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More intense furnace operations require effective cooling in order to achieve low refractory 
wear and good furnace lifetimes, making cooling technology an important aspect of furnace 
operations. However, the use of water – today’s standard cooling medium – has some 
disadvantages, as it can cause problems both during furnace start-up and operation, namely 
hydration problems, corrosion, and explosions. Apart from these aspects, the energy that is 
removed by extensive cooling cannot be recovered and is normally lost in the cooling 
towers. 

With METTOP’s new patented cooling technology it is possible to overcome the 
disadvantages of water by using an alternative cooling medium, namely ionic liquids (ILs). 
The main advantage of ILs is the fact that there is no risk of explosion should this liquid 
come in contact with molten metal. Furthermore, ILs can be used at higher temperatures 
than water – up to 200°C. This relatively high cooling medium temperature avoids 
hydration and corrosion problems and allows recovery of the energy by combining the 
ILTEC system and the organic Rankine Cycle (ORC) technology, for example. 

Due to the removal of the explosion risk, much higher safety standards can be achieved, 
particularly in critical areas such as tap-holes 

Introduction 

The productivity of furnace operations has been dramatically increased over the last few decades by using effective 
cooling solutions in high-wear areas such the slag zone or tapping areas. For a given system, in terms of heat input, 
material composition, oxygen enrichment etc. the performance of a furnace depends on the availability of the entire 
reactor, and in many cases this means the overall performance depends on the tap-hole lifetime. 

To increase the lifetime of the tap-hole area, water-cooled copper elements are usually used. Water as cooling 
medium is risky: a leak has a high probability of resulting in an explosion and subsequent damage to the furnace 
structure. At best, a production loss will be incurred due to major repair work. As a worst-case scenario, personal injury 
and fatal accidents must be considered. 

Much work has therefore been done in respect of a safe and durable tap-hole design, as well as a sophisticated cooling 
medium supply. Leak detection by the means of flow and pressure measurement is just one example of the innovations 
in state-of-the-art cooling systems. 

Despite optimized tap-hole and cooling system designs, as well as maintenance with foresight, a certain residual risk 
of a leak and a resulting incident cannot be avoided. Accidents reported from all over the world are evidence of this 
fact. The only possibility of completely eliminating the risk is to stop using water in this risky area – and this is 
METTOP’s approach with its Ionic Liquid Cooling Technology (ILTEC). 

Ionic liquids (ILs) by definition are salts with a liquidus temperature below 100°C, or even at room temperature. They 
have no noticeable vapour pressure below their thermal decomposition point and – depending on the actual composition 
– there is just a minor reaction, or none, with the liquid melt or slag. The characteristic of an IL depends strongly on the 
selection of anions and cations, and due to the variety of possible blends, the number of different ILs and their property 
ranges are enormous. METTOP’s development is a combination of a suitable IL and the appropriate cooling system.  

Ionic liquid cooling technology 

ILTEC is a solution developed in order to overcome the disadvantages of today’s standard cooling medium – water.  
The development is a specific IL, called ISIS B, which is a salt with a wide liquidus range. Per definition, ILs have a 

melting point below 100°C; many of them are liquid even at room temperature, due to their badly coordinated ions. As 
their name suggests, ILs consist only of ions. Dislocated charging and one ion based on an organic molecule avoid the 
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formation of a stable crystal lattice, so that only a minor amount of thermal energy is required to conquer the lattice 
energy and break the crystal lattice (Portal Für Organische Chemie, n.d.) – hence the very low melting point. Varying 
the cations and anions allows ILs to be designed with different properties (e.g. melting point, viscosity, and solubility) 
(Wasserscheid and Welton, 2008). 

ILs have a variety of properties that give them unique character; some of these make them suitable for use as a 
cooling medium (IoLiTec, n.d.): 
• Non-flammable 
• High ionic conductivity 
• Wide temperature range of the liquid phase 
• Large electrochemical window 
• Practically no vapour pressure below decomposition temperature 
• Relatively low viscosity.  
METTOP’s ISIS B incorporates a special selection of anions and cations that determine the characteristics of this 

specific IL. Furthermore, special additives influence these properties, for example by lowering the melting point so that 
ISIS B remains liquid below room temperature. ISIS B which is eminently suitable as a cooling medium in 
metallurgical furnaces, has the following basic properties: 
• Melting point: 14°C 
• Short-term stability: 300°C 
• Long-term stability: 200°C 
• Density: 1.28 kg/L (20°C); 1.25 kg/L (65°C) 
• Heat capacity: 1.5 – 1.6 J/gK (30–100°C) 
• Viscosity: 50 mPas (20°C); 8.5 mPas (90°C). 
An essential property of ISIS B is its chemical composition. A special and patented production process ensures that 

this IL is free of chlorine. As a result, it is possible to use ISIS B with every conventional cooling element material and 
most of the common sealing materials. 

Generally, ILs are viscous compared to molecular solvents and also have a higher density than water. The strength of 
their heteroatom-carbon bonds and their heteroatom-hydrogen bonds indicates their thermal stability. An exceptional 
and important characteristic of ILs is the fact that they have no measureable vapour pressure (i.e. negligible values). 
The heat capacity of ILs is only weakly temperature-dependent over a temperature range between -50°C and 300°C. 
The thermal conductivity, which is an important property for heat transfer applications, is significantly affected by 
water contamination (Wasserscheid and Welton, 2008; Wasserscheid and Keim, 2000;  Joglekar, Rahman, and 
Kulkarni, 2007).  

Using ISIS B as cooling medium allows higher inlet and outlet temperatures than with water. Furthermore, an 
adjustable intensity of cooling is possible, as well as during heating up. The high cooling element temperature prevents 
the condensation of water vapour and – as a result – minimizes the risk of refractory hydration during heating up or due 
to leakages. A sufficiently high cooling element surface temperature avoids the formation of corrosive compounds and 
dew-point corrosion. Furthermore, heat or energy recovery becomes feasible if the cooling medium temperature is 
higher. ILs decompose above a certain temperature by forming of gaseous components. As a result of these aspects, 
using ILs as a cooling medium is a safe alternative to water and allows cooling new areas with the following economic 
and technical advantages: 
• No hydration during heating up caused by condensation of water close to the cooling elements 
• No hydration due to leakage  
• No explosions due to leakage  
• No dew-point corrosion problems 
• Adjustable cooling (higher cooling temperature) 
• New possibilities for application of cooling 
• Energy recovery (reducing CO2). 
A fundamental feature of ILTEC is the use of a closed cooling circuit for the IL – the primary cooling circuit, hence 

ISIS B is not a consumable. The tank, circulation pump, and heat exchanger are the heart of every system, while the 
instrumentation, redundancy, and size need to be tailored for each application in order to minimize the costs and 
maximize safety and functionality. Figure 1 shows an example of an ILTEC system that was developed and built for 
one medium-sized cooling element and capable of removing up to 100 kW of thermal energy. 
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Figure 1. ILTEC system suitable for a single medium-sized cooling element 

Applications 

Based on the properties of ISIS B, numerous possibilities for new applications arise.  
When considering the safety aspect (no explosions in case of a leak), all high-risk applications, e.g. tap-holes, 

launders, sidewalls below bath level are suitable for equipping with an ILTEC system. The tap-hole is a perfect 
example, and will therefore be described in detail in the following sections. 

A number of new possibilities arise when cooling becomes possible in areas where water is considered to be too 
risky. One such example is the tuyere zone of a Peirce-Smith converter – where cooling would result in avoiding 
interim repairs of this area only. Furthermore, a cooled TSL lance (Top Submerged Lance reactor, Ausmelt, and 
Isasmelt) allows a significant increase in reactor uptime due to fewer lance repairs. As last example, ILTEC allows the 
development of cooled lances for a continuous online temperature measurement. 

Using a cooling medium at a temperature of up to 200°C helps wherever problems with hydration or corrosion arise. 
Cooled off-gas junctions are a typical area to be equipped with an ILTEC system. As an additional benefit, a cooling 
medium range from 50°C to 200°C allows heat recovery for direct usage or power generation under certain conditions.  

Tap-hole design 

In the metallurgical industry, various tapping designs are known and applied. While sliding gates are a common 
practice in the iron and steel industry, the nonferrous industry operates mainly with conventional tap-holes which are 
drilled and plugged again for each tapping and casting operation. For tiltable vessels, the efforts required for sealing and 
reopening are less. A further alternative is the siphon design, which promises an optimized separation of the metal and 
slag phases. 

In any case, the tapping area is a highly stressed section of the furnace – not only due to the intense heat given by the 
hot liquid phase. The temperature change between tapping cycles also constitutes a major stress on the refractory lining. 
Furthermore, mechanical stress and erosion result in a high wear rate of the tap-hole refractory. The tap-hole area of 
each vessel is therefore designed in a way that allows easy maintenance and replacement. However, each repair or 
replacement reduces the furnace availability and requires spare parts.  This increases costs and reduces the profitability 
of the overall facility. 

As a result of the fact that the tapping area is a cost driver and can be a limiting factor for furnace availability, water-
cooled tap-holes have become increasingly important in the nonferrous industry. This is remarkable, as water cooled 
elements are absolutely unacceptable in any other applications in which there is the hazard of water coming in contact 
with liquid melt. 

Certain design guidelines for water-cooled tap-holes are already established, such as a redundant cooling system, 
strict flow and/or pressure monitoring, early and increased maintenance, as well as proper cooling element design. 
Especially at the lower side of the taphole, most of the designs avoid considering a cooling pipe. In most cases, the 
cooled area is limited to the area near the steel shell instead of reaching almost to the hot face of the refractory. 
However, incidents all over the world show that all these measures, starting from a proper design up to pressure and 
flow measurements, can never completely eliminate the risk of a leak and a resulting explosion. As a result, the only 



Furnace Tapping Conference 2014 

 220 

possibility for a safe tap-hole is to remove or replace water – this is the approach employed in METTOP’s ILTEC 
system. 

Figure 2 shows a basic comparison between a conventional water-cooled tap-hole design and the same tapping area 
equipped with IL cooling. The ILTEC design shows the following advantages: 
• The cooled section reaches much closer to the refractory hot face.  This allows replacing a much bigger refractory 

inlay and therefore increases the lifetime of the overall tapping area 
• The upper, as well as lower part of the tapping block can be cooled – this results in a more homogeneous 

temperature in the refractory tapblocks, more uniform erosion, and longer maintenance intervals 
• Safety must not be ’bought’ by unnecessary high flow rates – the flow of the IL is automatically adjusted by the 

actual need of cooling intensity; for example, the return flow temperature can be automatically controlled and can 
be fixed at 200°C.  

 

Figure 2. ‘Safe’ water-cooled tap-hole (left) and the ILTEC design (right) 

 
It must be mentioned that the surrounding refractory has to be modified, which is not shown in Figure 2. 
Generally, each tap-hole designed for water as a cooling medium can be used for METTOP’s ILTEC. Experience has 

shown that the heat removal will be approximately ten per cent less when water is replaced with ILs for a given system, 
but this can be easily compensated for by higher flow rates or increased temperature differences between inlet and 
outlet temperatures. Nevertheless, a specially designed tapping block for ISIS B looks slightly different from the 
standard design.  

METTOP designs each tapping block by using CFD modelling to guarantee uniform temperature and heat removal, 
prevent dead zones in the cooling circuit, and achieve a sufficient and adjusted heat removal for each application and 
each furnace operation. Normally, one tapping block consists of up to five individual copper elements with one cooling 
channel each. It is not necessary to install five individual cooling circuits in this case, but this design allows easier 
maintenance and saves costs as it is possible to partially replace the tapping block. Figure 3 shows an example of a 
tapping block with four individual cooling channels. It can be seen that the cooling channels are regularly positioned 
around the refractory tap-hole. 

 

Figure 3. Example of a tapping block designed for ILTEC 



METTOP’s ionic liquid cooling technology:  the safest way of furnace tapping 

 221 

ILTEC System 

The ILTEC System for a tap-hole has special requirements in respect of system availability and behaviour in case of 
incidents. Therefore, all critical components are designed redundantly and as the best solution, the system is completely 
integrated into the furnace control system. Some essential control mechanisms are described in the following 
paragraphs. 

A failure of the frequency-controlled pump results in an immediate increase of the cooling medium temperature at the 
tap-hole. Decomposition of the ionic liquid at temperatures above 400°C results in the formation of gaseous 
components and a pressure increase. The system is equipped with overpressure valves on various positions to limit the 
pressure to 6 bar. Furthermore, damage to the cooling element and subsequent leakage of the IL taphole is probable in 
this case. Although there is no safety risk involved with this incident, a loss of cooling medium and shutdown of the 
furnace is the result. The detection of a pump failure is easily possible by flow and pressure measurement. In case of a 
redundant system, the standby pump is instantly switched on. 

The loss of secondary cooling is a major incident. Within a very limited time the temperature in the cooling system 
rises dramatically and leads – depending on the duration of this incident – to a degradation of the ionic liquid, its 
decomposition, and finally to leakage and damage of the taphole. A standby heat exchanger with separate cooling water 
supply is a solution to eliminate the possibility of a secondary cooling breakdown. 

In case of a leakage of the taphole, a certain amount of IL is released into the vessel. As described above, this entails 
no safety risk, but constitutes an economic deficit due to the costs of the IL. Therefore, leak detection needs to be fast 
and reliable and should effect an immediate stop of the cooling medium supply. An easy way to achieve this is by the 
installation of flow detection at the inlet and back flow, as well as a pressure measurement. 

HAZID analysis 

A HAZID (hazard identification) analysis is used to identify the main hazards of a facility, as well as to evaluate the 
existing safety measures and – if required – to add to these measures. The objective of the efforts is an acceptable and 
tolerable residual risk for operators, third parties, surroundings, and for the environment. The HAZID analysis is a 
structured tool and needs to be worked out in close cooperation between the issuing agency and the manufacturers or 
operators of the facility. Generally, it can be done both for new concepts and for existing installations (Preiss, 2009). 

In case of the cooled tap-hole, the HAZID analysis was done to identify possible malfunction or safety risks that may 
occur during start-up, operation, shutdown, or in case of leakage. As the use of IL as cooling medium comprises no 
safety risk, the main focus was on detecting and responding to possible malfunctions, as well as preventing improper 
operation. The system should be implemented as an integrated part of the furnace control and automation; the battery 
limit for consideration of the analysis has been set in accordance to this fact. 

Conclusion 

The present paper has described a possibility of increasing the safety of furnace operations by replacing water in cooled 
tap-holes. Although a variety of possibilities are known and applied to reduce the risk of leaks and explosions in the 
tapping area, a complete elimination of this risk is only possible by removing water.  

The cooling medium for this application is METTOP’s ionic liquid ISIS B. This medium will not react with the liquid 
slag or metal in case of a leak or breakthrough, and therefore poses no safety risk. The liquid decomposes above 400°C 
with the formation of gaseous components. During normal operation, a maximum temperature of 200°C should not be 
exceeded. 

The tap-hole itself is designed with the help of CFD calculations in order to achieve a homogeneous cooling medium 
temperature, to avoid dead zones and local overheating, as well as to stay within the operation limits of the ionic liquid 
ISIS B. It is beneficial to install at least two cooling circuits for each tap-hole. 

The ILTEC system for keeping the ionic liquid in a closed circuit was optimized by using HAZID analysis to evaluate 
the safety level and detect possible risks. All safety-relevant components and instrumentation have been designed 
redundantly; several measures for the programming have been defined in order to achieve a maximum possible tap-hole 
lifetime while maintaining a safe operation. 

The residual risk elimination presented in this paper not only increases furnace availability by preventing major 
incidents and repairs, but also a different and optimized cooling element design is possible. This allows longer furnace 
campaigns and reduced maintenance efforts – and increases not only workplace safety but also the profitability of the 
overall process. 
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