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Abstract

Leaching of black dross with HCI solution was conducted to find a suitable process to recover valauble materials. In this work,
the leaching behavior of the components was compared between black dross and the residues after water treatment. All the com-
ponents except TiO, in the black dross were dissolved by HCI solution in the experimental ranges. Treatment of the black dross
with water to recover the salts has negative effect on the leaching of Al,O3;, MgO and SiO,. The reactions occuring during the
leaching were discussed. At an optimum leaching condition of 3 M HCI and 90°C, the leaching percentage of Al,O3;, MgO and
SiO, was 85, 100 and 40%, respectively.
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1. Introduction The main components of black dross are salts, metallic
aluminum, alumina, silica, magnesium oxide, potassium

Black dross is resulted from secondary recycling and sodium chlorides. Moreover, the release of dangerous
process and contains 12 - 18% recoverable aluminum. gases such as ammonia, methane and hydrogen in contact
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with moisture from aluminum dross is harmful to the
environment). Due to increasing demand of aluminum
and environmental concern, the recovery of aluminum,
other metals and salts attracts much attention. In general,
hydrometallurgical process is employed for the recovery
of metals and salts from black dross owing to recovery
efficiency and process economics. Hydrometallurgical
leaching processes can be carried out either by alkaline?
or acid leaching?. Alkaline leaching of aluminum dross
followed by precipitation of aluminum hydroxide has
been reported in many literatures>*®). High leaching per-
centage of aluminum is obtained by alkaline leaching
but impurities such as silica and other metals are
dissolved together, leading to low purity of final pro-
ducts®®. In order to avoid co-dissolution of silica, other
metals and salts, acid leaching has been chosen as an
alternative™!%17,

Treatment of the black dross by water leaching is
first done at 90°C to dissolve salts. Sulfuric acid leaching
of the residue after water treatment has been tried to
produce aluminum sulfate. Other processes are proposed
to recover alumina by leaching with sulfuric acid
followed by heat treatment of the aluminum hydroxide.
The recovery of aluminum from black dross by two
steps has been proposed'). The leach solution obtained
from acid leaching contains about 93.2% of Al. Then,
precipitation of aluminum hydroxide is performed (pH
= 8) using NaOH solution. Subsequently, aluminum
hydroxide powders are calcined at 600°C to obtain v-
AlLO;. Upendra Singh et al.'® has used hydrochloric
and sulfuric acid solutions for leaching of metals in
black dross. High purity alumina (Al,O3 > 99.5%) is
recovered from the leaching solution after precipitation
and calcination. Liu Qingsheng et al.'¥ reported that
impurity metals in acid leaching can be removed by
ethylenediamine tetraacetic acid (EDTA) and water
washing. Then, NH;HCO; is added to the solution to

precipitate the aluminum.

It has been reported that hydrochloric acid is more
favorable than sulfuric acid on the basis of environmental
burden. In fact, few literatures have been reported on
employing hydrochloric acid for the recovery of aluminum
from black dross. A process has been proposed on the
recovery of Al from black dross by water treatment
followed by HCIl leaching (see Fig. 1) but the
experimental details on the leaching of other metals
except Al were not mentioned'®. In order to investigate
leaching efficiency of Al and other metals from black
dross, hydrochloric acid leaching was carried out in the
present work. Effects of reaction temperature and acid
concentration on the leaching behavior of metals from

black dross were investigated.

2. Experimental

The black dross supplied by a company in Korea
was used in this experiments without any treatment. A
small amount of metallic aluminum together with lots
of the salt-flux mixtures were main components in the
back dross. The composition of the black dross (particle
size lower than 100 pm) is represented in Table 1.

Leaching experiments were conducted by pouring 250
mL of HCI solution to a 2.5 L three- neck round bottom
flask equipped with a magnetic stir bar in heating mantle.
Teflon tape was also used to seal the outside joints of
the glassware to avoid evaporation loss. In leaching
experiments, pulp density of 120 g/l was employed and
the slurry was stirred with 200 rpm throughout the
leaching experiments. The slurry samples at desired time
intervals were taken and the solution was separated from
solids by using vacuum filtration. The concentration of
metals in the leaching solutions was measured by ICP-
OES (Spectro Arcos).

Table 1. The chemical composition of black dross

Element Fe Ca Al

Mg Na K Si Ti

Contents, wt.% 0.31 0.10 542

1.10 3.84 8.72 6.89 0.63
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3. Results and Discussion

3.1. Leaching of black dross with HCI without
water pretreatment

Effect of HCI concentration on leaching behavior was
studied in HCI concentration range of 1-5 M. All
experiments were carried out at pulp density of 120 g/L,
stirring speed of 200 rpm and 2 h leaching time. The
reaction temperature was varied from 25°C to 90°C. The
leaching behavior of metals is shown in Figs. 1-4. HCI
concentration and reaction temperature affected a little
the leaching behavior of metals except Ti. Most of Fe,
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Fig. 1. Recovery of metals from black dross after pre-
treatment with water by HCI leaching'”.
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Fig. 2. Effect of HCI concentration on the leaching percent-
age of metals from black dross without water pre-
treatment at 25°C (reaction time, 2 h; stirring speed,
200 rpm; pulp density, 120 g/L).
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Al, Mg, Ca, K, Na and Si were leached at any HCI
concentration and reaction temperature. The leaching
percentage of Ti steadily increased from around 30%
to 65% with increase of HCI concentration from 2 to
5 M (see Figs. 2-5). The difference in leaching percentage
of Ti was small when the reaction temperature increased
from 25 to 90°C.

Fe, Mg, Ca, K and Na exist as salts in black dross
and thus they can be easily dissolved by HCI solution'®.
The leaching reactions between Al,O3/Ti,O and HCI are
represented in Egs. (1) and (2)*”. Dissolution of NaCl
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Fig. 3. Effect of HCI concentration on the leaching percent-
age of metals from black dross without water
pretreatment at 50°C (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).
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Fig. 4. Effect of HCI concentration on the leaching percent-
age of metals from black dross without water
pretreatment at 75°C (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).
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Fig. 5. Effect of HCI concentration on the leaching percent-
age of metals from black dross without water
pretreatment at 90°C (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).

and KCI salts resulted in an increase in the concentration
of chloride ion in which circumstances Al,O; can be
dissolved by Eq. (3)*). Eq. (3) indicates that the
dissolution of alumina would be favored as pH decreases.
Egs. (1)-(2) can explain the dissolution of alumina in
the HCI concentration range employed in this work and
the leaching percentage of Ti increased as HCI concen-
tration increased from 2 to 5 M. In addition, the presence
of Fe in black dross was the main reason to enhance
the leaching percentage of Ti. In aqueous solution, Ti
(IV) can be reduced to Ti (III) by iron®® and possible
chemical reaction is represented as Eq. (4). TiO, is
predominant in alkaline solution or moderate HCI
concentration, while TiOCl, is formed in the concentrated
HCI solution (see Eq. (2)). The formation of TiOCl, in
HCI solution and the presence of Fe may be responsible
for the enhancement of leaching percentage of Ti in
the present study.

2AL0O; + 6HCI = 2AICl; + 3H,0 )
TiO, + 2HCI = TiOCl, + H,O ®)
AlLO; + 2CI" + 3H,0 = 2AI(OH),Cl + 20H"  (3)
2Ti*" + Fe = 2Ti%" + Fe?* )

High leaching efficiency obtained from the present
study might be related to the breaking of silicon—oxygen
bonds. The oxygen atoms react with the silicon to form
the anionic species SiO,*” ?*. During leaching process,

H" ions form the activated complex at the SiO,* sites.
The formation of these activated complexes during the
breaking of the critical bonds with surface atoms is a
possible reason why silicon were leached by HCI solu-
tion. Tanaka and Takahashi® also indicated that the
concentration of dissolved silica in aqueous sodium
chloride strongly depend on concentration of sodium ion.
Therefore, it might be said that the presence of H" and
Na' in leaching solution can promote the dissolution of
silica from black dross. The obtained results indicated
that all metals were dissolved by weak HCI solution
and thus other methods should be employed to selectively
dissolve Al and Mg in the black dross in further

experiments.

3.2. Leaching of black dross with HCI after water
pretreatment

In order to improve the leaching efficiency and prevent
contamination of leach liquor from the soluble salts>>,
pretreatment of black dross was carried out in some
reports?>?7-?®)_ For the purpose of removing salts and
selective leaching of target metals, leaching of black
dross was conducted by two consecutive steps. Black
dross was firstly leach by water to remove soluble salts
and then the residue was leached by HCI solution.

The leaching with water was conducted by adding
250 g of black dross to 2.5 L water at 90°C for 2 h
under stirring speed of 300 rpm. The obatined results
showed that most of K, Na, Ca and Fe from black
dross were dissolved by water, while the leaching
percentage of Al, Si, Mg and Ti was negligible in the
same condition. The residue after water pretreatment is
used for further acid leaching experiments. The effects
of HCI concentration (1-5 M) and reaction temperature
(25-90°C) on leaching percentage of Al, Mg, Si and Ti
was investigated under the stirring speed of 300 rpm
for reaction time of 2 h. The obtained results are presented
in Figs. 6-9. Most of Mg was dissolved in HCI solution
at any reaction temperature, indicating that Mg exits as
MgO in black dross so it was not dissovled in water
leaching process. The leaching reaction of Mg by HCI
solution is shown in Eq. (5)*”. Reaction temperature
affected slightly the leaching percentage of Al accoring
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Fig. 6. The effect of HCI concentration on the leaching
percentage of metals from black dross with water
pretreatment at 25°C (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).
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Fig. 7. The effect of HCI concentration on the leaching
percentage of metals from black dross with water
pretreatment at 60°C. (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).

to Figs. 6-9. Whilst, leaching behavior of Al sharply
rose with the increase of HCl concentration from 1 to
5 M. In the case of Si and Ti, the leaching percentage
of Ti and Si was low in HCI solution. No Ti was dissolved
when HCI concentration was lower than 3 M and the
leaching percentage of Ti increased slightly with the
further increase of HCI concentration.

Comparing to the results obtained from black dross
without water treatment, the leaching efficiency of Al,
Si and Ti from the black dross after water treatment
was much lower. Because most NaCl and KCI salts
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Fig. 8. The effect of HCI concentration on the leaching
percentage of metals from black dross with water
pretreatment at 80°C. (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).
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Fig. 9. The effect of HCl concentration on the leaching
percentage of metals from black dross with water
pretreatment at 90°C. (reaction time, 2 h; stirring
speed, 200 rpm; pulp density, 120 g/L).

were removed by water leaching, the sodium and chloride
ion concentration in HCI leaching solution was not high
and thus Eq. (3) might not occur?". It has been reported
that the concentration of the dissolved silica decreased
with the decrease of sodium ion concentration®®. It can
be concluded that low leaching percentage of Al and
Si from black dross after water treatment might be
ascribed to low concentration of sodium and chloride
ion in the residue. In the case of Ti, the lower leaching
percentage of Ti can be explained by the absence of
Fe in the black dross after water treatment. Based on
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the obtained results, 3 M HCI at 90°C was suggested
as an optimum condition for the leaching of Al and
Mg from black dross after water treatment.

MgO + 2HCI = MgCl, + H,0 5)
4. Conclusions

The leaching of back dross in hydrochloric acid
solution was investigated as a function of hydrochloric
acid concentration (1-5 M) and reaction temperature
(25°C-90°C). Most of Al, Mg, K, Na, Ca and Fe from
black dross without treatment were dissolved in HCI
solution at any temperature, while the leaching percentage
of Ti increased to around 70% with the increase of
HCI concentration. During the treatment of the black
dross with water, most of the salts were dissolved at
90°C. The leaching of residue containing Al, Mg, Si
and Ti using HCI solution indicated that the absence
of salts and iron in black dross after water treatment
suppressed the leaching percentage of Al, Si and Ti.
The leaching percentage of Al increased with the increase
of HCI concentration but reaction temperature did not
have a significant effect. The optimum condition for
leaching of Al and Mg from black dross after treatment
by water was found to be 3M HCI and 90°C.
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