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ABSTRACT Secondary aluminum dross is a typical hazardous solid waste unavoidably generated during aluminum production and
processing. However, it contains not only a large amount of aluminum nitride (AIN), chlorine salts, fluoride, and other hazardous
substances but also about 40% (mass fraction) of aluminum, making it a potential aluminum resource with remarkable utilization value.
The annual output of secondary aluminum dross in China has estimated to be over 3 million tons based on the aluminum production in
2023. This amount will continue to rise as the amount of recycled aluminum increases. Disposal of secondary aluminum dross has
become a problem restricting the development of the aluminum industry. This study reviews the sources and characteristics of secondary
aluminum dross, as well as the research progress on the harmless and resourceful utilization of this dross. Moreover, it discusses the
future development direction of secondary aluminum dross disposal. The research results show that the pyrometallurgical process
focuses on achieving large-scale utilization of secondary aluminum dross with high processing efficiency, with the common end products
being cement, refractory materials, calcium aluminate-refining agents, and ceramic heat storage balls, among others. However, owing to
the considerable volatilization of salts, the pyrometallurgical process suffers high energy consumption, serious corrosion of equipment,

and heavy restrictions on the composition of the raw materials. In contrast, the hydrometallurgical process focuses on achieving harmless
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utilization of secondary aluminum dross, representing an environmentally friendly and more inclusive detoxification of raw materials.
However, the acid and alkali leaching process suffers a large amount of waste liquid discharge, and the water leaching process results in
only incomplete removal of AIN, which requires further disposal. Efficient detoxification and large-scale, high-value utilization of
secondary aluminum dross can not only eliminate the potential environmental risks caused by stockpiling of hazardous solid wastes but
also realize the maximum utilization of aluminum resources; this is of great importance for the ecological environment and healthy
development of the aluminum industry. We recommend that secondary aluminum dross be resourced according to its salt content and
categorized for disposal. Low-salt secondary aluminum dross can be directly discarded via the pyrometallurgical process. High-salt
secondary aluminum dross can be pretreated via the hydrometallurgical process to remove salts and most of the nitrogen, after which the
pyrometallurgical process can be employed to realize high utilization of the dross. Meanwhile, the utilization of secondary aluminum
dross in high value—added materials such as calcium aluminate-refining slag, ceramic heat storage balls, and refractory materials is
strengthened. Without compromising product quality, the proportion of secondary aluminum dross should be added to the greatest
possible extent for maximum utilization of valuable elements in the dross. Furthermore, gases such as H,, CH,, and NH; are unavoidably
generated during the hydrometallurgical process; these gases serve as a valuable by-product as well as a potential risk. Hence, methods
for regulating the generation of these gases in a targeted manner and efficiently recycling them are also a future direction of study.

KEY WORDS secondary aluminum dross; harmlessness; resourcefulness; pyrometallurgical; hydrometallurgical
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Table 1 Composition of secondary aluminum dross from manufacturers in various regions of China (mass fraction) %
No. T-Al M-Al (0} N Si Cl F K Na Mg Ca C Others
1 40.8 52 40.5 3.4 59 1.0 3.0 0.2 2.6 0.6 1.3 — 0.7
2 46.2 8.9 32.0 7.0 3.0 3.1 1.6 1.0 2.0 3.1 0.7 0.3 —
3 383 10.4 328 6.5 1.1 8.4 2.0 35 43 1.8 0.5 — 0.8
4 15.7 2.7 17.7 3.1 1.3 31.9 1.8 6.4 18.5 1.1 1.0 0.1 1.4

Note: T-Al is all-aluminum, M-Al is metallic aluminum.

F2 R SRR

Table 2 Removal of chloride salts from secondary aluminum dross!'®'%2>~3!!

Removal rate Removal rate Removal rate

Methods Lis e f/min for Cl/% for Na/% for K/% Ref.

Roasting with CaO 1400 120 95.9 95.3 99.5 [18]
Roasting with Na,CO; or CaO 1150 60 95.4 [25]
Water leaching 1.5 80 300 99.5 71.9 70.8 [26]

Water leaching 10 90 480 98.4 [27]

NaOH leaching (4%) 6 95 180 95.6 [28]
HCl leaching, pH 4 6 60 480 99.0 [29]
Carbonic acid leaching 20 18 180 ~95.0 95.6 95.9 [30]
Carbonic acid leaching 6.25 20 60 80.1 81.4 [31]
Anhydrous ethanol leaching 20 25 40 ~80.0 ~80.0 ~80.0 [16]

Note: L/S is the liquid-solid ratio, 7T is the temperature, and ¢ is the reaction time, the % in the first column of the table indicate mass fraction.
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Table 3 Removal of nitrogen from secondary aluminum dross!'7*¢?%33]
Methods L/S 7/°C t/min Removal rate/% Ref.
Direct roasting 850 60 87.4 [34]
Roasting with CaCl, (3%) 1300 240 ~ 100 [35]
Roasting with Na;AlF¢ (17.7%) 750 194 94.7 [36]
Roasting with CaO (40%) 900 300 85.3 [37]
Roasting with Na,CO; (60%) 1000 240 91.3 [37]
Water leaching 10 75 300 39.6 [38]
Water leaching 1.5 80 300 84.8 [26]
Na,CO; leaching (5%) 40 80 240 94.1 [39]
Na,COj leaching (10%) 10 60 240 82.3 [38]
NaOH leaching (4%) 10 60 240 95.5 [38]
NaOH leaching (4%) 6 95 180 96.2 [28]
NaOH leaching (1.6 mol-L™") 12 80 30 40.0 [17]

Note: All % in the first column of the table indicate mass fraction.
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Table 4 Treatment of fluoride in secondary aluminum dros:

18,27-29,36,41
Sl - ,36,41]

Methods L/S T/°C t/min Removal rate/% Fixation rate/% Ref.
Roasting with CaO 1400 120 16.7 83.3 [18]
Roasting with CaCl, (3%) 1300 240 79.2 [36]
Water leaching 10 90 480 93.4 [27]
NaOH leaching (4%) 6 95 180 69.2 [28]
NaOH leaching (10%) 4 80 20 95.8 [41]
HCl leaching, pH 4 6 60 480 87.7 [29]

Note: All % in the first column of the table indicate mass fraction.
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Table 5 Studies on resource utilization of secondary aluminum dros:

§l14.46.48-62]

Products Methods 7/C t/min Ref.
Aluminum oxide powder Direct roasting 1150 120 [48]
Aluminum oxide powder NH4HSO, roasting, water leaching 400 90 [49]
Aluminum oxide powder Alkali roasting, leaching 1000 120 [50]
Refractory materials Roasting with CaO, MgO 1500 180 [51]
Magnesium—aluminum spinel Roasting with MgO 1400 180 [52]
Free-burning brick water leaching, pressing and molding with lime and cement 25 [53]
Composite ceramics Sintering with rutile 1300 360 [54]
Porous ceramics Ball milling—leaching, roasting 1400 120 [55]
Ceramic heat storage ball Sintering with kaolin 1400 180 [46]
Calcium aluminate Roasting with CaO 1400 120 [14]
Calcium aluminate Water leaching, roasting with CaO 1600 60 [56]
Calcium aluminate Roasting with CaO (argon gas protection) 1450 120 [57]
Zeolites NaOH reactor synthesis 720 80 [58]

Zeolites NaOH molten 1440 80 [59]

Polymeric aluminum chloride Acid dissolution, polymerization 85 420 [60]
Polymeric aluminum chloride Water washing, acid leaching, polymerization 85 120 [61]
Hydrogen Alkali leaching 40 90 [62]
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