precipitated from sodium aluminate solutions containing
lithium ion.

In Fig. 8, few fine particles were attached on the
surface of the coarse particle for seed ATH (Figs. 8(a, b)).
However, lithium ion in the solution changed the
morphology of ATH precipitated from sodium aluminate
solution (Figs. 8(c—f)). A large number of the fine bar- or
flake-shaped particles were attached on the surface of the
coarse particles in addition to the fine particle scattering
around the coarse particle. This shape is distinct from the
hexangular rod-like ATH precipitated from the sodium

A g DR T W

Fig. 8 Effect of lithium ion concentration on morphology of seed ATH (a, b), ATH precipitated from solution containing 0.1 g/L (c, d)
and 0.5 g/L (e, f) Li" after 3 h (p(Na,0)=160.00 g/L, p(Al,0;)=181.54 g/L, T=45 °C, seed ATH amount 100 g/L)
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aluminate solution [27-29]. Furthermore, the fine
particles attached on the coarse particles will easily fall
down due to particle collision in fluid (called as the
secondary nucleation) with ATH seed over 300 g/L,
thereby generating numerous fine particles as mentioned
in Figs. 4, 6 and 7. Moreover, a large amount of bar- or
flake-shaped particles attached on the coarse particles
also weaken alumina strength followed by calcining
as-precipitated ATH. This poor strength for alumina also
negatively affects aluminum electrolysis.

3.5 XRD and XPS for ATH precipitated from sodium
aluminate solution containing lithium ion
Figures 9 and 10 display the XRD patterns and XPS
of ATH precipitated from the solution containing lithium
ion, respectively.

@
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Fig. 9 XRD patterns of seed ATH (a), ATH from solution
containing 0.1 g/L (b) and 0.5 g/L (c) Li"

p(Li")=0.5 g/L

60 59 58 57 56 55 54 53 52
Binding energy/eV

Fig. 10 XPS patterns of ATH from solution containing 0.1 and
0.5 g/LLi"

Like gibbsite in seed ATH (Fig. 9(a)), gibbsite
instead of bayerite [6,19] was precipitated from the
concentrated sodium aluminate solution containing
lithium ion, as shown in Figs. 9(b, c). In addition,
LiAl,(OH);2H,0O was barely detectable in the solution
of p(Li"<0.1 g/L. However, a few LiAl,(OH);-2H,0
was observed in the solution of p(Li")=0.5 g/L (Fig. 9(c)).
Meanwhile, XPS results showed that characteristic peaks
assigned to Li were found in the solution of p(Li")=
0.5 g/L (Fig. 10). The contents of Al and Li on ATH
surface in solution of p(Li")=0.5 g/L were 19.69% and
4.15%, respectively. These results acquired from the
solution of p(Li")<0.1 g/L confirm that lithium ion in
solution affects the nucleation of gibbsite.

Results in Fig. 9 also indicated that the diffraction
intensities corresponding to various planes of gibbsite
varied differently. Therefore, the preferential orientation
index T of each crystal plane of gibbsite precipitated in
3-24 h was calculated based on the XRD patterns
(Tables 5 and 6).

High value of T represents high degree of
preferential orientation. Relative to the preferential (001)
plane of gibbsite from sodium aluminate solution [30,31],
the preferential orientation index 7 of the (110) and (200)
planes for gibbsite from the solution containing lithium
was found after 3 h or 24 h (Tables 5 and 6). The
preferential growth of the (110) and (200) plane on the
surface of seed gibbsite might produce the fine particles
with bar or flake shape (Figs. 8(c—f)). Meanwhile, it
seems that lithium ion in solution determines nucleation
and is related to the growth of crystal plane. The finding
suggests that lithium ion does not intercalate in gibbsite
by occupying vacant positions of gibbsite [32,33], which
occurred in lithium-bearing solution (LiNO;, LiCl, LiBr,
Lil and Li,SO4) with the addition of gibbsite into
solution.
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Table 5 Preferential orientation index T of each plane of ATH precipitated from solution containing 0.1 g/L Li"

Preferential orientation index, 7'

Duration/h
(002) (110) (200) (112) (202) (021) (311) (024)
0 0.679 1.327 1.230 1.035 0.565 0.865 1.204 0.896
0.899 1.495 1.327 1.282 0.660 0.551 1.270 0.989
24 0.643 2.083 1.841 1.126 0.472 0.748 1.013 0.823
Sample at 0 h was ATH seed
Table 6 Preferential orientation index T of each plane of ATH precipitated from solution containing 0.5 g/L Li"
Preferential orientation index, T’
Duration/h
(002) (110) (200) (112) (202) 021) (311) (024)
0 0.679 1.327 1.230 1.035 0.565 0.865 1.204 0.896
0.780 1.312 1.337 0.937 0.624 0.829 1.112 0.952
24 0.706 1.698 1.544 1.041 0.541 0.767 1.120 0.861
Sample at 0 h was ATH seed
[4] TOURTELOT H A, BRENNER-TOURTELOT E F. Lithium, a
4 Conclusions preliminary survey of its mineral occurrence in flint clay and related
rock types in the United States [J]. Energy, 1978, 3(3): 263-272.
[5] GOMES H I, MAYES W M, ROGERSON M, STEWART D I,

(1) Lithium ion in sodium aluminate solution
improved the precipitation rate and slightly increased the
lithium content in ATH. The mass fraction of lithium
precipitates reduced with the increase in lithium ion
concentration. Elevating temperature decreased the
precipitation rate and lithium content in ATH. Lithium
aluminate hydrate was barely found in ATH in solution
of p(Li")=0.1 g/L.

(2) ATH precipitated from the sodium aluminate
solution containing lithium ion was identified as gibbsite.
Lithium in the solution promoted the formation of fine
particles and increased in the total particle number due to
the preferential nucleation (or secondary nucleation).
Furthermore, the presence of lithium ion significantly
changed the morphology of gibbsite. The (110) and (200)
planes of gibbsite grew preferentially, rather than (001)
plane in solution free of lithium. A large number of fine
bar- or flake-shaped particles were attached on the coarse
particle of ATH, benefitting the formation of the fine
particle and reducing the strength of alumina.
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