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Abbreviated list of technical terms

DoW

DTA

EM

EMF

IGBT

LCA

LCC

TRL

1T

WPT

Document of Work

Differential Thermal Analysis
Electromagnetic

Electromagnetic Forces/Fields
Insulated Gate Bipolar Transistor
Life Cycle Assessment

Life Cycle Costing

Technology Readiness Level
Thermal treatment (in metallurgy)

Wireless Power Transfer
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1 Executive summary

1.1 Background

The NIWE project was designed to try to demonstrate the possibility of a new production process in the
European foundry sector capable of reducing the energy incorporated in foundry products by more than
25%, drastically reducing its carbon footprint. To this end, the final demonstration focused on the three main
foundry sub-sectors: aluminium, iron and steel.

NIWE set out to address these current problems by providing a new technology to the foundry process,
especially focused on the melting process, which sought to have as much influence as possible on the
production chain. The core of maximum risk in this foundry process would be the transmission of the energy
through an inductive coupling, that is to say, without cables, wirelessly. This would provide very fast energy
transmission from the grid to the point of consumption. This energy would be supplied to the heating system,
which, depending on the material to be melted, could be by means of resistances or induction.

1.2 Achievements

Throughout the project, the most remarkable achievements have been the realization of industrial
demonstration tests, in particular the referring to ferrous alloys. Once these crucial data had been obtained,
it was possible to finalize the LCC and LCA calculations and to carry out the required measurements of the
electromagnetic fields on site in the different equipment. The latest LCC and LCA obtained have made it
possible to compare the initial situation with the final situation in order to establish the advantages and
improvements achieved.

Once finished the project, it is possible to summarize it in five and very different technological fields:

e Wireless electric transmission system. The power transmission system was based on an inductive
coupling transfer (wireless system), should allow a highly flexible production in the sectors involved.
This increase in production flexibility was originated for the uncertainty of the demand for foundry
products that occurred at the beginning of the crisis, with ever shorter delivery times and ever more
variable customer orders. For all these reasons, foundry manufacturers are forced to start and
modify their production lines too many times, changing patterns and moulds and, most importantly
in terms of energy penalties, sometimes having to re-melt quantities of raw materials, making the
ratio of raw materials used to be higher than standard. As a result, the cost efficiency of the process
suffers a significant decrease.

e Metallurgical techniques. Despite of extra energy consumption due to the work of WPT system, the
rest of benefits of NIWE balances as improves energy consumption and helps users to reach
significant reductions. In some cases, reductions can be higher than 25%. By means of DTA
techniques as well as a deep study of relevant parameters in the melting process, very good
predictions of microstructure and alloy properties have been possible. This advantageous tool, in
cases of aluminium or cast iron means important reductions of defect’s rates, with the subsequent
savings in raw materials or energy consumptions. It has been also feasible to predict when thermal
treatments could be suppressed or, at least, reduced at the minimum temperature and time which,
once again, improves the process and final material properties.
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Refractories. With respect to the crucible, it has been built on the basis of the most recent chemical
composition and, after its manufacture, a high-pressure treatment (HIP) has also been applied. In the
case of refractory materials, the cost of some additives such as chromium and boron phosphate
makes the special quartzite applied much more expensive than normal. Consequently, the foundries
rejected it because of the increase in costs and, although the performance of the coating is much
higher than usual, this price makes it difficult to sell it and, consequently, to continue manufacturing,
which is the only way to adjust costs and prices. We hope that the results of this project will
encourage foundries to at least test these types of refractories and evaluate them in their own
processes with some continuity. An attractive opportunity price for suppliers should also contribute
to this.

LCA/LCC. This study has been done in three stages following the methodology detailed in ISO
14040:2006. The first consisted of analysing the existing systems in the end users, and in some cases
in the sector, i.e. the baseline before incorporating NIWE technology. The second, with the final data
obtained from the project, studied the same production lines but considering the incorporation of
NIWE furnaces. Finally, in the third stage, the results obtained in both cases were compared to
evaluate the variations caused by the use of this innovative technology.

O Based on them, the total cost of processing 1 t of molten aluminium with the new NIWE
technology is about 35 €/t. 91% of this cost is generated during the use phase and the most
significant cost is that of the furnace body, which represents a contribution of around 55%.
In addition, the cost of WPT is also very relevant in the analysis of LCC (39%).

0 Asfor the economic cast iron study, the total cost of the life cycle associated with a tonne of
casted parts is around 88 €/t (without taking into account the cost of the raw material, but
only the transformations). This cost is made up of 83 % of operating costs, 15 % of investment
costs (depreciation cost) and 2 % of maintenance costs.

0 Finally, the life cycle cost of manufacturing 1 t of cast steel and further processing is around
219 €/t (without taking into account the cost of the raw material, only transformations).
Most of the costs considered are operating costs (91.8%). The other costs are investment
costs (6,2 %) and maintenance costs (1,9 %).

Other furnace innovations.
O Resistors’ furnace. The die-cast parts were analysed in terms of quality and mechanical

properties, using microstructural and mechanical tests, RX and visual controls. The summary
of the main results is:

=  Total internal defective reduction from 10% to 8%.

= Total mechanical and RX defective reduction from 0.5 to 0.3%.

O Castiron furnaces innovations.

=  Furnaces work with IGBTs instead of traditional thyristors.

New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries 6/53
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= Control of the complete melting process (in terms of kWh/t) which helps to optimize
power usage and improve operational safety. It can be linked to other auxiliary
control (particular temperature controllers...).

0 Steel furnaces. As it is said above, the features of smart controls and other advantages
developed in the project are exactly the same for steel furnaces than described for cast iron
furnaces. So, the average results obtained during steel industrial scale tests are quite similar.

1.3 Health and Safety issues

In the concerning to health and safety issues, no limit values for frequencies between 3 kHz and 10 MHz have
been exceeded at any of tested points. Therefore, three installations meet with the limit values set in
Directive 2013/35/EU.

1.4 Dissemination activity

During the project 36 dissemination actions have been performed as fairs attendances, in particular two
World Foundry Congresses, several technical articles, leaflets in technical events, a meeting with
stakeholders and one national tv appearance and other presentations as sectoral bulletins.

1.5 Management aspects

Concerning to management issues, the project had to overcome 4 amendments and other highly risky
difficulties, since four partners had to be substituted. In spite of all these situations, some of them stemming
from the crisis situation in the early years of the project, and being a high-risk technology project, the
objectives have been met. This has often put the Consortium and the Coordinator to the test in order to
resolve the many and strong difficulties.

We strongly recommend visiting the project website (link below), where it can be found the most relevant
and updated publishable information about the project running:

http://www.niweproject.eu
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2 Project context and general objectives

NIWE project want to demonstrate the possibility of a new production process able to decrease the
embodied energy of the foundry products by over 25%, reducing drastically its carbon footprint. The final
demonstration has been carried out focused on the main foundry sub-sectors, as aluminium, iron and steel.

The expected energy efficiency gains have been due to different techniques, previously designed, tested and
implemented, involving new equipment manufacture, materials development, innovative technologies and
smart solutions. All them with the aims of obtaining the highest productivity by means of flexibility, relevant
energy savings and improved competitiveness by a sensible reduction of internal costs of manufacture. This
increase on the production flexibility attends to the increasing variability of the foundry products demand.

The recent crisis has introduced high variability in demands and orders, which can be measured in terms of
quantity and diversity of the demanded products. The manufacturers are now forced to start and stop many
times their production chains, change the moulds and, the most important in energy penalty terms, to reheat
many times big quantities of raw materials. Consequently, the cost efficiency of the process has suffered a
high reduction.

NIWE tackles these actual and current problems by providing a new technology in the foundry process,
particularly focused on melting process, that will take the power by an inductive coupling. This will provide a
very quick power transmission from the grid to the furnace. This power will be supplied to the heating system,
which, depending on the foundry material could consist on resistances or induction heating.

The rapidity of the power transmission system, as well as the wireless operation, will allow the use of smaller
furnaces. This way, the reserve of melted material for feeding the moulds will be smaller, and therefore the
required energy to maintain it melted. In addition, the wireless furnace will provide a flexible operation,
allowing a quick modification of the factory layout, which will be based on easy interchangeable furnaces of
different types and sizes, depending on the demand.

In addition, new refractories, intelligent furnace controls, flexibility or improvements in metallurgical quality
have been studied, developed and implemented. All these techniques mean a significant impact on the total
energy consumption of the process, which has resulted in a large change in the carbon footprint, as
demonstrated in the LCCs and LCAs calculations.

We strongly recommend visiting the project website (link below), where it can be found the most relevant
and updated publishable information about the project running:

http://www.niweproject.eu

2.1 Solutions proposed within this project

Attending to the to the current variability of the foundry products demand, a heritage of the latest global
crisis, the flexibility, in terms of production models, should make quick and easy modifying the plant layout
by following narrowly the demand by means of optimized processes.

A service in the process very indicated for the use of exchange furnaces can be to alternate the manufacture
of different types of alloys, which offers the possibility of producing short and large series in almost the same
way, as well as to adjust the production programs to the existing demand that is more and more variable.
Just-in-time production is therefore possible. This will mean highly flexible production.
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The new production models would actually be very similar, with the exception of the peculiarities of the
materials, which are quite different from each other. In all of them, the use of the WPT system, the new
refractories developed, the intelligent controls incorporated, or the metallurgical techniques developed with
a reduction in the consumption of raw materials and the energy used in the process will play a fundamental
role.

The WPT systems have demonstrated being able to promote great flexibility especially in resistors’ furnaces,
which today allow total interchangeability without risks, but can also facilitate the processes of induction
furnaces if the displacements are short and do not have to make hot disconnections of power supply or
cooling water.

As for products with greater competitiveness and lower internal costs, other techniques have been tried and
optimized:

e New refractories: With its great insulating power, the new refractory brings new advantages over
conventional ones with temperature reductions of the walls in some cases slightly over 50%.

e Intelligent controls allow the application of a power regulated according to the level of metal in the
furnace or they can control the fusion by programming it beforehand so that it does not exceed a
predetermined consumption ratio (kWh/t).

e The metallurgical techniques developed allow, in appropriate cases (never in steel for process
reasons), to optimize/eliminate subsequent thermal treatments, a very significant amount of energy
saved, in two cases the largest of all achieved.

e DTA (Differential Thermal Analysis): Immediately after melting and before casting, the other strong
tool that the NIWE project incorporates into the casting process is the DTA. It provides the foundry
with important information that allows subsequent heat treatments to be optimized or even
eliminated, except for steels, where they are unavoidable.

All this can be summarized in the following sketch that summarizes very well how these new models of work
can be and the beneficial effects that are produced in them.
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Figure 1- NIWE project developed standard working model (green arrows mean savings and advantages)

2.2 Main goals achieved during the project

The project team is working on different tasks involving a complete revision of all the concerned technologies
for each furnace type, smart tools to ease the process in efficient way and energy savings to decrease
advantageously manufacturing costs.

Very summarized:

e Three designs have been developed within the project according to the three lines of work
(aluminium, cast iron and steel).

e New refractory solutions (DEGUISA) are being implemented as well as smart controls on
temperature, weight or communications were also tested in trials (KROWN, ONDARLAN).

e Regarding to the new metallurgical process to be proposed to the European foundry Companies, two
large studies by using Thermal Differential Analysis were carried out and, as consequence of them,
two papers have been presented to impact publications. One more article is expected to be published
in the coming months (TECNALIA, BILBOBUL, FURESA, F2A).

e In the case of aluminium, the lab scale prototype was successfully tested in TECNALIA and at the
moment of this report the tasks corresponding to upset the prototype for cast iron and steel are
being carried out, once again, at the TECNALIA facilities (pilot plant in Irdn).

e The final demo fed by the WPTs of CIRCE (two furnaces of KROWN) for aluminium was constructed
and tested on last February in the plant of FONDERIE 2A and one of the most important milestones
in the project, by the moment, was well achieved (more details in following pages).

e No problems related to safe and health issues appeared in the trials done with first prototypes tested
and, based on this, no problems are expected with the following ones (SEMATEC).

e LCCand LCA studies (CIRCE) continue being completed and will be reported at the end of project.
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3 Actions and achievements of the project

3.1 Technological summary

During the last period, the most remarkable achievements have been the realization of industrial
demonstration tests, in particular the referring to ferrous alloys. Once these crucial data had been obtained,
it was possible to finalize the LCC and LCA calculations and to carry out the required measurements of the
electromagnetic fields on site in the different equipment. The latest LCC and LCA obtained have made it
possible to compare the initial situation with the final situation in order to establish the advantages and
improvements achieved.

With regard to dissemination, different actions have been carried out, such as technical articles, attendance
or participation in fairs and congresses, workshops, etc. We would like to highlight the participation in the
recent 73rd World Foundry Congress held in Krakow and the organization of a meeting of Stakeholders in
Brussels, both last September.

Regarding the initial objectives, the final values in energy consumption and environmental emissions of
equipment for the three alloys have resulted excellent.

General view

Figure 2- Steel demonstrator start-up sequence (BILBOBUL)
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Figure 3- Steel demonstrator tilting molten metal in tests (BILBOBUL)

Based on the trials of the two prototypes tested in the last project period (see Figure 3 and Figure 4 for steel
and iron demonstrators respectively), both worked quite properly. In the case of the WPT some problems
occurred prevented the expected results but considering the lab scale trials’ results we are persuaded that
the technology can be implemented with success but, obviously, designed with accurate electrical data.
Anyway, the furnace in which the WPT was implemented (cast iron demonstrator) was able to rise 300 kW
whilst it was heating a charge of 800 kg, which constitutes a real and huge milestone in the technology.

Figure 4- Cast iron demonstrator pouring metal in tests. On the right the 500 kW WPT (FURESA)

As advanced information, it can be said that now, measurements as energy consumption are carrying out in
order to be compared later against standard data obtained from different foundries. At this moment, during
the validation of the demonstrator, Life Cycle Assessment or Life Cycle Costs analysis are possible to continue
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and complete for aluminium case. During the following months, the basic engineering technical documents
are going to be developed, for the iron and steel case, as well as technical documentation prior to the final
demo construction.

Besides this, referring to cast iron and steel demonstrators, the selection of refractory materials has been
already simulated and performed, the lab scale furnace is installed in the TECNALIA’s facilities and the ICPT
has been designed. In the fourth and last period, the complete validation should be carried.

The main achievements are explained in more detail below.

3.2 Main technical achievements

Having finished the project, we would want the summarize in this chapter the main goals achieved,
individualized in five and very different technological fields.

e Wireless electric transmission system
e Metallurgical techniques

e Refractories

e LCA/LCCA

e Other furnace innovations

3.2.1 Wireless electric transmission system

The solution was already proposed from the beginning, in the first period, with the case of a new furnace
design. This design by means of a power transmission system based on an inductive coupling transfer
(wireless system), should allow a highly flexible production in the sectors involved. This increase in
production flexibility was due to the variability in the demand for foundry products that occurred at the
beginning of the crisis and that today remains, with ever shorter delivery times and ever more variable
customer orders. For all these reasons, foundry manufacturers are forced to start and modify their
production lines too many times, changing patterns and moulds and, most importantly in terms of energy
penalties, sometimes having to re-melt quantities of raw materials, making the ratio of raw materials used
to be higher than standard. As a result, the cost efficiency of the process suffers a significant decrease.

In view of these situations and the resulting costs, NIWE proposed a solution based on the supply of a new
furnace whose electrical energy is supplied to it by means of an inductive coupling system. This provides a
very fast power transmission from the network to the furnace, avoids much of the overheating to the molten
material to have enough temperature to follow in situ the steps of the melting process, so the reduction in
temperature has a beneficial effect on the energy required to maintain the material in a liquid state at process
temperature. Depending on the material to be melted, the energy is supplied through electrical resistances
(aluminium case) or electrical induction (a crucible with a coil for both, cast iron and steel cases).

In the future these power transmission systems by wireless means, i.e. allowing the exchange of positions
between furnaces, could also eventually facilitate the use of furnaces of different sizes and therefore the
energy required to maintain the molten metal could also be reduced.

This is more feasible in the case of electric resistance furnaces and the only drawbacks could be, on the one
hand, to have inductive couplings of variable powers, always with the maximum available from the maximum
power furnace, and on the other hand the amortization of the investment in several furnaces that would
depend on programs of uncertain orders versus the advantages that the flexibility achieved with them would
bring.
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In the case of induction furnaces, interchangeability is more problematic since in operation they require
continuous cooling of the coil and an interruption in this cooling could be fatal. At this stage of the technology,
the furnace movements should be less numerous and always made with the furnace turned off and cold.
They would not be an impediment to certain displacements, but they should be of short distance in order to
ensure absolutely protection of cooling water ducts or electrical power cables and connections.

Another crucial aspect to take into account in the balance of the investment is that the inductive coupling,
as will be seen in the table of results, consumes energy, around 8%. This extra energy requires a very precise
study before investing in this equipment. For the users it must be perfectly clear that the flexibility that is
achieved balances the additional investment and consumption that there will be.

Here below are shown, in separated charts each alloy, the efficiency achieved in lab scale trials, without
technical incidents:

Aluminium
In the end user tests the efficiency obtained between the energy absorbed from the grid and the energy

given wirelessly to the furnace resistances was up to 80% and in some cases up to 85%.

Table 1- WPT Efficiency for aluminium industrial scale demonstrator

Efficiency in average (%)

83.58

Cast iron and steel

We are going to treat both together as it is the same technology. Following this the table with average and
maximum efficiency obtained in 100 kW WPT system (lab scale):

Table 2- WPT Efficiencies for cast iron lab scale demonstrator

100 kW WPT Lab Scale Demonstrator

WPT Average Efficiency (%) | System Average Efficiency (%)
(Primary WPT side vs. (Grid power absorbed vs.
Secondary WPT side) Crucible power received)

93.63% 88.66%

In case of industrial scale demonstrator, which uniquely was tested with cast iron, the chart of efficiencies is
the following:
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Table 3- WPT Efficiencies for cast iron industrial scale demonstrator

500 kW WPT Industrial Scale Demonstrator

WPT Average Efficiency (%) | System Average Efficiency (%)

(Primary WPT side vs. (Grid power absorbed vs.
Secondary WPT side) Crucible power received)
93% Theoretical 90% Theoretical

81.8% - 300 kW Test (*) 76.56% - 300 kW Test (*)

(*The efficiency could be increased with an improved configuration)

3.2.2 Metallurgical techniques

Despite of extra energy consumption due to the work of WPT system, the rest of benefits of NIWE balances
as improves energy consumption and helps users to reach significant reductions. In some cases, reductions
can be higher than 25%. By means of DTA techniques as well as a deep study of relevant parameters in the
melting process [4] [6], very good predictions of microstructure and alloy properties have been possible. This
advantageous tool, in cases of aluminium or cast iron means important reductions of defect’s rates, with the
subsequent savings in raw materials or energy consumptions. It has been also feasible to predict when
thermal treatments could be suppressed or, at least, reduced at the minimum temperature and time which,
once again, improves the process and final material properties.

Is the case where the treatment is possible to void when energy savings reached the 25% (or more). As it is
well known, these techniques have no sense for the steel process.
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Figure 5- Examples of DTA analysis obtained in trials. Cooling curve and its derivatives of Aluminium
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Figure 6- Examples of DTA analysis obtained in trials. First derivative and base lines of Aluminium

The application of cooling curve analysis, known as Differential Thermal Analysis (DTA), turned out to be
another interesting, powerful and competitive advantage tool.

Specifically, in the case of aluminium, the results obtained with DTA show that, by means of the chemical
adjustment of the alloys, it is possible to obtain a more adjusted final microstructure and the selection of the
most suitable temperatures to be used in any composition of the alloy that allows the smelters to decrease
the casting temperature (injection), reducing the rejection rate of the parts, and this reduction will generate
two new savings in their processes:

e Reduction of the energy consumption upstream.
e Strong reduction of the hydrogen solubility in the molten metal as well as the risk of this kind of
porosity.

In addition, liquid phase treatments may allow a better application of subsequent treatments based on the
compositions of the study related to the compositions of the alloys (through intelligent linear regressions)
and even avoid subsequent heat treatment in some cases. This means a reduction in energy consumption of
16 to 21%, taking into account that energy consumption in aluminium fusion is 734.4 kWh/t (on average) and
between 150-200 kWh/t during heat treatment (885+935 kWh/t in total).
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Figure 7- Example of linear regressions used in aluminium for predictions of final properties

Similarly, in the case of iron, when heat treatments can be eliminated, the reduction in energy consumption
will be greater. Bearing in mind that energy consumption during melting is 600-650 kWh/t (on average) and
300-400 kWh/t during heat treatments (900-1050 kWh/t), the reductions range from 31.5 to 40%.

w=Temperatura

——First derivative (smooth 2)

Figure 8- Examples of DTA analysis obtained in trials. Cooling curve and first derivative of Cast Iron
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Figure 9- Examples of DTA analysis obtained in trials. First derivative and base line of Cast Iron

In both cases, heat treatments make the entire casting process more expensive and slower, which in some
cases can take more than 24 hours considering the length of treatment times. In the case of aluminium, the
results based on DTA techniques will promote the saving of solid state heat treatments by closely modifying
and controlling the liquid state, with precise predictions of the quality of the casting.

In cases of unavoidable heat treatments (need for special properties of the parts), DTA analyses will help to
adjust them. In the same way for iron, DTA will help to predict interesting properties in situ, before further
analyses that could delay the process while they are being carried out.

This means significant cost savings in these highly energy-intensive processes (around 15%), reduced lead
times for parts, increased production capacities and, of course, increased competitiveness in customer
services.

Having the possibility of connecting the furnaces at will where the user needs, these consumptions should
decrease drastically, which is a crucial point of contribution to energy efficiency. This mainly occurs, as has
been said, in the areas where the metal is waiting to be cast in the moulds, with the corresponding
expenditure on energy to keep it at temperature.

3.2.3 Refractories

In terms of reducing energy consumption, the increased energy consumption in the foundries, the furnaces,
should minimize losses as much as possible. Accordingly, the design of refractory materials also becomes
crucial.

The maintenance process has an automatic on/off system to maintain the set pour temperature. The energy
always escapes through the walls of the cladding, so the better its insulation capacity, the lower the
temperature losses.
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In conclusion, the development of refractory materials in the project focused on obtaining the highest
insulation properties and service life. For this reason, the latest generation of linings has been previously
selected, carefully developed, customised for the project and subsequently tested in the corresponding tests.

Fortunately, one of the really surprising aspects of the project results has been the important improvement
obtained in the refractory materials, even when the refractory is a part of the furnace that is traditionally
considered very optimized and with little possibility of improvement.

This has not been the case and both in the material of the crucible of the resistors’ furnace and in the linings
of the induction vessels, the improvements have been notable, as will be seen below.

Resistors’ furnace (aluminium)

NEW CRUCIBLE

As far as this coating is concerned, the crucible was built on the basis of the most recent chemical composition
and after manufacture a high pressure (hip) treatment was also applied.

In the following image (Figure 10) can be seen the main differences between components and structure of
the classic material compared to those of the project.

SiC x100

- W
‘ ——re

SiC bigger Bigger Graphite SiC smaller Smaller
particles grains particles Graphite grains

Figure 10- Different materials for aluminium furnace’s crucible
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Figure 11- Installation of the crucible in the demonstrator

IMPROVED FURNACE ISOLATION

The furnaces manufactured operate with two twin heating elements: 100 kW (50 kW+50 kW) and insulating
materials with built-in resistors to obtain a temperature below 45°C in the steel outer casing. Trying to rise
the aims mentioned above different types of materials were studied and the last combination of them is
shown in the next Table 4 and in Table 5 their properties.

Table 4- Relation of simulated materials for Al-case

e Thickness | Total thick. | Temp.
(mm) (mm) (¢C)
Inner 0 0 970
Fibrothal isolation 125 125 906
Promasil 1100 Super 50 175 837
Promalight 1000xAlu6 150 325 45
Alsiflex 1260 Mat 6 331 41
Metallic shell 10 341 41

New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries 20/53

Grant Agreement no. 296024

SEVENTH FRAMEWORK
PROGRAMME

PUBLISHABLE



NIWE - Project Publishable Report

Table 5- List of materials and properties

Nr. | Name Thickness | Conductivity
(mm) (W/mK)

1 Fibrothal isolation 125 0.28

2 Promasil 1100 Super 50 0.103

3 Promalight 1000xAlu6 150 0.027

4 Alsiflex 1260 Mat 6 0,22

5 Metallic shell 10 8

6 Promacret-PF 132/18 100 0.8

7 Promalight 1000xAlu6 100 0.027

8 New material of crucible 50 27

Standard furnaces have an average outside temperature around 90°C, but the final measured temperature
in the project was even under 40°C, obtaining better result than the targeted, as shown in the following table:

Table 6- Outside walls’ temperatures in the aluminium demonstrator

External temperature (°C)

Standard | Expected Trials in | Total Improvement

F2A (%)
90 45 39.8 55.78%

Lining for cast iron furnace

In similar way to aluminium case the furnace for melting cast iron was lined with a new refractory with an
especial layer reinforcing the usual mica.

Table 7- List of materials of cast iron furnace’s lining

Refractory materials Silica HF-P

Bulk density 15502C- 4h 2.11g/cm3
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