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Fig. 1 Schematic diagram showing primary aluminum production and origins of dross®™
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Table 1 Types and composition of aluminum dross

Mass fraction/%

Type

Al AlLO, AIN Salt flux
PAD 15-80 20-85 <5 <5
SAD 5-10 50-65 15-30 30-50

ALC,. AIP. ALS,F1 ALON 25 i 4338 /K BE i NH,
CH,« PH;. H,SZ%FAAN, i pe s MRS 4L,
SN A (D~(S)FT7R -

AIN(s)+3H,0()=AI(OH),(s)+NH,(g) (1)
Al,C,(s)+12H,0(1)==4A1(OH),(s)+3CH,(g) 2)
AlP(s)+3H,0(1)=AI(OH),(s)+PH,(g) 3)
ALS,(s)+6H,0()=2Al(OH),(s)+3H,S(g) 4)

2AL0,N(s)+3H,0(1)=5A104(s)+2NH,(g) (5)
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Fig. 3 Schematic diagram of oxide layer separation by
salt flux!'?: (a) Contact of molten salt with oxide layer;
(b) Corrosion of oxide at boundaries and chlorine

penetration to oxide/aluminum interface; (c) Oxide

separation in molten salt; (d) Aluminum droplets
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Fig. 4 Schematic diagram of rotary salt furnace process!'?
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Table 2 Characteristics of salt-free processes
. Temperature/ Recovery
Technology Feature Advantage Disadvantage . Atmosphere Country
C rate/%
Hot aluminum dross  Low cost, less
. . . . Low recovery
Press is extruded by slag  impurity, simple ; - - 60 USA
rate
extrusion machine equipment
Plasma torch is used
Complex
to heat gas, then
. . system, by-
high-temperature High recovery .
Alcan o ) product output, 800 Air or N, 85 Canada
gas is injected into rate, low loss .
high gas
furnace to heat )
. consumption,
aluminum dross
Aluminum and
alumina in hot Environment-
. . Only for hot . .
ECOCENT  aluminum dross are friendly, no ; - Air - Austria
aluminum dross
separated by need to heat
centrifuge
Low
. Complex
Graphite electrode temperature, .
system,
DROSCAR  DC arc is used to low cost, high 4 660 Ar 80 Canada
. cumbersome
heat aluminum dross  recovery rate, .
. . operation
high efficiency
Fuel is used to heat )
. Good operating . . Denmark,
aluminum dross and . High cost, high .
ALUREC environment, o 1000 Air or O, 70 Sweden,
control atmosphere dust emission
) easy to control Germany
in furnace
Hot aluminum dross . High
. . No heating .
PyroGenesis  is added to rotary . requirements
required, low ] - Ar 60 Canada
DROSRITE furnace to separate ) for operating
0ss
molten Al environment
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Fig. 5 XRD patterns of different secondary aluminum
dross: (a) Chiping aluminum dross I; (b) Chiping aluminum
dross II; (¢) Linyi aluminum dross; (d) Zouping aluminum

dross
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Table 3 Experimental parameters of cement production from SAD

Cement . Amount of  Calcination Compressive strength/
Raw material Reference

type SAD/%  temperature/'C MPa

PC SAD/Limestone/Clay/Siltstone/Copper slag 0.63 - 31.8(3 d)/61.5(28 d) [28]
PC SAD/Limestone/Ore sand/Siltstone/Bauxite 4 1450 40(7 d)/55(28 d) [29]
AC SAD/Limestone/Bauxite/Fly ash 3.5 1420 54.1(1 d)/67.1(3 d) [30]
AC SAD/Sludge/Al,O, 37.5-48.75 1500-1550 - [31]
SAC SAD/Bauxite/Limestone/Gypsum/Fly ash 5 1320 5.3(3 d)/70.1(8 d) [32]
SAC SAD/Fluorine gypsum/Fly ash 45.53 1250 49.3(28 d)/43.3(90 d) [33]
SAC SAD/Phosphogypsum/Fly ash 27.5 1270 83(3 d)/112(28 d) [34]
SAC SAD/Carbide slag/Red mud/FGD gypsum 16.81 1250 78.9(3 d)/94.4(28 d) [35]
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Table 4 Experimental details of different hydrometallurgical routes

Leaching . Solid- Leaching Leaching Leaching rate/
. Concentration o . . . References

solution liquid ratio temperature/ C time/h %

HCI 1:5 75 2 Al 22 [36]

HCI 0.05 g/mL 85 2 AlLO, 98 [37]

HCI 4 mol/L 100 4 Al,O, 71 [38]

HCl 1:4 100 8 Al(OH), 98 [39]
H,SO, 20% 80 3 Al91.5 [40]
H,SO, 50% 90 1 AlLO; 95 [41]
NaOH 0.08 g/mL 250 3 AlL,0, 98.6 [42-43]
NaOH 1:5 100 0.5 Al,0,93.26 [44]
Na,CO, 1:4 60 1 Al 85.54 [45]
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Table 5 Experimental parameters in removing harmful components from aluminum dross

Process  Solid-liquid o Treatment  Treatment Removal Leaching
Method ] xidizer . . . Reference
type ratio temperature/'C  time/min  rate/% rate/%
. . AIN
Distilled water Hydrolysis 1:10 - 90 480 18.12 - [47]
. . AIN
NaOH Hydrolysis 1:10 - Boiling 240 - [47]
99.76
. AIN
Na,CO, Hydrolysis 1:40 - 80 240 - [47]
94.14
. AIN
Muffle furnace Roasting - Na,CO, 1000 300 %6.12 - [47]
. AIN
Muffle furnace Roasting - Na,O, 700 300 - [47]
90.24
. AIN
Muffle furnace Roasting - CaO 900 300 - [48]
85.25
. AIN
Muffle furnace Roasting - Na,AlF, 750 194 94.71 - [49]
Rotary kil Roasti 1100 300 AIN [47]
otary kiln oastin - - -
i £ 80.64
Rotary kiln Roasting - - 800 60 AIN 93.8 - [50]
CO, saturated i
. Hydrolysis 1:20 - 18 300 - Na 95.6 K95.9 [51]
solution
. . C199.02
Distilled water Hydrolysis 1:6 - 60 480 - [52]
F 87.68
. HF excess
HF Hydrolysis - 95 300 - F87.5 [53]
10%
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Research status of aluminum dross resourceful and
harmless utilization processes

SUN De-qiang, WANG Xu-jiang, LI Jing-wei, WANG Wen-long, MAO Yan-peng

(School of Energy and Power Engineering, Shandong Engineering Laboratory for Solid Waste Green Materials,
Shandong Key Laboratory of Energy Carbon Reduction and Resource Utilization,
Engineering Research Center of Environmental Thermal Technology of Ministry of Education,
National Engineering Laboratory for Reducing Emissions from Coal Combustion,
Shandong University, Jinan 250061, China)

Abstract: Aluminum dross is a harmful solid waste discharged from the process of aluminum electrolysis,
processing and regeneration. The annual emission of aluminum dross in China is more than 3 million tons, 90% of
which is treated by landfill, causing serious environmental problems. Under the urgent need of green and low-
carbon cycle development in China, it is urgent to promote the resourceful and harmless utilization of aluminum
dross. At present, the primary aluminum dross recycling technology mostly adopts pyrometallurgical routes, and
the secondary aluminum dross recycling technology mostly adopts pyrometallurgical routes and
hydrometallurgical routes. The harmless utilization technology of aluminum dross mostly adopts hydrolysis,
roasting and other processes. However, there are many problems in the recycling processes of aluminum dross,
such as low utilization level, energy intensive, low profit, secondary pollution and so on, which seriously restrict
the large-scale disposal of aluminum dross. It is urgent to innovate and develop new processes to improve the
resource properties of aluminum dross. This paper introduces the classification and characteristics of aluminum
dross, summarizes the recycling technologies of primary and secondary aluminum dross, reviews the removal
technology of main toxic substances and proposes the future development directions for aluminum dross.
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