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Abstract—The recovery of alumina from electroslag-
remelting of Ti-bearing blast furnace dag has been
investigated by Bayer process, XRD methods. The effects of
NaOH concentration , ratio of liquid to solid, leaching time
and temperature, particle size, precipitating time and
temperature, calcining temperature and time were
investigated. With leaching, filtering, precipitating and
calcining, alumina recovery of 75.56 pct was obtained under
the conditions of NaOH concentration of 260 g/l, ratio of
liquid to solid of 5:1, particle size of 85 pct passing 0.074 mm,
leaching at 373 K (100°C) for 160 minutes, precipitating at
313 K (40°C) for 35 minutes and Calcining at 1473 K
(1200°C) for 3 hours.
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Vanadium-titanium-magnetite concentrate is composite
ore containing iron, vanadium and titanium, in addition to
many other valuable metals (such as Sc, Cr, Ga, Co, etc.).
The current process of blast furnace, converter v-
recovering and titanium concentrates beneficiation for this
kind of mine only makes use of 68% iron, 47% vanadium
and 15% titanium[1],which produces a large amount of
blast furnace slag containing 22-25% TiO,. This slag has
already accumulated 50 million tons so far, and it is still
increasing at a rate of 3 million tons per year[2], resulting
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in a waste of resources and environment pollution.
Therefore, how to recover these Ti-bearing blast furnace
slag economically is very significant.

Several studies[3-10] on comprehensive utilisation of
Ti-bearing blast furnace slag have been carried out in
China from the 1960s. Many of the programs can be
divided into two categories: the one is the technology of
non-extraction titanium. Using this technique the blast
furnace slag containing titanium is directly produced into
the building materials or other products. The other is to
extract titanium and other valuable components through
the metallurgical process [11]. Using aluminothermy
process, Al-Si-Ti alloy was obtained as the reduction
reagent for waste aluminum. TiO, and SiO, in the blast
furnace slag were reduced in an electroslag-remelting
furnace. Since most of silicon and titanium were replaced
by aluminum, Ti-bearing blast furnace slag turned into Al-
bearing slag. Fortunately, when the molten slag was
carefully treated in a slag ladle after it effused from the
electroslag remelting furnace, most alumina in slag could
be settled and separated. Thus, the Al-bearing slag became
the raw material instead of waste product. The purpose of
the present research is to study the settlement behavior of
alumina in the slag. Additionally, it may provide a useful
method for separating alumina from Al-bearing slag .
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II. EXPERIMENTAL

A. Materials

Ti-bearing blast furnace slag used in this works were
provided by mill of China iron and steel company. Ti-
bearing blast furnace slag and waste aluminum were
injected into an electroslag remelting furnace. After

reducing for 10 min, the molten slag was slowly cooled
down at a cooling rate of 3-5K/min for about 4 h. The slag
obtained after these treatments was called Al-bearing slag.
The bottom Al-bearing slag was crushed and the Al-Si-Ti
droplets were taken out by magnetic separation for
weighing. Table 1 indicated the compositions of Ti-
bearing blast furnace slag and Al-bearing slag.

Table 1 Chemical composition of slag, wt-(%)

li-bearing slag

Alal) Cald S0 Al
20.23 205 564 4822
2219 W6 306 3309
2425 2965 199 5766

B. Alumina recovery procedures

Three procedures were applied to recover alumina
from Al-bearing slag: (i) leaching of the aluminium
content of Al-bearing slag in the form of soluble sodium
aluminate, (ii) transformation of the aluminium content of
sodium aluminate into a precipitation, and (iii) filtration,
washing, drying and calcination of the precipitates.

Al-bearing slags were leached in a glass beaker
(0.5dm3) heated in an isothermal temperature water bath,
equipped with a mechanical stirrer and a temperature
controller. In each batch, 50 g of Al-bearing slags (dry
weight, precision 0.1 mg) were added into an aqueous
NaOH solution of the required concentration and volume
at the required temperature. A mechanical glass stirrer
was operated at a speed of 350 rpm.During stirring, lime
(Ca0) for desilication purposes was added (0.3% of the
amount of Al-bearing sla), and sufficient water was
subsequently added to maintain the total volume constant.
When the leaching process was finished, solution and
residues were separated by filtering under vacuum, and
washed thoroughly with distilled water until a constant
filtrate volume was obtained. The collected filtrate was
subjected to chemical analysis.

A 1 dm’ portion of sodium aluminate solution
(130g-dm™) was mixed with freshly prepared aluminium
hydroxide gel in a 2dm’ glass beaker. The content of
Al,Os in the added gel was 42g, which was equivalent to
about 40% of the Al,O; content of the aluminate solution.
The mixture was stirred for a few minutes and ensured
homogeneity, then a stream of air was passed throughout
via a diaphragm pump for 20h at 30°C. Subsequently, the
precipitate was filtered, washed and dried. Calcination of
the dried materials was conducted in a static atmosphere
of air at various temperatures (Tc=200-1200°C ) for 3h,
using a temperature controlled muffle furnace. The
collected products were subjected to XRD and chemical
analysis.

III. RESULTS AND DISCUSSION

A. Effect of NaOH concentration on the recovery of
alumina
Figure 1 shows NaOH concentration on the recovery of
alumina at 373 K (100°C) for 160 minutes by keeping a
ratio of liquid to solid of 5:1 and a particle size of 85 pct

Al-hearing slag
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passing 0.074mm sieve. It is found that the recovery of
alumina increases evidently when NaOH concentration
increases from 100 to 260 g/l. Increasing NaOH
concentration will help to increase internal diffusion,
which leads to the increase of recovering alumina. Figure 1
also illustrates that the recovery of alumina difference
between NaOH concentration of 260 and 300 g/l is quite
small. It may be explained that as NaOH concentration
continued to increase, the driving forces of diffusion
reactions became low above a certain NaOH concentrate,

which led to less effect on the recovery of alumina.
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Figure 1. Effect of NaOH concentration on the recovery of
Al O;

B. Effect of ratio of liquid to solid on the recovery of
alumina

The effect of ratio of liquid to solid on the recovery of
alumina was studied at NaOH concentration of 260 g/1,
particle size of 85 pct passing 0.074 mm, and leaching at
373 K (100°C) for 160 minutes. As shown in Figure 2, it is
clear that the recovery of alumina increases significantly
when increasing ratio of liquid to solid in the initial
stage(the carbon/ore ratio from 2.0 to 5.0) and then almost
levels off. It indicates that an effective increase of the
recovery of alumina can be achieved by increasing the
ratio of liquid to solid. With the increase of ratio of liquid
to solid, the contacting area between solution and particles
increases, which accelerates the reaction of particles and
NaOH solution.
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Figure 2. Effect of ratio of liquid to solid on the recovery of
AlLO5

C. Effect of time (tm) and temperature (Tp) in leaching on
the recovery of alumina.

The effect of leaching time (tm) on the recovery of
alumina at different leaching temperature (Tp) are
performed in Figure 3. It is found that a value of 75%
recovery was obtained at 100°C, as compared with 65 and
45% at 90 and 80°C, respectively. Figure 3 also shows the
initial high rate of leaching to slow down markedly after
the elapse of 160min of leaching, regardless of the
temperature applied.
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Figure 3. Effect of time (t,,) and temperature (T;,) in leaching
on the recovery of Al,O;

D. Effect of particle size on the recovery of alumina

The effect of particle size on the recovery of alumina
was examined under the conditions of NaOH concentration
of 260 g/l, ratio of liquid to solid of 5:1, and leaching at
373 K (100°C) for 160 minutes. As shown in Figure 4, It
can be seen that by increasing the particle size of the Al-
bearing slags, the recovery of Al,O; increased. However,
the AL,O; recovery is still lower than 80 even though 95
pct of the particles are passing 0.074mm sieve. The reason
is that some impurities of the alumina do not dissolve in a
NaOH solution.
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Figure 4. Effect of particle size on the recovery of Al,O;

E. Effect of time (tm) and temperature (Tp)
precipitating on the recovery of alumina

The effect of precipitating time (tm) on the recovery of
alumina at different leaching temperature (Tp) are
performed in Figure 5. It is found that all the curves of
alumina recovery show a similar trend in just the slope at
temperature from 40 to 70°C region. The recovery of
alumina  decreases evidently ~when precipitating
temperature increases from 40 to 70°C.The alumina
recovery at a given temperature increases with the increase
of precipitating time, decreases when the time is above
35min.
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Figure 5. Effect of time (t.,) and temperature (T},) in

precipitating on the recovery of Al,O;

F. XRD analysis of calcined alumina
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Figures 6 illustrates x-ray analysis of Al-bearing slag
and product. From which it is clear that the main phase of
Al-bearing slag is 2Ca0O-Al05-Si0,,12Ca0-7AlL0;,
Ca0O-ALO; , Ca0O-SiO,.By leaching , precipitating and
calcination, alumina is produced. In addition, some
impurities have remained unreacted in the alumina, and the
utilization of alumina will be studied in further research.
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Figure 6. XRD results of Al-bearing slag and product

IV. CONCLUSIONS

In this study, recovery of alumina from electroslag-
remelting of Ti-bearing blast furnace slag was investigated.
The experiments prove that recovering alumina from Al-
bearing slag by the Bayer process is an effective method.
Alumina and other impurities were separated effectively
after leaching and filtering. The results show that alumina
recovery of 75.56 pct was obtained under the conditions of
NaOH concentration of 260 g/l, ratio of liquid to solid of
5:1, particle size of 85 pct passing 0.074 mm, leaching at
373 K (100°C) for 160 minutes , precipitating at 313 K
(40°C) for 35 minutes and Calcining at 1473 K (1200°C)
for 3 hours.
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