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Recycling

Challenges of Black Dross

The formation of sludge (so called Black Dross) in magnesium recycling
process can not be avoided

Black Dross is an extremely heterogeneous material

Black Dross includes 10-30% metallic magnesium as well as 30-50% salt
components

Currently Black Dross is deposited and has no way to be recycled
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Preliminary analysis of metallic Mg in Black Dross (1)
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Confirmation that Al does NOT 
exist in the form of chloride or oxide
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Preliminary analysis of metallic Mg in Black Dross (2)

Crushing/mixing

Milling (<1mm)/ sampling

Splitting into 8 
identical samples

Dissolution in a leaching
system with HCl

x 10
HCl

H2 
production

Black 
Dross
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Preliminary analysis of metallic Mg in Black Dross (3)

Leaching 
Exp. Nr.

Black 
Dross/g

Volume/ml H2
(total)

1 1.00 155
2 1.02 156
3 1.277 188
4 1.104 158
5 1.119 171
6 1.222 187
7 1.01 152
8 1.02 160

H2/ml
by Al

40
40.8
51.1
44.2
44.8
48.9
40.4
40.8

Min. metallic Mg ~ 12 wt %                 
(in comparison with industrial 
announcements of (10-30%)

Min. metallic Mg ~ 12 wt %                 
(in comparison with industrial 
announcements of (10-30%)

H2/ml
by Mg
112.2
112.3
133.3
110.7
123

134.6
108.7
116.3

H2/ml
by Mn
2.85
2.90
3.64
3.15
3.19
3.48
2.88
2.91
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Economic potential / motivation of research work

The price of magnesium metal in period between May-June 2008 was 
about 5000 - 5600 $/MT

An annual output of Black Dross in Europe between 3500 to 4500 MT 
that goes to the deposition

Approximately 1.7-2.5 mio.$ loss annually!Approximately 1.7-2.5 mio.$ loss annually!

… plus the value of molten salt ...

If only 10% of Black Dross 
would be metallic magnesium ...
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The process idea and concept

The salt used in Mg-recycling contains mainly MgCl2, KCl, NaCl and 
CaF2

Some new salt components such as NaF, MgF2, CaCl2 and KF could 
be also formed during initial recycling process

Depending on the type of magnesium scrap, some other metallic 
elements such as Al, Mn and Zn can be also present inside Black 
Dross

Due to the different vapor pressures, the separation of valuable 
components from the oxides should be possible by selective 
distillation 

The distilled and condensed mixture of metal and salt should be
separated through remelting/casting process
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The other components do NOT 
exist in the gas phase!

Thermochemical modeling of the concept - FactSage

Maybe: NaCl decomposition & 
reduction of MgO via Na (?)
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Experimental method: experimental setup

The distillation attempts were made 
in a 40 kW vacuum induction furnace 
with about 0.382 m3 volume 

Distillation construction design consists 
of a graphite crucible, a graphite lid with 
a pinhole, a quartz tube insulated 
through three refractory rings and a 
condenser with oil cooling system
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Experimental method: cross-section of the reactor

Coil
Graphite Crucible

Black Dross

Graphite lid
Graphite Pinhole

Quarz-Tube

Refractory block

Condenser

Oil cooling system

8 experiments
14.4 kg Black Dross 
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Black Dross vacuum distillation: pressure progress
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Black Dross vacuum distillation: temperature progress

1. Distillation step
874-905 °C

2. Distillation step
1102-1190°C
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Black Dross vacuum distillation: products

Condensate inside the chamber Crucible residue
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Vacuum distillation: mass balance of products

Loss may be because of 
absorption, weighing errors 

and penetration

Average:
Condensate (Salt + Metal):    app. 64 (+8)%
Residue: app. 28% 
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Vacuum distillation: analysis of crucible residue (1)

XRD analysis shows the distillation residue mostly consisting of oxides 
and a metal phase (Al-alloy)
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Vacuum distillation: analysis of crucible residue (2)

Chlorine almost all gone, also the most part of K and Na and F, Ca and 
Mg strongly evaporated. Fe, Al, Si, and a lot of Mn stay in the crucible 

Residue after distillationBlack dross before distillation

Electron probe micro analyzing (EPMA)
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X-ray diffraction as well as ICP chemical analysis: showing the 
condensate consisting of chlorides and metallic Mg
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Vacuum distillation: characterization of condensate

Na 
(%)   

K 
(%)

Ca 
(%)

Mg 
(%)

Cl 
(%)

4.99 8.09 0.51 46.7 25.6
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Recyclability review (1)

Remelting of 
Condensate

Remelting of 
Condensate

Mg drops could
not be coagulated!

Recycling salt is
inactive!

Mg drops could
not be coagulated!

Recycling salt is
inactive!
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Recyclability review (2)

Addition of fresh salt (Flux 5) 
including CaF2

Addition of fresh salt (Flux 5) 
including CaF2

Magnesium 
drops coagulate

Magnesium 
drops coagulate
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Remelting: mass balance of products

Average (based on the condensate!):
Metal: app. 25 %
Salt: app. 75% 
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The expected material flow of the process

Black Dross
1 Ton

Vacuum Distillation

146 kg 
Metal

486 kg Salt 
for reuse

368 kg 
Residue
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Summary and outlook

The recovery of magnesium from Black Dross by vacuum distillation 
has been successfully tested

The salt from distillation process is not active and must be modified 

The lack of CaF2 in this recycling salt could be a cause for the inactivity 
of salt, here some further works are required

Some fresh salt (Flux 5) was added and a good magnesium/salt 
separation was achieved 

The thermo-physical properties of the liquid salt (density and surface 
tension) after distillation as a next step of this work and the 
influence of the addition of CaF2 should be investigated
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Thank you for your attention!
With the special thank to the German Academic Exchange 

Service (DAAD) for the financial support of this project, as well as 
Dr. Franke from Hydro Magnesium in Bottrop/Germany for the 

supply of experiment materials. 
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Price curve for past 12 monthsMagnesium
99.9%min FOB China  USD/Mt
From 2007-6-18 To 2008-6-18
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