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THESE astounding figures from the World 
Steel Association reveal that the global 
steel industry currently faces a huge 
decarbonisation challenge, driven by more 
stringent carbon emission regulations, 
growing customer demand for carbon-
friendly steel products, and increasing 
investor interest in sustainability.

The cost is not purely environmental; 
according to a McKinsey report, 
approximately 14% of global steel 
companies’ potential value is at risk if they 
are unable to decrease their environmental 
impact, making decarbonisation a high 
priority.

There is no single solution to carbon 
reduction in steelmaking; several changes 
to existing practices can each make a 
significant contribution to decarbonisation 
in the industry.

One such change is to move from using a 
basic oxygen furnace (BOF) to an electric arc 
furnace (EAF) route for steelmaking.

In an EAF, steel is produced from 
recycled scrap and direct-reduced iron 
(DRI). The need for high-quality scrap may 
limit the use of EAFs and increase costs. 
However, mixing lower-quality scrap with 
DRI is a cost-effective option, while DRI 
alone generates less carbon dioxide than 
integrated methods. In addition, the EAF 
can, potentially, be used with hydrogen fuel 
for nearly emission-free steel production.

How the EAF operates
The EAF uses vertical graphite electrodes to 
melt the iron and scrap via electric current. 
Metal is added, the lid is closed, and an arc 
is created between the electrodes. 

A huge amount of power is used by the 
process, so it is often scheduled to operate 
during times of low energy demand. 
Limestone flux is added and then a ladle 

vessel is positioned underneath, before a 
hole in the base of the furnace opens, and 
the molten steel exits into the ladle. The 
hole closes when slag is detected or when 
the ladle is full.

The steelmaking steps for an EAF are:
• Charging scrap metal, iron and 

limestone.
• Lowering the electrodes, melting the 

metal with electric current.

* Global industry manager – metals, Ametek Land

Reducing energy waste in EAFs 
On average, every tonne of steel produced in 2020 led to the emission of 1.851 tonnes of carbon 
dioxide (CO2) into the atmosphere. In that year, 1.86 billion tonnes of steel were produced, and total 
direct emissions from the sector were approximately 2.6 billion tonnes, representing between 7% and 
9% of global man-made CO2 emissions. By Peter Unwin*
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• Oxidation.
• De-slagging.
• Adding new fluxes for the reducing 

stage to eliminate sulphur and oxide 
absorption.

• Tapping.
• Lining maintenance to eliminate 

molten steel break-outs from excessive 
lining depletion.

Molten steel is tapped at regular intervals. 
Accurate temperature monitoring ensures 
steel quality is consistent and improves 
process efficiency. 

While it seems that the steps are 
straightforward, detecting slag and keeping 
it from degrading the steel is both an art and 
a science, and the detection methodology 
has evolved significantly over time.

Slag carryover
Regardless of furnace type, a molten liquid 
melt of silicates and oxides – known as 
slag – is produced during the separation of 
molten steel from the impurities that are 
found in iron ore and scrap metal. 

The slag solidifies upon cooling, and 

needs to be removed, as its impurities 
degrade steel. For example, slag will pull 
phosphorous from iron and, if not removed, 
the phosphorus reverts back into the steel, 
lowering its quality. 

The disadvantages of slag carryover in 
the EAF are exactly the same as those in the 
BOF: longer processing time, high inclusion 
formation and steel cleanliness challenges, 
difficulty in ladle desulphurisation, caster 
nozzle clogging, and ladle refractory wear.

Substantial wear and tear
Slag also causes substantial wear and tear 
on the vessels involved. Its removal can 
require huge effort and expense on the part 
of steel producers.

Molten steel is tapped from the EAF 
vessels into transfer ladles for further 
refinement of the steel and it is important 
to prevent slag carryover during this 
tapping process, by stopping when slag 
begins to exit along with the steel. 

Recent advances in detection now 
mean that slag can be more reliably and 
effectively managed.

Technologies to prevent slag carryover
Early methods for preventing slag carryover 
included visual observation, using a ceramic 
dart to reduce slag flow, and utilising a 
circular induction coil. However, each of 
these methods has drawbacks for safety, 
reliability, and/or efficiency.

Thermal imaging cameras were 
introduced to improve the process 
two decades ago, and offer cost and 
repeatability benefits. Since steel and 
slag have different emissivities, a thermal 
image of the tapping stream, displayed in 
a control room, will enable operators to 
recognise the change in brightness very 
easily and detect when slag begins to 
appear.

Good results
The early devices were all long-wavelength 
thermal imagers with an 8-14 μm response. 
The results were good, as the emissivity 
between steel and slag is accentuated by 
the long wavelengths. However, there was 
still fume obscuration, and the optical 
materials used were not sufficiently durable 
for the harsh environment, requiring 
frequent protective window or lens 
replacements.

Mid-wavelength thermal imagers 
offered several new possibilities. A thermal 
imager working at a more narrow, 3.9 μm 
waveband can see through hot CO2 and 
hot water vapour. 

This shorter waveband also enabled 
the use of more practical optical systems 
using, for example, sapphire protection 
windows which offer good transmission 
characteristics from ultraviolet to 
approximately 5.5 μm in the infrared 
alongside high durability and chemical 
resistance.

Hot water vapour or steam and hot 
CO2 appear in large quantities in the 
atmosphere around the tapping stream, 
each having characteristic absorption lines 
at different wavelengths. 

When these lines are combined on the 
same graph, images from an infrared 
camera with a spectral response around 3.9 
μm are much clearer than those of a camera 
with a spectral response of 8 to 14 μm.

A specially designed solution
These capabilities are built into the AMETEK 
Land Slag Detection System (SDS), which 
delivers improved yields, higher-quality 
steel, and reduces costly downstream 
processing for EAF steelmaking operations. 
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It is specially designed to withstand the 
harsh conditions of continuous operation 
in a steel plant, with minimal maintenance 
requirements.

The AMETEK Land SDS has an industrial 
thermal imaging sensor, housed in a 
rugged, water-cooled and air-purged 
enclosure, that continuously views the 
tapping area. As the tap begins, dedicated 
software automatically records it, producing 
a log and graph of the relevant steel and 
slag data. 

The high-resolution thermal imaging 
camera detects the transition between steel 
and slag, reducing ‘blackouts’ caused by 
smoke and fumes. Real-time data enables 
the operator to make informed decisions 
about the tapping process.  

When the slag reaches a pre-determined 
level, an alarm is generated to stop the tap. 
Full access to the tapping data is available 
to the operator for quality control purposes. 
By warning the operator in a dependable, 
repeatable and timely manner to stop the 
tap before slag is carried over, the SDS 
improves production yields and ensures a 
lower slag content, improving the steel’s 

quality. This also reduces energy costs 
further along the process and lowers the 
overall maintenance on the furnace vessel. 

Using an SDS has been shown to improve 
operator response time and consistency 
at the end of each tap. This results in a 
typical reduction in slag depths of up to 
25%, compared to traditional methods for 
monitoring slag.

Greater detail
The new SDS camera has a resolution of 
almost 300,000 individually calibrated 
temperature measurement points, providing 
much greater detail in the image. Combined 
with the clarity of view through the smoke, 
this offers a much-improved performance 
compared with other cameras.

In addition, new IMAGEPro-SDS 
application software provides improved 
images for the operator with the additional 
capability to automatically track the pouring 
stream within the fi eld of view (Fig 3). 
When viewing the stream from an acute 
angle, its position will change during 
the different phases of the tap and the 
software accurately tracks any movement 

that may occur as the pour takes place, only 
measuring from the area identifi ed as the 
stream. This reduces any errors caused by 
background heat sources in the fi eld of view.

As well as detecting slag while tapping 
steel, the SDS can detect steel as it 
appears during the de-slagging operation. 
Depending on each location this can 
sometimes be achieved with the same 
camera but if not possible then a second 
camera may be required.

The improved image quality, with a larger 
fi eld of view, is a benefi t to the operator 
for judging when the transfer ladle is full 
of liquid steel. This enables the tapping 
operation yield to be optimised and 
reduces the risk of molten metal spillage. 
In locations where the camera cannot view 
the ladle freeboard, a second camera can 
be provided and the image included on the 
same operator’s monitor using standard 
IMAGEPro software to provide regions of 
interest with alarms.

Signifi cant investment
Switching to an EAF for steel production 
is not an immediate panacea for achieving 
decarbonisation. It is a signifi cant capital 
investment that also places an increased 
draw on the electric grid supply.

Nonetheless, as decarbonisation gathers 
momentum, the electric furnace route is 
likely to become the preferred choice for 
steelmaking around the world. 

According to McKinsey and Co, an 
approach combining scrap, DRI, and EAF 
using hydrogen fuel is currently considered 
the most viable, long-term solution to 
achieving carbon-neutral steel production, 
especially in Europe.

Effi cient and productive
By making EAF steelmaking more 
effi cient and productive, AMETEK Land’s 
SDS thermal imaging system helps to 
mitigate the operating costs of the EAF in 
steelmaking, protecting the investment in 
this growing decarbonisation technology.

Seeing through most of the smoke, it 
provides a reliable and effective method of 
detecting slag during tapping, and can be 
used to detect steel in slag during the de-
slagging operation.

It uses non-contact infrared technology 
with no wearing parts or consumables, and 
lowers operating costs by reducing slag 
levels and improving tapping yield, together 
with generating savings on additions during 
steel refi nement. �
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