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요 약

블랙드로스에는 금속 알루미늄, 알루미나, 실리카, 산화마그네슘, 가용성 염 및 미량 성분이 함유되어 있다. 블랙드로스를 사용가

능한 재료로 전환시키기 위해서는 실리카의 양을 조절하는 것이 중요하다. 먼저 가용성 염인 염화나트륨과 염화칼륨은 50oC에서 물

에 용해되었다. 물세척 후 잔사에 함유된 실리카, 알루미나, 산화마그네슘 및 산화타이타늄의 침출거동을 NaOH의 농도와 반응온도

를 변화시키며 조사하였다. 반응온도 25~95oC에서 알루미나의 침출율은 온도에 비례하나 실리카의 침출의 경우에는 최적 온도가

존재하였다. 한편 2~6 M의 NaOH용액에 산화마그네슘은 전혀 용해되지 않았다. 5 M의 NaOH와 95oC에서 알루미나와 실리카의 침

출율은 각각 80과 68%이었다. 

주제어 : 블랙드로스, 알루미나, 실리카, 침출, 수산화나트륨

Abstract

Black dross contains metallic aluminium, alumina, silica, MgO, soluble salts together with minor ingredients. Control of silica

in black dross is important in transforming the black dross into usable materials. First, most of the soluble salts (KCl and NaCl)

in black dross were dissolved in water at reaction temperature of 50oC. Leaching behavior of silica, alumina, MgO and TiO2

from the residue after water treatment was investigated by varying NaOH concentration and reaction temperature. Reaction tem-

perature (25~95 oC) was favorable to the leaching of alumina but an optimum temperature existed for silica. MgO was not dis-

solved at all in the NaOH concentration range from 2 to 6 M. At the leaching condition of 5 M NaOH and reaction temperature

of 95oC, approximately 80% of alumina and 68% of silica was dissolved. 
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1. Introduction

Aluminum dross is a name for the mixtures of

aluminum metal and aluminum oxide together with other

components. Three kinds of drosses (white dross, black

dross and slat) are produced during the melting of

aluminum scraps and used beverage cans owing to

oxidation of aluminum. The approximate composition

of metallic Al, Al2O3 and salt in each dross is listed

in Table 11-3). The salt generally consists of chlorides.

The disposal of black dross results in several toxic gases

such as hydrogen and ammonia and thus in serious

pollution of the environment4).

In general, black dross is produced from the melting

of white dross to recover the aluminum metal in white

dross. Since there are some aluminum metals in the

black dross, lots of work has been done to recover the

aluminum metal from the black dross. Moreover, many

methods were investigated to transform the hazardous

materials in black dross into green materials for the use

in construction by adding some agents5-8). Table 2

represents several methods with the advantages and

disadvantages to treat the black dross. Among the

methods listed in Table 2, aqueous chemical processing

method can recover aluminum metal and aluminum

oxide. Since black dross contains alumina and silica

together with other minor ingredients, control of the

amount of silica and minor oxides is important in

recovering some materials from the black dross. 

Silica and alumina can form various aluminosilicates

in presence of potassium and sodium ions and thus the

structure and chemical properties of the silica and alumina

in black dross depend on the melting conditions and

the treatment methods. For example, thermal treatment

prior to leaching can improve the dissolution of alumina

owing to the destruction of crystalline mullite phase

(3Al2O3·2SiO2) releasing Al2O3 to be easily leached9,10).

In leaching, increase of the reaction temperature is

efficient in promoting the dissolution of Al and Si

contained in the materials. Chengyou Wu et al.11) reported

that leaching percentage of Al from coal fly ash with

sulfuric acid under the pressure at 180oC for 4 h was

around 80% and pure alumina was recovered from the

leaching solution. A. Shemi et al.12) obtained 64% and

85% of aluminum are leached using sulfuric acid solution

and acetylacetone, respectively after almost 8 h leaching.

Some researchers13-15) reported the use of strong sulfuric

acid to dissolve around 90% of Al from aluminum dross.

However, gelatinous silica can be formed from the

dissolution of silicates with strong acidic solution, which

makes the filtration after leaching troublesome during

the leaching treatment of black dross16).

In contrast, the use of alkaline solution can circumvent

the formation of gelatinous silica during the treatment

of black dross at high temperatures. P. E. Tsakiridis et

al.17) reported that 57% of Al was recovered from black

dross by alkaline pressure leaching at 240oC followed

by water washing. Furthermore, some salts such as

Ca(OH)2, NaAl(OH)4 and (NH4)2SO4 were added to

improve the dissolution of Al at high reaction temper-

ature. The disadvantage of employing strong alkaline

solution at high temperature is the corrosion of reaction

Table 1. Approximate composition of Aluminum by-products

% metallic Al % Aluminum oxide % salt

White dross 15-80 20-85 0-1

Black dross 7-35 30-50 30-50

Salt cake 3-10 20-60 20-80

Table 2. Advantages and disadvantages of the processes for the treatment of Aluminum dross

Advantages Disadvantages

Melting
− Avoidance of thermal or chemical processing

− Creation of dusts

− Production of a reactive materialCrushing/grinding

Aqueous chemical 

processing
− Energy saving

− Difficulty in controlling the quality of final product

− Treatment of off-gas

− Process complexity
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vessel at these severe conditions10,18,19).

The present work investigated the possibility of

controlling the amount of silica in black dross by aqueous

treatment method. Since there are some salts in black

dross, the black dross was first treated by water to recover

the salts. After the dissolution of salts by water, the

leaching percentage of silica, alumina and other minor

ingredients in black dross was investigated by varying

both the reaction temperature and NaOH concentration. 

2. Experimental

2.1. Materials

The black dross employed in this work was supplied

from a company in Korea. The major components of

the black dross were Al2O3, MgO, NaCl and KCl. In

addition, there were some base metallic elements such

as Al and Mg, the presence of which was manifested

in the x-ray diffraction (XRD) patterns in Fig. 1. Since

the weight of Mg metal in the black dross is generally

very small, it is very difficult to determine the existence

of metallic Mg in the residue by XRD. Table 3 shows

the main chemical composition of the black dross deter-

mined by inductively coupled plasma-optical emission

spectrometer OPTIMA 8300 (ICP-AES, Perkin Elmer,

USA). 

2.2. Experimental Procedure

The black dross was put into the leaching solution

in a 250 ml three-neck flat bottom beaker on the hot

plate. During all the experiments, the experimental setting

was kept closed by the covers to prevent the loss of

the solution, and the mixed solution was stirred well

by magnetic stirrer bar. After the leaching experiments,

the residue was separated from the solution with the

Bucher filter and then dried in the oven. The leaching

percentage of component A was calculated by using

Eq. (1). 

Leaching percentage of A 

= × 100%  (1)

where WA, initial and WA, residue represent the weight of

A in the materials before and after the leaching experi-

ments. 

Fig. 2 shows the experimental procedure employed

in this work to investigate the leaching behavior of the

components in the black dross. 

3. Results and Discussion

3.1. Pretreatment of Al black dross by water

There are large amounts of soluble salts in the black

dross. These salts should be recovered for further use

in the treatment of the black dross. Therefore, the black

WA, initial WA, residue–

WA.initial

---------------------------------------------

Fig. 1. XRD pattern of the black dross provided by a

company in Korea.

Fig. 2. The experimental procedure for the treatment of the

black dross. 

Table 3. The chemical composition of Al dross provided by

a company in Korea (wt%)

Element Fe Ca Al Mg Na K Si Ti

Contents 0.31 0.10 5.42 1.10 3.84 8.72 6.89 0.63
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dross was first pretreated by distilled water to recover

most of soluble KCl and NaCl and thus to lessen the

consumption of leaching reagents13).

The effect of reaction temperature on the dissolution

of soluble salts is shown in Table 4. The experimental

conditions were set as follows, reaction time, 2 h; stirring

speed, 200 rpm; pulp density, 100 g/L. It is seen in

Table 4 that the increase in reaction temperature had a

slight effect on the dissolution of NaCl and KCl. Table

4 indicates that the dissolution percentage of soluble

salts was almost constant in the temperature range from

50 to 90oC and thus it is better to do the pretreatment

at temperatures lower than 50oC. Many bubbles were

produced during the treatment with distilled water. The

production of the bubbles may be related to the dis-

solution of Mg in water, producing hydrogen gas (Eq.

(2)) together with some other gases due to the high

temperature solution4). Eq. (2) represents the dissolution

of Mg in water which does not contain dissolved oxygen.

Mg + H2O = Mg(OH)2,solid + H2(g)  (2)

After the treatment of the black dross with water, the

residue was crushed for further leaching experiments with

NaOH solution. Compared to the composition of black

dross (Table 3), 95% of K and 86% Na were dissolved

from the dross by water treatment. From the XRD

patterns of residue (see Fig. 3), the main ingredients of

the residue after water treatment were found to be Al2O3

and MgO. Table 5 shows the chemical composition of

the residue with different particle size. Generally, the

small particles have larger specific surface area and are

favorable for the dissolution of black dross. Therefore,

the residues with particle size less than 100 µm were

employed in the NaOH leaching experiments. 

3.2. Leaching of the residue with NaOH solution

Generally, increasing the reaction temperature and

solution concentration could increase the activity of the

reactants and thus facilitate the reaction. For this reason,

effect of reaction temperature on the leaching of the

ingredients in the residue was investigated by varying

NaOH concentration from 2 to 6 M and the results are

shown in Figs. 4 to 8. In these experiments, the reaction

time, stirring speed and pulp density were 2 h, 200

rpm and 120 g/L, respectively. 

Fig. 4 shows that the leaching percentage of alumina

increased a little as reaction temperature increased from

25 to 65oC and then was almost constant at 80% with

further increase of temperature. Nevertheless, the leaching

percentage of silica decreased slowly and remained at

60% in the reaction temperature employed in this work.

Therefore, it is known that reaction temperature had not

a remarkable effect on the dissolution of silica and

alumina from the residue. Although, there was some

fluctuation in the leaching percentage of TiO2, no Mg

Table 4. The change in the mass of the components in the

black dross during the treatment with H2O

Temperature, oC 30 50 70 90

Material, g 80.00 80.15 80.15 80.00 80.00 80.00

Residue, g 46.00 50.09 49.78 49.82 49.79 49.00

Dissolution percentage 

(%)
57.5 62.5 62.1 62.3 62.2 61.3

Table 5. The chemical composition of black dross after

water leaching                                  (Unit: wt.%)

Element Fe Ca Al Mg Na K Si Ti

< 100 µm 0.42 0.21 13.0 0.60 0.21 0.41 0.42 1.16

100~200 µm 0.27 0.01 8.05 0.04 0.16 0.26 0.62 1.18

200~300 µm 0.24 0.07 7.03 0.06 0.48 0.34 1.43 0.96

300~500 µm 0.39 0.04 24.7 0.05 0.38 0.12 1.52 0.61

750 µm 0.27 0 34.7 0 0.19 0.11 5.76 0.04

Fig. 3. The XRD pattern of black dross after water treatment.
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was dissolved from the MgO in the balck dross. The

formation of insoluble Mg(OH)2 in alkaline solution is

the cause of negligible dissolution of MgO from the

balck dross. 

Fig. 5 is the leaching results with 3 M NaOH solution.

Compared to 2 M NaOH solution, the leaching percentage

of silica increased a little to 70%. In the case of alumina,

its leaching percentage decreased a little, which might

be ascribed to the interaction between SiO3
2− and

Al(OH)4
− 20,21). The leaching behavior of TiO2 and MgO

at this condition was similar to that at 2 M NaOH

solution.

When 4 M NaOH solution (see Fig. 6) was employed,

as the reaction temperature increased, the leaching

percentage of alumina decreased from 90% to 75% and

then remained constant at 65oC. The leaching percentage

of silica increased a little as the reaction temperature

increased to 95oC. However, with the further increase

of NaOH concentration, the leaching percentage of silica

decreased little owing to the interaction of dissolved

silica with either Al(OH)4
− 22) or other metal ions, such

as Ca2+, Mg2+, Na+ and thus left in the residues. At

this leaching condition, the formation of gelatinous silica

was observed, which might be ascribed to the reaction

between Si(OH)4 and Al(OH)3. The solution was viscous,

which had negative effect on the leaching of the

ingredients in the black dross owing to the decreased

mass transfer coefficients6,23).

Fig. 7 displays the effect of reaction temperature on

the leaching of alumina and silica with 5 M NaOH

solution. The leaching percentage of alumina increased

a little as the temperature increased and remained constant

from 65oC. However, 65% of silica was dissolved into

the solution and kept a constant at all conditions. When

the NaOH concentration was increased to 6 M (see Fig.

8), the leaching percentage of alumina was 80% and

Fig. 4. The effect of reaction temperature on the leaching

percentage of the components in black dross by 2 M

NaOH solution. (reaction time, 2 h; stirring speed,

200 rpm; pulp density, 120 g/L)

Fig. 5. The effect of reaction temperature on the leaching

percentage of the components in black dross by 3 M

NaOH solution. (reaction time, 2 h; stirring speed,

200 rpm; pulp density, 120 g/L)

Fig. 6. The effect of reaction temperature on the leaching

percentage of the components in black dross by 4 M

NaOH solution. (reaction time, 2 h; stirring speed,

200 rpm; pulp density, 120 g/L)
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kept a constant as the temperature increased. Nevertheless,

the leaching percentage of silica decreased steadily. In

strong NaOH solution, complex hydrated silicates could

be formed and precipitated, which would have negative

effect on the leaching of silica from the black dross16).

From the leaching experiments of the residue by vary-

ing the concentration of NaOH and reaction temperature,

it was found that the formation of aluminosilicate glass

and zeolite affected the leaching of silica and alumina

from the residue22). Moreover, the presence of Na+ and

K+ in the leaching solution would facilitate the crystalli-

zation of zeolite in the NaOH solution and thus lower

the leaching percentage20). Therefore, it is very important

to recover the salt in the black dross by water washing.

Meanwhile, at all the experimental conditions of NaOH

concentration (2 to 6 M), all the Mg was not dissolved

and left in the residue. Although there was not distinct

relation between reaction conditions and the leaching

percentage of TiO2, some Ti was dissolved into the

solution. The adherence of some TiO2 to the black dross

may cause the fluctuations in the leaching percentage

of TiO2 with reaction temperature. 

4. Conclusions

In order to control the amount of silica in the black

dross, leaching experiments were performed with the

residue which was obtained by washing treatment with

water. In the treatment of the black dross with water,

most of the salts (NaCl and KCl) were dissolved at

temperatures lower than 50oC. The effect of reaction

temperature and NaOH concentration on the dissolution

of alumina, silica, MgO and TiO2 in the residue was

investigated. MgO was not dissolved at all in the experi-

mental conditions tested in this work. Alumina and silica

were dissolved into NaOH solution. The leaching percent-

age of alumina was proportional to reaction temperature

but there was an optimum reaction temperature for the

dissolution of silica. At the optimum condition of 5 M

NaOH solution and reaction temperature of 95oC, the

leaching percentage of alumina and silica was around

80% and 68%, respectively.
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