Aluminium Melting
R. Feige, G. Merker

During alurminiue meliing slags with high' content of metal
ond oxides are formed on the surfoce of fhe mell. By
processing these siogs (dross ond salt coke) to recycle tha
metallic afuminium, he oxides remain os o residucl i‘uigh-
oluming concentrate. Due o tha increasing amounts of
alominium stogs, mora than 100,000 /o of such high-
aluming secondary row molenals are presently recavered in

1 Availability of Raw Materials

High alurming raw maolerials are the bosis of ceramic
producis with high thermal resistance, high mechanical
girangth, high elecirical resistivity ond high chemical
resisiance, ie. refroctory moteriols, abrosives, insulators
and wear-resistont ceramics. The term "oluming” is
commonly used for the chemical combinotion of
aluminium and exygen os well os for calcined, sintered
and fused material of ALCy in the form of powders,
Brains ar ceramics,

High-alumine nelural row moleriols [bouxite,
sillimanite, kyanite and ondalusite] -os weil os high-
oluming synthelic raw moteriols {calcined aluming,
corundum, mullite and spinel}, are available world-wide
i sufficient guantity, good quality ond of increasing
prices. High-aluming secondory row maoteriols from the
processing of dross and solt cake frem the aluminium
smelters industry can be on addiional and espedially
coct-affactive alternaolive.

There are approximately 30 aluminivm smelting
facilities in Germany. Thase focilities produced
575,000 t primary aluminium and 418,000 1
secondary aluminivm in 1995 [1]. Each ton of
secondary aluminium alloy results in 0.5 10 0.7 1
of salt coke [2]. Each len of sall cake contains
0.4 1 of axidic aluminium compounds which can
be seporoted when processed as o high-alumina
material.

Presently, the ovailability of these high-alumina
secondary raw materials from the precessing af
dress ond sall slog in Germany exceeds the annual
figure at 100,000 t and is expected 1o grow
gccording to the increasing rofe of consumption and
recycling of aluminium matal.

For the central processing of solf cokes in Germany the
company BLLS Berzeus Uswit-Seeace AG, Duisburg,

Germany operates two plonts:

3 SEGL GueH, Linen, and
3 HAMNSE GrsH, Honnover (both Germaony).
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High-Alumina Secondary Raw Materials from

Gearmany. The availableinfermation given here oo genoeslion
and processing of aluminivm slags os well os on properties
and possible opplicafions of the produced high-oluming
secandary’ fow motenals ought fo encouroge new users in
the ceramic ond refractaries indusgiry fo fesf these malenals.
Producers of Porlond cament hove already token benefit of

thesa materiols as o cost-affective aluming saurce.

Tika & Brich It 14 {1998 [3]

This central processing guaranteas constant guality as
well o3 long-term availability of a high-alumina
secondary row moterial called Oxiton.

2 Generation and Processing

Aluminium has avery high affinity fo axygen. As difficult
as if is to reduce aluminium oxade fo metal by aluminivm
elactrolysis with high expense of elactrical anergy, il is
easy to reform aluminium to aluming when it comes in
cantact with the QEygEn in tha gir :

4Al + 30; =+ 2A1,0;.

This process olready fokes placs of ombient lemperature,
whereby o freshly trected metal surfoce is eoated by o thin
layer of oxide of some nonometers thickness. By melting
and pourning aluminium in oir ol Eermperalures above 800 °C
the metal oxidofion is of course even much more stranger.
The dross thereby formed is o misture of fine-groined particles
of coade and metal, This dross con coal the surdfoce of the
melt fo o thicknass of up to some centimatras, I, Alfare [3]
showed the detailed steps in the generofion of aluminium
dross and describied the dimension of the formed cdde
parficles fo be opproximaotely 0.3 mm.

For remelting recpcled aluminiom scrop ond dross rotary
kilms are mainly used in Germerny, To prevent oxidation by
air, the melten mefal in these kilns is usuolly covered by a
loyer of solt consisting of approximotely 70 moss-% MaCl,
28 mass-% KCI ond 2 maoss-% CoFs, During the meliing
process fhese meliing salts are combined with o considerchle
amaunt of metallic aluminium ta form o misture colled salt
slag. When fhis salt tlog is processed the aim of the foundries
15 only to get back the metal ond the solt. For the high-
alurmina residual ovides ather applicotions must therefore
b faund.

The essential steps in the treatmenl of salt slag by the
Oxilan-ganerating B.LLS process are [2]:

3 dry erushing, milling and separation of melal
by screening
3 leaching of salts by water
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Table 1; Chamical compesition of migh-aluming

2 separotion of water insoluble exides by
thickening and filiration

3 crystallisation and dewalering of the recycled sall

) cleoning of the off-gases ond recovery of NH;
gs ammonium sulphata,

The processing of drosses ond slags from aluminium
producdhion is alse usual procedurs in the LSA ond Canade.
In these couniries, however, o dry freatment of dross is
preferred. This is done by buming it with a plasma flame. In
this wary the metal recovery is reported fo be higher than
that fram a ratary kiln [4]. The oxidic residues are colled

1 Maoval in Conoda [4] and
3 MMP (MNonmetallic Product) in the LISA [5].
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3  Properties of the Oxides

The chemical compositions of Oxifon [&8], NMP and
Meveal are principally veny similar (Takle 1). The chemical
campasilion af these high-aluming secondary row
materials depends essentially on the composifion of
the ﬂiuminium metal. "u"irlun”y all used metallic 1:1“0}'5
are optimized in physical, chemical and werkability
properties. Typical components of aluminivm alloys are
mainly magnesium und silicon.

During the melting of aluminivm in air the metal does
not anly combine with cxygen. It also reacts - to a lesser
degree — with the nifragen of the ambient atmosphere,
Forrn'lng aluminivm nifride:

2Al + N; — 2AIN.

In the chemical composition of dross and salt slag, AlM
rmust also be taken into account. IF these residues are
processed with woter, the aluminium nitride
decomposes to aluminium hydroxide by releasing
ammonio gos:

AIN + 3H,0 = Al{OH)s + NHa.

Wilh the dry processed praducts of the USA and Canoda
the Al content comes up fo 18 moss-%. In the very
infensive wel treatment of the Oxiton-generofing
Germaon process, the aluminium nitride is decomposed
o o great extent. Therehy, the ammonio is copturad
and eonvered inte ammenivm sulphote ferfiliser. A
rasicdual amaount of aluminium nifride remains in the
Oxiton, Therefore, the filtler humide Oxiton smelis
slightly of ammenia. Affer drying Owiton there is no
lenger any noticeoble smell,

The main mineralogical cempanents of high-aluming
secondary raw materials such as Oxilon are corundum
and spinel. The couse is the intensive exothermic
oxidation of aluminium metal with such high locol
ternperatures; that the alumina ransferms into the high-
termperature madificafion corondum. Mognesium reocts
even easier and more exothermol with oxygen thon
aluminium. Therefore, the mognesivm oxide formed
in the oxide layer immediately transforms with aluming
1o spinel MgCe-AlO; [7].

Some other physical properies of Oxitan are [5]:

3 The true specific density is 2.95 g/fem?,

3 The F.u;zri'ide size 15 less than 200 Hm, with o
medivm particle size af about 10-20 pm and
ultimate particles <5 gm.

3 The melting paint is higher than 14600 *C.

The sintering properties of Oxiton are shawn in Table 2.
Sintering begins in the range of 1200-1300 °C. This
comesponds fo sintering resulis with cluming residues
fram the treatment of aluminium salt slogs in Epr:li:l. EB]

4 Possible Applications
Judging from several application tests and the
composition of high-aluming secondary raw

maferials from processing aluminium solt slags, the
follewing opplications ore proposed: refroctaries,
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fused grains, cement and glass, mineral weol,
ceramic fibres, foundry and sleel mixes and
obrasives 12, 4, 5, &|. In the USA the refroctory
lightweight ogaregote Plasmal is produced by
plasma fusion [?]. German research resulls further
demonztrate the possibility of manufacturing high-
porous sintered groins for lightweight concrete and
bricks using Cxiton [10].

By redson of same contend of caleium fluaride in
Ozxilon, fluoride con be emitted in the production of
fired ceramics. This should nof be a technical
problem, as commen clays alsa have a certain
content of fluoride and therefore, the separation of
fluarides from the off-goses is already stala-of-the-
art in ceramic plants. The rate of fluoride emission
depends on the composition of the burned material,
the sinfering femperature and time. Cafy melts af
1360 °C. In the main actual application ef Oxitan,
s an aluming companent for burning clinkers of Partland
cement at 1450 °C, there is no remarkable emission of
Auoride, becouse the fluoride is incorporated in the
mineral 11CaQ-7AlLD:-CaF.. This mineralic phase
favours the early strength of cement. The oddifion of
Oziton fo the cement raw mix reduces the sinlering
femperoture and therefore soves energy.,

Trials with Oxiton in refrociory mixes and bricks for
the lining of aluminium melting kilns showad that
Oixitan is not attacked by molten aluminium, This is
not surprising, os the oxdic porticles of Oxiton are
tormed whan they came in contact with mollen
gluminium. The content of fluarspar CoFs, known

Table 3; Refoctary morfor and concreta moes with Cwilan
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as a nan-welling addilive in refreciories for contact
with liguid aluminium, is in this cose an edvanioge
of Oxitan [11].

Regarding refroctory mixes and concretes with o
binder of calcivm aluminate cement, it is of interast
that Oxiton, by itz very fine particle size, can reploce
up 1o 25 % of the substantially more expensive
cement as a filler [Table 3).
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Burner,

« Air Heat Burners.

K.calfhour

electrical consumption.

regulation kilns.

Tile & Brick Int. - Volume 14+ No. 3, 1998

+ Gasifier Burners for fuel-gil.

* High velocity gas and fuel-oil Burners.

* Promatic Micronized coal Burning system.

* Hot air Generators from 600.000 o
2.000.000 Kcalthour with fuel or gas

« Combustion Chambers with solid fuel
Burners fram | 000.000 co 4,000,000
+ Air Agitator for Dryers with reduced

* Electronie Equipments for control and

' Specialists in firing,
drying and control

* Injection gas and fuel-oil Burners.
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Kurzfossung/Résumé/Resumen

Hn:h Al:O5-haltige Sekun-
darrohstoffe aus der Alu-
miniumverhittung

Wahrend der Aluminium-
verhittung bilden sich Schlocken
mil ginem hohen Gehalt ALO,
auf der Oberflache der
Schmalze. Diese Schlacken
werden wisderaufbereitel, um

waiteras Aluminium zu gewinnen.
Die verbleibenden Oxide fihren
zu einem hoch AlO.-haltigen
Kaonzentrat, Auvtgrund der sich
vargroflernden Menge von
Aluminiumschlocken, werden zur
Zeit in Deutschland mehr ols
100000 o dieser hach Al:Os-
haltigen Sekundérrohsioffe
gawonnen. Die im folgenden

gegebenen Informationen Gber
die Erzeugung, Verarbeitung,
Eigenschaften und mogliche
Anwendungen dieser-Schlocken,
sall Fochleute dar keramischan
Industrie dozu ermutigen, diese
ginzuselzen. Produzenten van
Portlondzement profitieren
heraits van diesar kosten-
ghinstigen Al, Oy -Guelle,

Mu'ri!raa premidras recyclées
& houta teneur en alumine
provenont de la fusion de
I'aluminium

Au cours de la fusion de
P'aluminivm, il se forme an
surface du liguide des scories &
haute tensur en métal et en
oxydes. Le relrailerment de ces
scories (en rebul et gateau da

sel] pour recyeler 'aluminium
loisse les oxydes sous forme d'un
conceniré @ houfe feneur en
alumine. L'accroissement des
guantités de scories d'aluminium
foit que |'Allemogne dispose de
plus de 100000 tfan de ces
maotigres premigres recyclées &
houte teneur en alumine. Les
informations disponsibles sur la
production et le refroitement des

scrories d'aluminium, comme les
propriétos ef les possibilités
diopplication des motidéres
premiéres recyclées, devraient
inciter de nouveoux ufilisaleurs
parmi les industries edramiguas al
réfroctaires & fester ces maté@rous.
Les producteurs de cimeni
Partland ant déjé firé parti de ces
maléricux comme source d'alu-
ming bon marchi.

Mnfarl’us primas de alto
eontenide de oldming pro-
venientes de la fundicién de
aluminio

Duronte la fundicién de aluminia,
se formon escorios de alio
contenido de metal y dxido en lo
superficie. Estos ecarios se pre-

poran o efeclos de ablener wn
miayar rendimienio en aluminio. Los
oxidos restantes conducen o un
conentrada de alto contenida de
AlD.. Debids al velumen de
escorias an aumenta, hey en dio se
obfienen en Alemania mdas de
100000 /o de asios materias
primas secundarias de alte con-

tenida de ALO,, Las informociones
presentados sobre lo obtencion,
preparocion, propiedodes y
posibles aplicaciones de estas
ecorias pretenden animar o lo
industia cardamica a la oplicacian
de estos productos. Lo indusiria
del cementa portland yo hoce uso
de esta fuente econémice de ALDS,
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