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The melting of aluminum scrap and
dross provides many challenges to the
secondary aluminum industry. Control of
organic emissions and optimizing salt-
flux use are two examples. Scrap raw
materials contain organic components
such as lacquer and oils. These generate
emissions that may negatively affect pro-
ductivity and the environment. This has
limited the amount of organic compo-
nents that can be allowed in the charge.
The new Wastox‚ process uses con-
trolled oxygen lancing and oxy-fuel burn-
er management for combustion of emis-
sions in the rotary furnace. Flue-gas
composition is used for on-line process
control. Use of the Wastox process has
shown that the process allows the use of
scrap with higher levels of organic con-
tamination and that process economy
and productivity is improved. By reduc-
ing or eliminating the amount of salt flux-
es in the rotary furnace melting process,
productivity, efficiency and environmental
performance is improved. The new Uni-
versal Rotary Tiltable Furnace (URTF) is
designed using the latest know-how
from low-salt and salt-free melting of
secondary aluminum.

One major disadvantage with the
wet-process and the RSF is the high lev-
els of salt-flux required. This generates
large amounts of salt slag waste prod-
ucts, which add significant costs to pro-
duction both from salt purchase and
from the recycling or disposal of salt
slag. Increased environmental concern
has also meant that these costs are in-
creasing. Salt slag dumping is also being
prohibited in some areas. Costs and pro-
ductivity are also negatively affected by
the additional extra energy required to
melt the salt. The disadvantages are
greatest in the processing of dross. This
is due to the high oxide content in the
charge. As a result of this, the industry
began to look for alternative processing
techniques to reduce the amount of salt
used in dross melting. In the early 1990’s
AGA and Hoogovens Aluminium in
Voerde, Germany developed, patented
and put into commercial operation Alu-
rec, a rotary furnace process for melting
dross without the addition of salt [1]. The
current trend in the industry is to use the
dry-process in dross melting. The
amount of salt required is reduced by
more than 50 % and gives a solid (dry)
salt slag. The rotary furnace is tilted to
allow the dry salt slag to be discharged. 

The Rotary Salt Furnace (RSF) has
been the furnace type used in the recov-
ery of aluminum from secondary scrap
and from dross. The furnace consists of
a fixed axis refractory-lined cylinder,
which is rotated during the process. En-
ergy is supplied by a burner flame. In the
last ten years, adapting oxygen-fuel
burners to the RSF has been ‘state of
the art technology’. However, large
amounts of salt-flux are used in this pro-
cess. The addition of salt flux is balanced
so that a liquid salt slag forms with the
oxides in the aluminum scrap or dross
charge. The amount of salt added is ap-
proximately proportional to the amount
of oxides in the batch. The use of a liquid
salt slag is referred to as the ‘wet-
process’. 

®Alurec‚ is a registered trademark of SMS Demag AG.
®Wastox‚ is a registered trademark of Linde AG.

The URTF12 at Stena Aluminium
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URTF and Wastox development

The Universal Rotary Tiltable Furnace
(URTF) was developed to allow the dry
process and the use of tiltable rotary fur-
naces in the melting of secondary alumi-
num scrap to be taken further. Linde
Gas, Hertwich Engineering GmbH and
Corus Aluminium Voerde GmbH (former-
ly Hoogovens Aluminium) joined forces
to develop the URTF. The URTF has
been designed for both dross and sec-
ondary scrap melting. It is based on the
use of the dry salt method and ad-
vanced oxy-fuel combustion systems.
The URTF therefore uses low levels of
energy and low levels of salt and gener-
ates only small amounts of waste prod-
ucts (table 1).

Secondary scrap contains organic
contamination, such as lacquers and
oils. These evaporate during melting giv-
ing emissions that can have a negative
effect on the environment and productiv-
ity. The industry uses a number of meth-
ods to deal with this problem. For exam-
ple, by limiting both the amount of or-
ganic material in the batch and the melt-
ing rate. The Wastox combustion system
is used in the URTF to optimize and con-
trol the combustion of organic contami-
nation inside the furnace. This gives bet-

Implementation of URTF and Stena
Aluminium

Stena Aluminium is a major European
supplier of foundry ingots. It operates
plants in Kolding, Denmark and Älmhult,
Sweden. Aluminum scrap is recycled at
both plants by re-melting, refining, alloy-
ing and casting. AGA Gas AB (a member
of the Linde group) and Stena Aluminium
have a long history of co-operation. They
also have many years of experience in
the development of oxygen enhanced
melting in the RSF process, including
several field tests with secondary scrap
at the Alurec plant in Voerde. In 2001
Stena Aluminium decided to replace one
of the RSF furnaces at the Älmhult plant
with a URTF from Linde and Hertwich
Engineering. Stena Aluminiums high
competence in aluminum recycling was
important for the realization of the pro-
ject. The new furnace was commis-
sioned in August 2001. 

The URTF 12 operated by Stena Alu-
minium is shown in fig. 2. It has a useful
furnace volume of 12 m3 and can ac-
commodate up to 23 tons of aluminum
scrap per furnace cycle. The melt rate is
6 tons scrap per hour. The furnace tilting
range is –20 deg to +40 deg. A unique
feature is that the furnace can be operat-
ed at various angles in the –20 deg to
–10 deg range. This enhances quick
charging at –20 deg and a range of op-
erating angles during melting. Two drive
units rotate the furnace drum, one is built
in redundancy. 
A 4 mw oxy-fuel burner provides the en-
ergy for melting and heating the charge.
Additional energy is provided by the
system. The system consists of three
oxygen lances and a laser technology
based flue-gas analyzer. The positions of
the oxy-fuel burner, the lances and the
flue-gas analyzer are illustrated in fig. 3.
The flue-gases are led into the furnace
hood and are cooled by ambient air. 

ter energy utilization and lower emission
levels. The Wastox system is developed
and patented by Linde. It uses separate
oxygen lances to combust emissions in
the URTF. The oxy-fuel burner is used in
tandem with the oxygen lance to ensure
ignition and to balance the energy input
to the furnace. The oxygen lances are
controlled by continuous flue-gas analy-
sis. 

The use of separate oxygen lances
has several advantages over firing the
oxy-fuel burner with overstoichiometric
amount of oxygen. The separate oxygen
lances gives greater flexibility. Separating
the extra oxygen from the burner allows
the direction of the burner flame and
oxygen lance to be controlled individually

and the use of a higher level of oxygen
flow. Combustibles meeting and reacting
with a pure oxygen stream is believed to
provide higher levels of efficiency than
reaction with an oxygen enriched oxy-
fuel flame. This is illustrated in fig. 1. A
pilot plant study reported by VAW [2]
showed lower levels of organic emis-
sions when a separate oxygen lance was
used when compared with an oxy-fuel
burner with overstoichiometric flame.
Good process control and rapid process
information feedback are important in
achieving optimum operation levels for
the low salt and salt free melting meth-
ods. The control of the URTF has been
developed during several years of expe-
rience with salt free melting in the Alurec
process and uses the latest in computer
control. 

Fig. 2: CAD drawing of the URTF 12

Furnace Process Salt addition Slag Fuel consumption
[kg/t] [kg/t] [kWh/t]

Fix axis furnace with
oxy-fuel burner Wet 200 400 500 (1000*)
URTF Dry 0–70 180–250 350

Table 1: Process data for melting aluminum scrap in rotary furnaces. 
The data is dependent on the type of scrap processed.

Oxy-fuel with excess oxygen

WASTOX®

100 % oxygen for combustion
Oxy-fuel for ignition

Figs. 1a to 1b: Schematic compari-
son between oxygen enriched oxy-
fuel flame and separate oxygen
lance; Oxy-fuel with excess oxygen
(a); Wastox 100 % oxygen for com-
bustion Oxy-fuel for ignition (b)

a

b
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The URTF 12 is equipped with an ad-
vanced PLC control system. It controls
all mechanical movements and the oxy-
fuel burner and oxygen lance settings. It
also has recipe management and opera-
tor menu systems. Two 15-inch color
screens display information. The record-
ing and display of process data is of vital
importance to URTF operation. It pro-
vides on-line information on the melting
process in the furnace. The following
data are displayed as trends (fig. 4).

❒ Flue-gas temperatures,
❒ flue-gas monitoring,
❒ torque for rotation of the furnace

drum,
❒ rotation speed,
❒ burner power.

The furnace is charged 4 times per
cycle with in total up to 23 tons of scrap.
All functions are automatically controlled.
To tap the metal, a launder is moved in
front of the furnace (fig. 5). The metal is
transferred to a holding furnace for refin-
ing and alloying before being cast to pigs
on a conveyor belt. All process steps, in-
cluding metal and salt cake tapping, are
operated remotely from the control
room. The URTF operation therefore
uses a minimum level of manpower. 
The effect of the use of oxygen lances is
shown in fig. 6. The flue-gas was ana-
lyzed at the small chimney on the fur-
nace door before it is quenched by am-
bient air. Contaminated scrap was heat-
ed by a 2 mw oxy-fuel flame, using 50%
excess oxygen. At this point gas analysis
measurements showed 45% of CO2,
25% of CO and less than 2% oxygen.
When the oxygen lances were turned on
the CO content dropped, the CO2 con-
tent immediately increased and the oxy-
gen content remained unchanged. The
graph clearly shows that the oxygen
added reacts with CO to form CO2 in-
side the furnace. 
After 5 months of operation the perfor-
mance of the URTF 12 was evaluated.
Compared to the RSF it was concluded
that the URTF 12 gave improved metal
recovery, 40% reduction in fuel con-
sumption and a 70% reduction in salt
addition. The results with the URTF 12 at
Stena Aluminium have been very suc-
cessful and fulfilled all expectations. 

Paper presented at: TMS Fall 2002
Extraction and Processing division Meet-
ing on Recycling and waste treatment in
mineral and metall processing: Technical
and economic aspects, 16-20 June
2002, Luleå, Sweden

Fig. 3: Furnace door. Indicating positions of the oxy-fuel burner, the lances
and the flue-gas analyzer

Fig. 5: Metal tapping from the URTF 12 at Stena Aluminium

Fig. 4: On-line display of process data from URTF 12
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Fig. 6: The influence of Wastox  lances in the URTF 12 while heating with a 2 mw oxy-fuel flame fired at λ=1.5.
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Linde AG
Linde Gas Division
Phone: +49 89 7446-0
Fax:    +49 89 7446-1230
www.linde-gas.com

Linde Gas – 
Making the difference

Linde Gas is in the business of making
a difference in everything we do. For the
benefit of our customers. Through inno-
vative solutions within manufac-
turing industry, metallurgy, chemistry,
food processing, medicine, specialty
gases, alternative fuel technologies 
and the environment. This difference 
is reflected in our position as a leading
company in Europe and as a major dri-
ving force world-wide.

Gas technology that works for you

Created through forward thinking, a
close customer relationship and a sound
business sense, the Linde Gas combination
of gas products and support services,
innovative hardware, customized solutions
and on-site supply systems generates
new and profitable opportunities. 

Linde Gas technology daily drives
entrepreneurship the world over with our
employees all working concertedly to
keep making that difference.




