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Abstract: A two-step alkaline-acidic leaching process was conducted to separate the cryolite from spent pot lining and to purify the
carbon. The influencing factors of temperature, time, and the ratio of liquid to solid in alkaline and acidic leaching were investigated.
The results show that the recovery of soluble compounds of NazAlF¢ and Al,O; dissolving into the solution during the NaOH
leaching is 65.0%, and the purity of carbon reaches 72.7%. During the next step of HCI leaching, the recovery of soluble compounds
of CaF, and NaAl;;0,; dissolving into the HCI solution is 96.2%, and the carbon purity increases to 96.4%. By mixing the acidic
leaching solution and the alkaline leaching solution, the cryolite precipitates under a suitable conditions of pH value 9 at 70 °C for 2
h. The cryolite precipitating rate is 95.6%, and the purity of Na;AlF¢ obtained is 96.4%.
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1 Introduction

With a rapid development of the primary aluminium
industry, more and more spent pot lining (SPL) is
accumulated and needs to be dealt with. SPL is a
hazardous solid waste from cell retrofitting. However,
SPL contains some valuable inorganic compounds, such
as Na;AlFs, NaF, CaF,, ALO; and NaAl;;O;;. The
content of inorganic compounds in the SPL varies from
25% to 50% depending on the cell’s condition [1].
Besides the inorganic compounds, the other composition
in the SPL is carbon that has graphitized at elevated
temperature of 800-900 °C for several years.
Graphitized carbon and inorganic compounds in SPL are
valuable resources. In the past, the simplest way of
dealing with SPL was the process of landfill which is not
environmentally acceptable since the fluoride in SPL will
penetrate and contaminate the underground water, and no
valuable resources are recovered. Therefore, carbon and
inorganic compounds may be recovered as a secondary
resource.

Generally, there are some ways for treating SPL,
including hydrometallurgical and pyrometallurgical
processing, such as physical thermal
treatment and chemical leaching methods [2]. Physical

separation,

method separates the carbon and fluoride according to
the difference in solubility, density and surface properties
between carbon and fluorides. For example, the froth
flotation technology is a typically physical separation
process for SPL treatment [3]. However, physical
separation method is difficult to improve the carbon
purity and recovery efficiency of the leachable substance.
For thermal treatment, the common way is to burn the
SPL [4-7]. Although the SPL is decomposed, some
waste in SPL transfers into the refractory components,
and the fluoride is recovered as a gaseous HF effluent
which can be absorbed with smelter grade ALO; [2],
while the carbon is burnt for boiler heating. This thermal
treatment is complicated in operation and the valuable
source of carbon is not reused. In addition, the chemical
leaching can leach the soluble compounds from the SPL
by using NaOH or AI(NO;);-9H,0 and AlCl;-6H,0O
[8—10]. Because of the low reaction rate, the approach
for treating Na;AlF¢ and CaF, using AI(NO;);-9H,O or
AIlCl;-6H,0 takes long time of 24 h at 25 °C [9, 10],
which is not productive and very costly. However, the
NaOH leaching just takes 2—3 h and the leaching reagent
is economical.

In this work, three steps are conducted to separate
the crolyite from the carbon in SPL. The first step of
alkaline leaching is performed to dissolve Na;AlF¢, NaF,
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and Al,O; into the basic solution. The second step of
acidic leaching is carried out to further dissolve the CaF,
and NaAl;;O;; in the carbon obtained from the first step
into acidic solution. In the third step, the cryolite is
precipitated by mixing the basic solution and acidic
solution which come from the fore two steps.

2 Experimental

All used chemical reagents were analytical grade.
Spent pot lining samples came from a 300 kA aluminium
reduction cell. All the leaching experiments were run at a
mechanical stirring system of 300 r/min at normal
pressure. The concentration of NaOH leaching solution
was 2.5 mol/L, while the concentration of HCI leaching
solution was 9.7 mol/L. The experiment parameters of
leaching and precipitation are shown in Table 1, where 6
is the leaching temperature in alkaline leaching, acidic
leaching and cryolite precipitating experiments, and ¢ is
the leaching time in alkaline leaching, acidic leaching
and cryolite precipitate experiments, L/S is the liquid to
solid ratio. The alkaline leaching solution after filtration
was characterized by Raman spectroscopy (Horiba Jobin
Yvon, HR800, France).

Table 1 Leaching and precipitating experimental parameters

Step 0°PC  4min (c%?gfl) pH
Alkaline leaching  60—100 20240 2—6
Acidic leaching  60—-100  20-240 2-6
Cryolite precipitate 20—100  20—1440 6—-12

3 Results and discussion

3.1 Alkaline leaching

The particle size of the SPL samples for alkaline
leaching is in the range of 100—165 pm after grinding.
The element contents (mass fraction) of SPL are 13.91%
Na, 13.83% F, 6.82% Al, 48.83% C, 1.19% Ca, and the
balance of O and other trace elements measured by
chemical analysis. The phase compositions of the SPL
are Na3;AlFs, NaF, CaF,, Al,O;, NaAl;;O,;, and carbon
characterized by X-ray diffraction (Panalytical B.V, PW
3040/60H, Netherlands), as shown in Fig. 1(a). The
carbon in SPL has graphitized to 78.3% calculated by the
Franklin Model [11].
3.1.1 Effect of L/S ratio

SPL samples were leached in 2.5 mol/L NaOH
solution for 2 h at 100 °C, and the L/S ratio varied in the
range of 2—6 cm’/g. The results are shown in Table 2. It
can be seen that the leaching rate of soluble compounds
increases with increasing the L/S ratio in the range of
2—4.5. When the L/S goes up to 4.5, the increase of
L/S ratio has no more effect on the carbon purity and the

. —C °—Na,AlF,
©—NaAl,,0,, 4+—NaF
*—CaF, 2—ALO;

SPL sample

(b) After alkaline leaching
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Fig. 1 XRD patterns of SPL sample and leaching products

leaching rate. This is because increasing L/S ratio
provides a mass of OH  to react with the soluble Na;AlF
and AlL,O; in the L/S ratio range of 2—4.5. The
concentration of soluble NaszAlFs and Al,O; in the
leaching solution decreases with the increase of L/S ratio,
which makes the leaching rate decrease when the L/S
ratio further increases from 4.5 to 6. Therefore, the
leaching rate does not increase when the L/S ratio is
further increased from 4.5 to 6. Moreover, as seen in
Table 2, the highest purity of carbon is 73.0%, and the
highest leaching rate is 65.4%. This is not a desirable
result for reusing the carbon, and so the second step is
needed. After washing and filtering, the resulted solid
carbon still contains insoluble compounds of CaF, and
NaAl;;0y; characterized by XRD, as shown in Fig. 1(b).

Table 2 Effect of L/S ratio on alkaline leaching

/Sy . o Leaching rate of
(em>g ™) Purity of carbon/% soluble compounds/%

6 73.0 65.4

5.5 72.9 65.2

5 72.9 65.2

4.5 73.0 65.0

4 68.8 57.7
64.9 49.4

2 55.9 26.1

3.1.2 Effect of temperature

In the solution of 2.5 mol/L NaOH with a L/S ratio
of 5, the SPL was leached for 3 h at different
temperatures of 60, 70, 80, 90 and 100 °C. The results
are shown in Table 3. It is observed that the temperature
has an appreciable effect on the leaching rate. The
leaching rate increases from 36.8% to 65.0% when the
temperature increases from 60 °C to 100 °C, while the
carbon purity increases from 59.6% to 72.7%. This effect
can be explained that the reaction velocity constant K
increases with the increase of temperature.
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Table 3 Effect of temperature on alkaline leaching

Leaching rate of

o 1 0,
Temperature/°C  Purity of carbon/% soluble compounds/%

60 59.6 36.8
70 61.9 42.6
80 67.1 54.2
90 69.2 58.4
100 72.7 65.0

3.1.3 Effect of reaction time

The leaching tests were carried out at 100 °C in 2.5
mol/L NaOH solution, and the L/S ratio was 5 cm’/g.
The reaction time was 20, 40, 60, 120, 180 and 240 min
respectively. The results are shown in Table 4.

Table 4 Effect of reaction time on alkaline leaching

Leaching rate of

Time/min Purity of carbon/% soluble compounds/%
20 56.2 27.1
40 56.0 27.1
60 58.9 34.8
120 67.1 54.2
180 72.7 65.0
240 73.0 65.4

The results indicate that the reaction time affects the
dissolution of fluoride and oxide significantly. When the
reaction time increases from 20 min to 240 min, the
leaching rate rises from 27.1% to 65.4%, while the
carbon purity increases from 56.2% to 73.0%. The
leaching rate of 72.7% after leaching for 180 min is more
economical and optimal. Therefore, the reaction time of
180 min is chosen for NaOH leaching.

3.1.4 Structure of solution after alkaline leaching

The Raman spectra of three solutions are shown in

Fig. 2, in which one solution is obtained from alkaline

625 cm™!
(@)
- (c)
200 400 600 800 1000

Raman shift/cm™

Fig. 2 Raman spectra of sodium aluminate: (a) Liquor after
reaction of NaOH and SPL; (b) Liquor after reaction of NaOH
and Na;AlFg; (c) Solution of sodium aluminate

leaching, one solution is the product of reaction between
NaOH and Na3AlFg, and the other is sodium aluminate
solution.

It can be seen from Fig. 2 that there are same peaks
in spectra (a), (b) and (c) at about 625 cm ' which are
assigned to AI(OH)4 ion [12—14]. However, the intensity
of spectrum (a) is lower than that of spectra (b) and (c). It
can be explained that the presence of more ions in the
leaching solution diminishes the AI(OH), peak intensity
significantly. Moreover, there are two other peaks at
about 427 cm™' and 470 cm™' in spectra (a) and (b) in
Fig. 2, which are the characteristic peaks of Alz(OH)104_
and AI(OH)s’~ ions, respectively [15, 16]. The increase
of AI(OH), and OH concentration makes AI(OH)s’~
increase. The peak at 427 cm ' is attributed to the
forming of polymeric anions of Alz(OH)104_. Besides
reactions (1) and (2), A(OH)s>~ and AL(OH),,* ions
could be formed by reactions (3) and (4) according to
Ref. [17-22]:

Na;AlF¢+4NaOH=NaAl(OH),+6NaF (1)
ALOs+ 2NaOH+3H,0=2NaAl(OH), ()
Al(OH), +20H =AI(OH)¢’~ (3)
2Al1(OH), +20H =Al,(OH),,* 4)
3.2 Acidic leaching

As seen from Fig. 1(b), the obtained solid carbon
contains NaAl;;0;; and CaF, after NaOH leaching. For
further purifying solid carbon and recovering fluorides,
HCI leaching was carried out to separate carbon from
NaAl;;0;; and CaF,. In the HCIl leaching process,
NaAl;;O,7 is converted to soluble AICI; and NaCl, while
a part of CaF, is converted to CaCl, and HF by reactions
(5) and (6).

NaAl;,0,,+34HCI=NaCl+11AICL5+17H,0 (5)
CaF,+2HCI=CaCl,+2HF (6)

The solid carbon and acidic leaching solution were
obtained after filtering. And the acidic leaching solution
was kept to precipitate Na;AlFs.

3.2.1 Effect of L/S ratio

The carbon obtained from the alkaline leaching was
further leached in the acidic solution of 9.7mol/L HCI at
100 °C for 3 h. The L/S ratio varied in the range of 2—6.
The result of acidic leaching is shown in Fig. 3.

From Fig. 3, it can be observed that the leaching
rate increases from 83.2% to 96.2% when the L/S ratio
increases from 2 cm’/g to 4 cm’/g. After that, the
leaching rate keeps at a stable value of about 96%. This
indicates that the optimal L/S ratio is 4 cm’/g.

The XRD analysis of carbon after two-step leaching
is shown in Fig. 1(c). The impurities in this carbon were
determined by chemical analysis, and the results are



SHI Zhong-ning, et al/Trans. Nonferrous Met. Soc. China 22(2012) 222-227 225

shown in Table 5. The content of impurity elements is
reduced to a very low level, and the purity of carbon
reaches a very high level of 96.4%.
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Fig. 3 Influence of L/S on acidic leaching rate

Table 5 Impurities in carbon after two-step leaching (mass
fraction, %)

Na F Al Ca Mg
0.73 0.21 0.27 0.07 0.06

3.2.2 Effect of reaction temperature

In this tests, the carbon obtained from alkaline
leaching was leached in the solution of 9.7 mol/L HCI
for 3 h, and the L/S ratio was 6. The temperature was
varied in the range of 60—100 °C. The results of acidic
leaching are shown in Fig. 4.

From Fig. 4, it is concluded that increasing
temperature can increase the leaching recovery in the
temperature range of 60—90 °C; however, the leaching
rate almost does not change when the temperature
increases from 90 °C to 100 °C. So, the acidic leaching
temperature of 90 °C was chosen.

3.2.3 Reaction time

The tests were carried out in the solution of 9.7
mol/L HCl at 100 °C, and the L/S ratio was 6. The
reaction time was 20, 40, 60, 120, 180 and 240 min,
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Leaching temperature/°C
Fig. 4 Influence of reaction temperature on acidic leaching

respectively. The result of acidic leaching is shown in
Fig. 5.

The results indicate that the leaching rate reaches
about 97% after leaching for 180 min, and it does not
increase further when the leaching time prolongs to 240
min. So, the reaction time of 180 min was chosen for
acidic leaching process.
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Fig. 5 Influence of reaction time on acidic leaching

3.3 Precipitation of Na;AlF,

In the sodium aluminate solution, when the pH
value is less than 8, Al(OH); will precipitate. Therefore,
it should be avoided during the precipitation of Na;AlF;.
At high pH value, the aluminium ions are presented as
Al(OH),™ or [Alg(OH)]"".

When the solution containing H' ion obtained from
acidic leaching solution is added into the alkaline
leaching solution which is concentrated with Na" cation,
F~ anion and its complex anion (AIF, ™), sodium
aluminate will react with hydrofluoric acid according to
reaction (7) at a suitable pH value:

Al(OH), +4H +3Na'+6F =Na3AlFg|+4H,0 (7)

The experiments were performed to obtain the
optimal condition for the precipitation of Na;AlFs. The
results in Fig. 6 show that the highest precipitating rate
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Fig. 6 Precipitating rate of Na;AlFs vs pH value and
temperature
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of Na3;AlF, occurs at the pH value of 9 after reacting at
70 °C for 24 h.

The relationship of the precipitating rate of Na;AlF
with the precipitation time is shown in Fig. 7. It is
observed that the optimal precipitating time is 2 h, which
is an economical time for precipitating Na;AlF
(precipitating rate 95.6%). After filtration, the Na;AlF;
solid was confirmed by XRD analysis as shown in Fig. 8.
The purity of Na;AlFg is 97.0% according to chemical
analysis.
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Fig. 7 Effect of time on Na;AlF, precipitation

+—Na,AlF,

1 1 1 1

0 20 40 60 80 100
20/(°)

Fig. 8 XRD pattern of precipitation solid substance
4 Conclusions

1) When SPL containing Na;AlFs was dissolved in
excessive sodium hydroxide, AI(OH), was present.

2) In the first step of alkaline leaching, the purity of
carbon reached 72.7%, while the leaching rate was
65.0%.

3) In the second step of acidic leaching, NaAl;;Oy;
and CaF, were dissolved into the solution. The purity of
carbon was improved to 96.4% and the leaching rate was
96.2%;

4) Cryolite was precipitated from sodium aluminate
liquor at the suitable pH value of 9 at 70 °C, the

precipitating rate is 95.6%, and the purity of Naj;AlFs
obtained is 96.4%.
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