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Reduction Kinetics of MnO and SiO2 in SiMn Slags

[002-Kim]

Pyunghwa Kim, Trine Lassen, and Merete Tangstad

Norwegian University of Science and Technology (NTNU), Trondheim, Norway

pyung.h.kim@ntnu.no

The kinetics of MnO and SiO2 reduction in SiMn slags based on Assmang/Comilog ore and HC FeMn slag (High-carbon Ferromanganese slag) were investigated between 1500 and 1650°C under CO atmospheric pressure.  Rate models for MnO and SiO2 reduction in SiMn slags were considered to describe the amount by using two different heating rates.  The results showed that charges with HC FeMn slag had relatively faster reduction rate.  The difference in the driving force was insignificant among the SiMn slags, and the comparison of slag viscosities was rather similar which could not explain the different reduction rates.  Instead, considerable difference of the rate constants among the SiMn slags implied that other kinetic factors, such as trace elements, affects the reduction rates.  The estimated activation energies of MnO reduction were around 920 kJ/mol with both Assmang ore/HC FeMn and Comilog ore/HC FeMn slag.  In addition, the considered rate models were able to describe the reduction of MnO and SiO2 in SiMn slags.
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Measurements of PAH emissions in the ferro-alloy industry

[003-Gaertner]

Heiko Gaertner (Norwegian University of Science and Technology  (NTNU), Trondheim, Norway), T.A. Aarhaug (SINTEF Materials and Chemistry, Norway), B. Wittgens (SINTEF, Norway), Leif Hunsbedt (Eramet Norway), Mildrid Legård (Elkem Silicon), and G. Tranell (NTNU, Norway)

heiko.gaertner@sintef.no

Over the past few years, increasing focus is placed on documentation of Polycyclic Aromatic Hydrocarbon (PAH) emissions from the Norwegian process industry.  In order to sample and analyse the PAH content and type in the process off-gas streams, current standard NS-ISO 11338-1: 2003 proposes 3 sampling method which are regarded as likely to produce equivalent results, however, no comparative trails have been published to establish this.  In addition, the experience from recent industrial measurement campaigns have indicated that reported results from certified measurement bodies/laboratories vary significantly.  Factors affecting the results are both related to process variations, sampling device, and sampling time.  An additional challenge is the laboratory experience and methodology in sample analysis.

In the framework of the Norwegian Metal Production Research Centre (SFI Metal Production), PAH emission from Si- and Mn alloy production in Norway has been studied.  Sampling methodologies and emission variations have been assessed through measurement campaigns by both commercial laboratories and by a team at NTNU/SINTEF.

The paper describes the specific challenges and results in PAH emission quantification from the ferro-alloys industry, and suggests more cost effective, reliable, and easy-to-operate PAH sampling systems for future implementation in industrial applications.
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Silicon carbide production during the silicon process

[004-Jayakumari]

Sethulakshmy Jayakumari and Merete Tangstad

NTNU, Trondheim, Norway

sethulakshmy.jayakumari@ntnu.no

Silicon (Si) is produced from quartz (SiO2) and carbon materials (C) at temperatures around 1800°C, while the temperatures in industrial furnaces during the silicon production process vary between 1000–2000°C.  Silicon carbide (SiC) is an intermediate product in the silicon production process, but plays an active role in the energy distribution in the furnace.  In order to investigate the features of SiC formation, an induction furnace was used to produce SiC from charcoal or coal.  During this process, it was noticed that SiC production is more efficient with charcoal than coal as a raw material.  Very interestingly, silicon production was also observed at 1750°C.

------

Dissolution kinetics of carbon in Fe-Mn alloys 

[005-Kaffash]

Hamideh Kaffash and Merete Tangstad

NTNU, Trondheim, Norway

hamideh.kaffash@ntnu.no

Ferromanganese is a ferro-alloy with a high content of manganese which has a vast application as, e.g., deoxidizer in steelmaking industry.  A variety of different carbonaceous materials are being used for the production of ferromanganese.  There is little data on the dissolution rate of carbonaceous material in Mn-containing metals. 

This paper focuses on the kinetic analysis of Fe-Mn alloys carburization reactions.  Dissolution rate of graphite in two different alloys, Mn/Fe= 1.5 and Mn/Fe=5.6, at two different temperatures, 1723 K and 1823 K was studied.  Rate models for dissolution reaction were considered to calculate kinetic parameters.  To expand the application of rate model, experiments were done with different surface area of graphite.  Results showed that the dissolution rate of carbon from graphite increased as the time and temperature increased.  It was also increased with increasing the Mn content of the metal. The activation energy of the carbon dissolution of graphite in molten Fe-Mn was estimated to be 289 kJ/mol, and the rate constant was 4.5×10-5 m/s at 1723 K and 1.36×10-4 m/s at 1823 K.
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Influence of Si3N4 on viscosity of CaO-MgO-Al2O3-SiO2 suspension system

[006-Han]

Pei-Wei Han, Wei-Wei Zheng, Guo-Hua Zhang, Shu-Feng Ye, and Shao-Jun Chu

Institute of Process Engineering, Chinese Academy of Sciences, Beijing, China

pwhan@ipe.ac.cn; han-ferroalloy@foxmail.com

A feasible method has been developed to remove Al and Ti from silicomanganese ferro-alloy (SiMn) by blowing N2 into the melts, which could solve the problem that current commercial SiMn in China could not meet the technical requirements of Si-Mn complex deoxidation during the production of the high-grade tire cord steels due to the high Al and Ti contents.  TiN and AlN were formed and adsorbed by the top slag.  According to our previous study, Si3N4 particles were generated during the refining process when SiMn had a high silicon content.  Therefore, the refining slag became a suspension system, which is composed of liquid slag and solid particles, for example, TiN, AlN and Si3N4.

There were some investigations about the viscosity of the suspension system with different type solid particles, for example, TiN.  However, there is no report about the influence of Si3N4 particles on the viscosity of liquid slag.

The viscosity of CaO-MgO-Al2O3-SiO2-Si3N4 suspension system was investigated by rotating-cylinder method in the present study.  It was found that temperature dependence of viscosity could always be described by the Arrhenius law with or without solid Si3N4 particle addition.  The activation energies of the suspension system are mainly determined by the liquid phase.  Temperature has little influence on the relative viscosity.  Viscosity and relative viscosity increase as decreasing rotation speed and increasing volume fraction of Si3N4 solid particle.  The influence of Si3N4 particle on the relative viscosity of CaO-MgO-Al2O3-SiO2 melts is much larger than that calculated by Einstein-Roscoe equation.
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Simulation based assessment of dust capture

[007-Olsen]

Jan Erik Olsen and Balram Panjwani

SINTEF, Trondheim, Norway

jan.e.olsen@sintef.no

There are many sources of dust in metal plants, including tapping and casting operations.  The dust poses a risk to the health of plant operators.  The concentration of dust depends among others on natural and mechanical ventilation.  Mechanical ventilation is often applied by a fan through a suction system consisting of a pipe and hood above a dust source.  The efficiency of the suction system can be assessed by CFD simulations.  A CFD model is presented.  It is based on conservation of mass, momentum, and energy, and calculates the dust concentration with a dedicated transport equation for dust.  Turbulence is modelled by a VLES model which captures the larger turbulent structures inherently.  The model is applied in a series of simulations.  It is shown that a traditional model for turbulence, k-epsilon, over-predicts capture efficiency compared to the VLES model.  Therefore a proper choice of turbulence model is required.  The effect of hall-wind and particle size is also demonstrated.  Based on the results, general guidelines for assessing suction systems is provided.
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Reduction of Kemi Chromite with Methane

[008-Leikola]

M. Leikola, R. Hurman Eric, and P. Taskinen

University of the Witwatersrand, Johannesburg, South Africa

rauf.eric@wits.ac.za

Kemi chromite ore of Finland was reduced in CH4-H2 gas mixtures in the 1100° to 1350°C temperature range.  Experimental variables were time, temperature, and the CH4 content of the gas mixture which were 10, 20, and 30 volume per cent.  The phases in reacted samples were determined with XRD, and quantitative phase analysis was performed using the Rietveld method.

Particle morphology and composition of phases were observed using SEM and EDS analysis, and the carbon content of the samples was evaluated using a Leco carbon analyzer.  The reduction proceeded through a shrinking core model in two stages.  In the first stage, hydrogen and carbon from the cracking of methane reduced the iron and some chromium into carbides.  The chromium in the remaining spinel was reduced during the second stage.  Iron was essentially reduced in full after 30 minutes when the temperature reached 1200° and 1300°C, and at 1350°C, it was completely reduced within 20 minutes.  At this highest temperature, all of the chromium was eventually reduced, the residue being aluminium and magnesium oxides with varying amounts of silica.  At the surface of the particle, iron and chromium, together with carbon, formed two alloys: an iron dominated and a chromium based one.  The iron based phase was partially molten at the higher temperatures.  The reduced material formed beads rather than a continuous layer on the residual chromite surface.  At 1300°C and 1350°C the metallization was seen to be completed.  Reduction of Kemi chromite with CH4-H2 mixture was judged as highly efficient as high reduction extents could be reached faster at lower temperatures compared to ordinary carbothermic reduction.  This was attributed to the very high activity of carbon, way above 1.0, due to the cracking of methane into hydrogen and carbon at around 550°C in the presence of a solid phase.
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Determination of Metallization Degree of Prereduced Chromite with Image and Rietveld Analysis

[009-Eric]

R. Hurman Eric, T. Leino, and P. Taskinen

University of the Witwatersrand, Johannesburg, South Africa

rauf.eric@wits.ac.za; rauf.eric@aalto.fi

In this work, metallization degree of prereduced chromite samples is determined using two methods.  The chromite samples were reduced in the solid state by the use of methane/hydrogen gas mixtures.  First method is image analysis of micrographs obtained by scanning electron microscope where heavier metallic phases appear as bright white areas which are relatively easy to segment using a thresholding algorithm written in Matlab.  The second technique is Rietveld analysis of X-ray powder diffraction patterns (XRPD) which fits a calculated profile onto a measured X-ray diffraction pattern to gain information about phase quantities.  Rietveld refinement and phase composition analysis were performed with PANalytical’s X’Pert HighScore Plus program from the XRPD data.  The results from both techniques were in good agreement.

Metallization degrees for the investigated samples ranged from 15 to 65 per cent depending on the extent of reduction which was a function of time, reduction temperature, and methane content of the gas mixture.  These results are promising and show that either image analysis or X-ray Rietveld analysis could be used as a relatively fast method to determine the degree of metallization of prereduced samples in comparison to the slow and tedious chemical analysis.
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Mechanism and Kinetic Modelling of Methane based Reduction of Mamatwan Manganese Ore

[010-Bhalla]

Amit Bhalla and R. Hurman Eric

University of the Witwatersrand, Johannesburg, South Africa

amittbhalla@gmail.com

Reduction behaviour of South African Mamatwan manganese ore using methane-argon-hydrogen gas mixture was investigated experimentally in the temperature range of 1050ºC to 1250ºC.  The effect of changing gas mixture composition, time, and temperature was studied.  It was observed that the bulk of the metallization occurred in the first thirty minutes, and the maximum total metallization reached was 75% at 1200°C.  The extent of reduction and the Mn/Fe ratios in the resulting alloy were significantly higher than those seen in ordinary carbothermic solid-state reduction at similar temperatures, due to lower oxygen potential set up by the very high activity of carbon of the methane-bearing gas mixtures.  It was seen that metallization of Mamatwan ore proceeded in two stages.  First, reduction of the higher oxides to MnO.  Second, reduction of MnO and FeO to mixed carbide of iron and manganese.  Mathematical modelling of the kinetics of the process yielded for the first stage effective diffusivities for CO/CO2 to lie in the range from 1.45 x 10-6 to 8.427  x 10-6cm2s-1 at 1100ºC.  Apparent activation energy for first stage in the temperature range of 1050ºC to 1250ºC varied from 10.05 kJ/mol to 24.72 kJ/mol.  Rate of metallization during the second stage changed between 1.83 x 10-8mol.s-1.cm-2 and 8.55  x 10-8mol.s-1.cm-2.  Specific rate constant values for the second stage (ks), varied from 5.53 x 10-6 cm/s to 3.16 x 10-5 cm/s which are smaller than specific rate constant for the first sage of reduction (kf), which varied from 1.64 x 10-4cm/s to 1.146 x 10-4cm/s, as the rate of second stage is much slower than the rate of the first stage.  Mathematical modelling of the kinetics indicated that chemical reaction was the most likely rate control mechanism for the first stage when the gas mixture contained 10% methane.  However, diffusional control seemed to dominate the first stage when 30% methane containing gas was used.  The slow second stage rate control appeared to be mixed involving both chemical reaction rate and diffusion rate.  X rays analysis revealed that manganese ore was reduced primarily to carbide Mn7C3 at lower temperature range of the experiments, but at 1200ºC the dominant reaction product was Mn5C2.  The SEM images showed the product metallic phase occurring throughout the surface, with globular formation in case of reduction reaction where hydrogen was the carrier gas.
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Compensation of Submerged Arc Furnace by Capacitors Connected in Shunt on Low Voltage Side

[012-Chu]

Shaojun Chu, Zhongsi Li,  Xiangsheng Tao, Tao Li, and Jun Zhang

University of Science and Technology Beijing, China

chushaojun@metall.ustb.edu.cn

It is well known that the power-factor of a Submerged Arc Furnace(SAF) decreases with an increase in furnace size.  It is demonstrated to be economical to install power-factor-correcting capacitors if the consumers purchase and valuate the electric power of SAF based on the maximum apparent power kVA of furnace transformers.  Due to the large current and low voltage on the secondary side of the transformers, the normal practice is to locate the compensation capacitors on the primary side connected in shunt or in series. 

However, both these two compensation methods can only compensate the output power of power circuit on the primary side of the transformers which is not helpful to alter the furnace power factor.  In this paper, a new technical proposal of compensation has been discussed which the capacitors will be placed between the furnace transformers and the furnaces on low voltage side, in this case, it will improve the practical efficiency of the transformers' capacity.  A discussion is also provided on the calculation of the compensation capacitance, the technical parameters of relative devices, and the operational performance of this compensation technology in practical production.
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Primary Study on Medium and Low Carbon Ferromanganese Production by Blowing CO2-O2 Mixtures in Converter

[013-Wang]

Haijuan Wang, Cheng Li, Bo Song, Shaojun Chu, Jiaquan Zhang, and Jing Li

University of Science and Technology Beijing, China

wanghaijuan@ustb.edu.cn

Medium and low carbon ferromanganese (M-LCFeMn) production through a converter process is commonly used in countries such as Norway, South Africa, and Brazil, et al., since it has high productivity, short flowchart, low electric power consumption, hence it is cost effective and it could be the trend for M-LCFeMn production in China.  However, the converter technology has not been applied in the ferro-alloy industry in China because the Mn yield is fairly low and the life time of converter lining is really short.  That is because the Mn will be oxidized into slags as well as evaporated at high temperature since it has a high vapour pressure.  With the aim of solving the problems mentioned above and improving the progress of converter refining technology, CO2 was introduced to mix with O2 as a reacting gas.  Its weak oxidizing ability will be utilized to lower the partial pressure of oxidant gas, while its endothermic reaction with C will be applied to control the temperature.

In this case, the Mn yield will be increased and the lifetime of lining will be prolonged, at the same time, CO2 is recycled as resources in the industry so as to protect the environment.

In the present work, the experiments were conducted in an induction furnace under various mixtures of O2 and CO2.  The oxidation behaviour during the whole process was investigated by tracing the variation of elements as a function of time, and the dust generated in the process was identified as well.

The results indicated that CO2 could decarburize HCFeMn melt rapidly and effectively, and it is feasible to introduce CO2 as a partial oxidant for M-LCFeMn production.  With CO2 injection, the utilization rate of the available oxygen for decarburization was higher compared to O2 injection in the present cases, at the same time, less Mn-losses from the metal bath could be drew from the results, which will increase the Mn yield in converter process.
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Systematic approach for optimization of secondary fume extraction system in Eramet Norway Sauda (ENS)

[014-Kadkhodabeigi]

Mehdi Kadkhodabeigi, Kjell-Reidar Åbø, Roy Nordhagen, Ingvald Klementsen, Kurt-Arild Iversen, and Brede Rokås

Eramet Norway AS, Trondheim, Norway

mehdi.kadkhodabeigi@erametgroup.com

Eramet Norway AS (ENO) is one of the world’s largest producers of high manganese alloys.  ENO produces different grades of ferro-alloys such as ferromanganese (FeMn) and silicomanganese (SiMn) in three plants located in the southern part of Norway.  As a result of the smelting process, diffuse emissions are generated from different metallurgical and operational processes in the plant.  Sustainable operation has always been a priority in ENO.  Therefore, there is continuous work in different plants of ENO for keeping the operations sustainable and environmentally friendly.

One of the main areas of focus in such activities has been performing the required measures for reducing diffuse emissions through more efficient capturing of the emissions, in order to achieve defined environmental goals in the plants.  The above mentioned activities in different plants of ENO, have therefore resulted in continuous improvements in almost all environmental aspects of the processes.  In the present study, examples of a scientific/systematic approach for optimization of the secondary fume extraction system in Eramet Norway Sauda (ENS) have been presented.  Based on this approach, once an issue in the plant is reported, industrial observations, measurements, and discussion with plant personnel are performed to recognize the root reasons of a problem and possible solutions.  It is then followed by theoretical investigations of the issue, using different modelling tools, to simulate the existing conditions of the system and to find out a solution for the problem.  Depending on the results obtained from the investigations, possible solutions are suggested.  When results of the investigations imply that improving of an existing design or making a new design for a part of the fume extraction system is required, different ideas for the design are tested using Computational Fluid Dynamics (CFD) modelling.  The solution found by the modelling work will only be finalized by considering all practical and   operational details which are recommended by professional plant personnel who are experienced in the field.  The final solution is then implemented in the plant and last adjustments are made if necessary.
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Sustainability and Circular Economy: Why and How for Ferro-alloy

Manufacturing 

[015-Eric]

R. Hurman Eric

University of the Witwatersrand, Johannesburg, South Africa

rauf.eric@wits.ac.za; rauf.eric@aalto.fi

The principles of circular economy in relation to sustainability are discussed along with what can and cannot be achieved by the Best Available Technology (BAT) approach.  The metal production processes are driven by fundamental principles of thermodynamics and transient phenomena.  In this context, the importance of physical, mathematical, and numerical modelling of processes/reactors used in the metallurgical industry is emphasized as well as their limitations.  The example chosen here is the ferrochromium refining CLU/AOD reactor.  In this regard, an approach that combines physical cold water experimentation with mathematical and/or numerical modelling including Computational Fluid Dynamics is suggested, in order to be able to verify the findings as well as to be able to scale up and design the reactors from bench to higher even to full size scales.  This concept can be named as Physical and Computational Process Dynamics.  Using the Physical and Computational Process Dynamics approach, considerable improvements in terms of reduction of energy and carbon dioxide emissions, and hence on carbon footprint, can be achieved, and ways and means of changing our linear economies into a circular economy can be found, and BAT targets can well be reached.

Is this enough?  Or can a completely new paradigm of processing with much lower energy consumption and emissions be found that can be adopted on the mid to long term?  This change in paradigm from fundamental principles point of view is changing/altering the governing thermodynamics of the processes.  Here comes the use of natural gas for ferro-alloy manufacturing.  Why and How?  Laboratory-scale experiments have confirmed its potential from a fundamental transient phenomena principles point of view.  Can this be possible on the large industrial scale, can it be used?  If we are prepared to put our minds, energy, and necessary funds for further research why not and we have only this planet to live on at this point in time.

Considering all the above, and remembering the fact that both Antarctic and Arctic ice is melting, which has the potential of stopping ocean currents such as the Gulf Stream, and also keeping in mind the rather sad state of the ferrous metallurgical industry in terms of total emissions and energy usage, to what extent are ferro-alloys affected?
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The degree of manganese reduction from ores in blast-furnace ferromanganese smelting at JSC "Satka Iron Smelting Works"

[016-Senin]

Anatoly V. Senin (South Ural State University, Chelyabinsk, Russia),

A.V. Ivanov, and D.L. Zhuravlev (JSC "Satka Iron Smelting Works", Satka, Chelyabinsk region, Russia),

seninav@susu.ru; zavod@shpz.ru; dgrisczh1972@yandex.ru

The information about residual manganese content in the slag is necessary to evaluate the chemical extraction degree of manganese from the ore.

A thermodynamic analysis of high-carbon ferromanganese smelting was carried out.  The associated solutions theory was used to describe a thermodynamic activity of components in the metal and slag.  Comparison of the calculated and technological data shows that the melting ends in conditions close to chemical equilibrium.

The mineral phases in the slag, and the relative amount and chemical composition of the phases are determined by X-ray diffraction analysis and X-ray spectral microanalysis.  The method of converting the phase volume fraction to phase mass fraction (without using weight density) was offered.  It is established that there is no unambiguous relationship between the total content of MnO by chemical analysis and the MnO content in slag oxide phases.  Also, there is no correspondence between the total content of MnO by chemical analysis and the amount of ferromanganese inclusions in the slag.

A calculation-experimental method for description of manganese losses in the slag has been created.  Correlation equations allow the calculation of the manganese distribution between the ferromanganese inclusions and slag phases by chemical analysis data only, without microscopic analysis of the structure.
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Dissolution and reduction of chromite ore in ferrochromium slags

[017-Eric]

R. Hurman Eric and C.S. Kucukkaragoz

University of  the Witwatersrand, Johannesburg, South Africa

Rauf.Eric@wits.ac.za

The dissolution and reduction of  a  natural  chromite  ore  in  molten ferrochromium slag was studied.  The chemical composition of the chromite ore was ( mass%): 

Cr2O3 : 46.6, Fe2O3 : 8.3, FeO : 18.0, MgO : 10.3, and Al2O3 : 14.1.  The slag samples  were synthetically prepared in the composition range (mass %):  SiO2 : (50-65), CaO : (7.5-32.5), MgO : ( 5-10), Al2O3 : (10-20).  The  basicity ratio  varied  between 0.3 and 0.8.  The  slag  was contained   in a graphite crucible and melted  in  an induction furnace operating at 1650°C under an argon atmosphere.  The chromite ore having a particle size of  (-1.0+0.5) mm was fed into the molten slag.  The process involved both the dissolution and reduction stages, as chromium and iron oxides were reduced with  the carbon of the graphite crucible.  The metallic globules of Fe and Cr were mostly seen on the walls of the graphite crucible.  The dissolution process started immediately as the chromite ore was fed into the molten slag and followed by reduction of  iron and chromium oxides.  Due to the fact that the chromite ore was fed in  granular form, higher surface/contact area promoted the dissolution /reduction  rate.  The slag chemistry  played  a significant role in the dissolution and reduction process.  The results showed that the increase in the basicity ratio of slag increased  the dissolution and reduction rates.
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Equilibrium between Fe-Si-Mn-C (non saturated) alloy and silicate slags at 1500ºC 

[018-Bhalla]

Amit  Bhalla, C.S. Kucukkaragoz, and R.H. Eric

University of the Witwatersrand, Johannesburg, South Africa

amittbhalla@gmail.com

Equilibrium between non carbon saturated Mn-Fe-Si-C–S alloys and MnO-CaO-(P2O5)-MgO-SiO2-Al2O3 slags was studied at 1500°C.  The distribution of manganese, silicon, and sulphur between the slag and alloy phase was determined.  Alloy composition range was (mass%):  Mn: 65 -80, Fe: 15-17, Si: 1.5-17, C: 1.00-3.00, and S: 0.08, while the slag composition changed as (mass%):  MnO: 5.0-25, CaO: 20-35, MgO: 5-15, SiO2:25-60, Al2O3:5.00, and P2O5 < 1.00.  The samples had equal masses of slag and  alloy  placed in a boron nitride crucible.  They were equilibrated in a N2/CO atmosphere in a vertical tube furnace at 1500°C.  The equilibrated samples were separated into the alloy and slag which were subjected to chemical analysis to determine the element distribution between them.  The slag basicity ratio was defined as (CaO + MgO)/SiO2 and the distribution ratio of species as (% i) slag / (% i) metal.  An increase in basicity decreased the manganese distribution ratio but increased both silicon and sulphur distribution ratios.  High levels of CaO and MgO in the slag lowered the MnO content, but high levels of SiO2 increased the MnO content of the slag.  The carbon content of the alloy  was inversely proportional to its silicon content.  Almost all of the sulphur reported to the slag, whereas all of the phosphorus was in the alloy phase.

------

Considerations regarding electrode metering prior to startup

[019-Hockaday]

Chris J. Hockaday

Mintek, Randburg, South Africa

chrish@mintek.co.za

One of the most critical aspects of submerged-arc furnace electrode management is operating at the correct currents for the given operational conditions.  This is particularly true during initial startup, or following a long shutdown, when the electrodes are prone to thermal shock if currents are not regulated appropriately.

As electrode currents are of the order of kiloamperes, direct measurement of these currents is impractical, and so they are generally inferred from transformer primary or intermediate measurements.

While, at first glance, this measurement setup may seem trivial, due to the distributed layout of the transformers, maintaining the correct numbering and polarity to ensure representative measurement of the electrode currents has proven to be a recurring problem.

The measurement setup is extremely difficult to verify while the furnace is offline, and during startup the electrical behaviour of the furnace is often vastly different to normal operation, making distinguishing between measurement error and abnormal furnace conditions challenging.

At the low resistances typical at startup, the effect of the lower power factor is such that disturbances on one electrode actually cause greater changes on other electrodes, making online diagnosis practically impossible. This trouble-shooting process can take days or even weeks, resulting is massive losses in production time.

An electrical pre-startup diagnostic system has been developed that is able to fully verify the electrode measurement circuit from primary CTs through to the final transducers, allowing thorough assessment of the electrode measurement circuit prior to furnace startup, ensuring that all phase numbering and polarities are correct to eliminate any uncertainty present.

------

SCORE: Staged Combustion for energy Recovery in Ferro-alloy Industries - Experimental Verification

[020-Wittgens]

Bernd Wittgens (SINTEF Materials and Chemistry, Trondheim, Norway),

Balram Panjwani, Torbjørn Pettersen, Roar Jensen (SINTEF),

Benjamin Ravary, and Dag-Ole Hjertnes (ERAMET)

bernd.wittgens@sintef.no

The Norwegian ferro-alloy industry cooperates in the field of environmental challenges and is internationally renowned for sustainable production and innovation.

A new concept for off-gas processing for the ferro-alloy industry will be assessed, tested and evaluated.  The concept consists of a combination of a traditional submerged arc furnace combined with a dedicated combustion chamber for controlled energy recovery.  The implementation will integrate ideas from other industries and adapt them to the prevailing conditions.  The concept to be presented improves the potential for high quality energy recovery, and opens to other innovations in the process such as redesign of the furnace itself for reduction of emissions such as tars, hydrocarbons, and CO.  The conversion of today's waste streams, such as dust/sludge from filter systems in ferromanganese systems, into valuable products is facilitated.  The generic concept can be employed for both

ferromanganese and ferrosilicon furnaces.

In order to assess the benefits of the new concept, best available techniques will be developed.  Optimized conventional off-gas units are used for benchmarking of the new concept.  The implementation of optimized energy recovery on existing furnaces will represent an incremental innovation.
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Design and sizing of combustion chamber for energy recovery and oxidation of polycyclic aromatic hydrocarbons (PAH)

[021-Panjwani]

Balram Panjwani, Bernd Wittgens, Stefan Andersson, Benjamin Ravary, Edin Myrhaug, and Mehdi Kadkhodabeigi

SINTEF Materials and Chemistry, Trondheim, Norway

balram.panjwani@sintef.no

One of the by-products during the metal reduction process is energy-rich off-gas of which the inherent energy is normally not utilized.  The process gas also contains Polycyclic Aromatic Hydrocarbons (PAHs).  PAH are organic compounds consisting of only hydrogen and aromatic carbon rings.  In Norway, the most important sources of PAH pollution are considered to be metallurgical industries, offshore oil industries, transport, and wood burning.  Stricter governmental regulations regarding emissions to the outer and internal environment, combined with increased awareness of the potential health effects, have motivated Norwegian metal industries to increase their efforts to reduce emissions considerably.  In the present paper, a novel concept for energy recovery from process gas and PAH oxidation is discussed.  The concept is founded on the idea of introducing a combustion chamber in the off-gas section, which will provide an additional degree of freedom for optimizing energy recovery, minimizing PAH and NOx concentrations.  The design criteria for the combustion chamber have been identified and presented.  Engineering methods and Computational Fluid Dynamics (CFD) have been utilized extensively for sizing the combustion chamber.  A computationally fast approach based on Chemical Reactor Network (CRN) is proposed for understanding the oxidation of PAH inside the combustion chamber.
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Study on Reaction Mechanism of Reducing Dephosphorization of Fe-Ni-Si Melt by CaO-CaF2 slag

[022-Chen]

Pei-Xian Chen, Guo-Hua Zhang, and Shao-Jun Chu

State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, China

ghzhang_ustb@163.com

In the present study, the dephosphorization of Fe-Ni-Si melt by CaO-saturated CaO-CaF2 slag was investigated, from which it was found that the dephosphorization efficiency increases as the silicon content increases, meanwhile the increase rate becomes rapid when the silicon content is more than 10 mass%.  By analysing the phase compositions of the dephosphorization slag of a high silicon Fe-Ni-Si melt, it was first found the dephosphorization products change with the silicon content.

When Si contents are 10.5% (by mass), 31.48%, 34.71%, and 43.15%, the de-P products are Ca2P2, Ca10+xSi12-2xP16, Ca4SiP4 and Ca10+xSi12-2xP16, as well as Ca4SiP4, respectively.  The corresponding dephosphorization mechanism can be described as:.  Furthermore, it was found that rephosphorization behaviour took place.  The reason for this may be the decrease in basicity as well as the increase of oxygen potential in the slags as the reaction goes on.
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High-quality FeV55N alloy was successfully prepared using a carbonitrothermic reduction method.  The effects of the reaction temperature and C/O molar ratio on the oxygen, carbon, and nitrogen contents, as well as the density of the alloy were investigated in detail.  The nitrogen content of the final product reached 12.99% when the C/O molar ratio was 0.8, but decreased with increasing residual carbon content.  The residual carbon and oxygen contents could be controlled to low levels using the proposed process, and a high temperature was beneficial for their further reduction.  Moreover, at 1823 K, the density of the product reached 5.62 g/cm3.  Considering the chemical compositions and density, the product prepared by this process can meet the requirements of the alloy additives.
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The reducing dephosphorization (de-P) of silicomanganese ferro-alloys by CaO-saturated CaO-CaF2 slag was investigated.  It was found that de-P ratio increased as the silicon content increased.  Rephosphorization occurred during the reducing de-P process.  Therefore, it was the key factor to select the proper drossing time for the practice of reducing de-P.  Compared with 1773 K, 1673 K was more suitable for reducing de-P.  Carbon crucible was unfavourable for reducing de-P.  Na2O could deteriorate the reducing de-P when Na2O was introduced into the CaO-saturated CaO-CaF2 slag.
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The effect of water vapour on the fume formation in a SiMn system
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During the tapping, refining, and casting processes of manganese ferro-alloys, there are considerable amounts of fumes generated when the high-temperature molten metal vaporizes and oxidizes in the air atmosphere.  Fuming is undesired from a work environment perspective.  Experimental studies and industrial observations indicate that the fume generated from the casting of ferromanganese (FeMn) alloy can be significantly reduced by increasing the humidity above the molten metal.  However, it is also important to understand the effect of water vapour on the fuming rate of silicomanganese (SiMn) alloys.  Laboratory-scale experiments were carried out by varying the humidity in an impinging air jet blown onto the surface of a SiMn alloy melt.  The fuming rate and fume characteristics (composition, morphology, and particle size distribution) in the wet air experiments were compared with dry air experiments.  The fume composition was also thermodynamically simulated for different gas compositions, using FactSage 7.1.  Fume generation mechanisms and mitigation strategies for Mn ferro-alloys are discussed.
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Using natural gas in reduction of metal ores is sustainable as it is a cleaner source of energy and reducing agent, compared to solid carbonaceous materials such as coal and metallurgical coke.  Natural gas is currently widely used in direct reduction of iron ore, which has shown significant growth in the recent decades, and its usage is interesting for ferro-alloys production.  In addition to sustainability, natural gas application has economic advantages in the geographical locations with large reserves.  In the present study, the application of natural gas for the reduction of manganese ores is studied through experimental work and supportive thermodynamic calculations.  A Carbolite horizontal tube furnace is used to do complete calcination of commercial manganese ores at 900°C in an inert atmosphere, followed by prereduction by natural gas at 1100°C.  Precise characterization of the ores, calcined, and reduced samples are carried out using X-Ray Diffraction, X-Ray Fluorescence, and Scanning Electron Microscopy techniques.  It is shown that chemical, physical, and structural changes occur in the particles during calcination, with significant mass losses.  In addition, the results indicate that reduction of high Mn oxides into both lower manganese oxides, carbides, and even metallic phases is possible.  Moreover, it is shown that the reduction of manganese oxides is more favourable in specific Mn-containing phases in the ore.  Thermodynamic calculations are done to study the equilibrium in the complex related multiphase systems and explain the experimental observations.
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Solid state reduction of pure chromium oxide (Cr2O3) and industrial chromium ores by methane-containing gas mixtures was investigated in a fixed bed laboratory reactor in the temperature range 900–1200°C.  Experiments were conducted at the University of New South Wales (UNSW, Australia) and SINTEF (Norway).  The extent and rate of chromium oxide/ore reduction were determined by on-line off-gas analysis using a mass-spectrometer.  Samples at different stages of reduction were examined by SEM and XRD analyses.

Reduction of pure chromium oxide in the experimental temperature range was close to completion.  The rate and extent of Cr2O3 reduction increased with increasing temperature and methane content in the reducing gas.

Reduction of Chromtau (Kazakhstan) and Coobina (Western Australia) ores was studied at UNSW, while reduction of Ferbasa Comisa (Brazil) ore was examined at SINTEF.  The extent and rate of reduction of ores were relatively low; in the temperature-programmed experiments, the extent of reduction upon heating to 1200°C reached 67% for Comisa Ferbasa ore, 47% for Coobina ore, and only 24% for Chromtau ore.  The paper discusses ores mineralogy, morphology, and constraints in the reduction of chromium ores by the methane-containing gas.
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Operational experience with water leakage detection system for a ferromanganese smelter
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History has taught us that water leakages inside a submerged arc furnace cause a great security risk.  Over the years, several approaches to identify water leakages have been considered.  In general, most of them were only indirect measurements as hydrogen in off-gas, or electrode movements.  After a major incident at a Norwegian smelting plant relating to a water leakage, the Norwegian Labour Inspection Authority came with a set of regulations regarding water leakage detection in the ferro-alloy industry in Norway.  Extensive work was done by Eramet Norway to evaluate and test different methods for water leakage detection.  The conclusion of the work was that the best available technology is measurement of the flow in and out of each cooling circuit.  At Eramet's plant in Sauda, two submerged arc furnaces are producing ferromanganese.  One furnace has an open cooling system and the other has a closed system, both detecting water leakages by measuring the flow in and out of each circuit.

In this paper, the operational experience with the water leakage detection system is presented.  The detection limits and most frequent failures or false alarms are discussed.  An assessment has been made on what size of leak is critical inside a ferromanganese furnace.  The most common situations with water leakages are presented, and procedures for handling the leakages to avoid any safety risk in a given situation are discussed.
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Russian manganese ores are characterized by an elevated phosphorus content (0.2–0.3%).  Manganese concentrates obtained from such ores should be subjected to dephosphorization.  Dephosphorization of manganese concentrates is currently carried out by a pyrometallurgical method.  In this method, phosphorus is selectively reduced from a manganese-containing oxide melt with solid carbon and is transferred to associated metal.  A drawback of the described method is the loss of manganese with associated metal – up to 15–20% of manganese contained in the charge.  A dephosphorization process of manganese-containing oxide melts has been developed.  The essence of this process is that phosphorus is reduced from the melt not by solid carbon but by gaseous carbon monoxide, which is blown through a manganese-containing oxide melt.  At equilibrium conditions, the reaction of the interaction of carbon monoxide (CO) with phosphorus oxide (P2O5) does not develop.  However, as both products of this reaction are gaseous, the reaction can develop if the reaction products are removed from the reaction zone. Dephosphorization process of manganese concentrate at the purging of the concentrate melt with carbon monoxide was studied experimentally.  As a result of purging, the content of phosphorus in the melt decreased substantially: the degree of dephosphorization was from 70 to 90%.
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Separation and recovery of nickel from iron-sludge
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Society calls for new and sustainable methods for handling the increasing amount of landfilled industrial by-products.  The Norwegian “Waste-to-Value” project seeks to utilize iron-rich sludge collected from metal refineries, as there is currently no industrial route for recycling or valorization of this product.  The sludge contains (by mass) approximately 1–2% nickel, a valuable element which may beneficially be extracted from the sludge.  This work explores several methods for the extraction of nickel from the sludge, e.g., by selective melting, by flotation, or by selective reduction with subsequent magnetic separation.  The paper includes both experimental results and associated thermodynamic calculations.
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As part of a broader program to fully characterize the chromite ores discovered in the “Ring of Fire” region of Northern Ontario, NRCan and private research facilities in Canada have performed extensive testwork over the past six years.  The studies focused on developing alternative approaches to producing ferrochromium at lower temperatures and with decreased greenhouse gas emissions.  The use of various fluxes or catalysts for accelerated direct reduction had led to promising results particularly with caustic soda (NaOH).  The initial work had been protected by a patent known as “the KWG process”.  The most recent work by NRCan has confirmed that the addition of NaOH to chromite ores in carefully controlled amounts leads to high degrees of metallization at much lower temperatures than would be achieved by conventional smelting technologies at greatly accelerated reaction rates.

This paper summarises the key findings of the latest work, including the role of NaOH in the reduction processes, and parameters influencing the degree of metallization and alloy particle growth.  The paper also discusses the implications of the results with respect to benefits, challenges, and opportunities for processing Ring of Fire chromite ores into saleable chrome units.
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The paper provides a brief overview of the complex European Union Emissions Trading Scheme, which is the centrepiece of the European Union’s climate policy, and introduces its impact on the ferro-alloys industry in Europe.

The EU ETS established a scheme for greenhouse gas emissions allowances trading within 31 European countries.  The paper features the structure of the scheme that has been fine-tuned over the years, including the evolution towards a fully market-based system.  In this respect, it includes takeaways from the European experience with free allocation, as well as a description of the regime until 2030.

Today, the EU ETS covers almost half of EU’s emissions, and is part of the daily life of a large number of companies.  The ferro-alloys sector is impacted in terms of direct and indirect costs (observed examples and comparison to other industrial sectors in Europe).  The EU ETS Directive represents the backbone of EU’s action against climate change, but it also works in combination with several other pieces of legislation in a delicate balance.  Last, but not least, since the adoption of the Paris Agreement, the EU ETS is set to evolve and live up to the ambition of the European climate policy.

------
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Carbonylation of nickel obtained by the reduction of pure nickel oxide, and in the selectively reduced Australian laterite ore, was studied at temperatures 80–100°C and CO gauge pressure 0–56 atm.  Effects of sulphur-containing catalysts and ore particle size on nickel carbonylation were also examined.  The results obtained show that the extent of nickel carbonylation increased with increasing temperature from 80 to 100°C at constant CO pressure.  The carbonylation of nickel at 100°C and CO gauge pressure of 27 atm was close to completion after 5.5 hours of reaction.  The effect of CO pressure on nickel carbonylation depended on temperature.  At all temperatures, the effect of CO pressure was very strong when the gauge pressure was increased from 0 to 14 atm.  Sulphur-containing catalysts accelerated the carbonylation reaction.  The time for complete carbonylation of nickel was reduced from 5.5 hours in the non-catalytic reaction to 2 hours in the catalytic carbonylation at 100°C and CO gauge pressure of 14 atm.  The extent of carbonylation of nickel from the selectively reduced laterite ore with particle size 53–200 µm at 100°C and CO gauge pressure of 41 atm was below 50%.  The use of catalysts in the carbonylation of selectively reduced ore was ineffective.  The rate of reaction increased significantly with decreasing particle size; the carbonylation of nickel in the ore with the particle size 38–53 and 75–90 µm, was close to completion after 4 hours reaction.
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Industrial pilot for sludge recycling
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Eramet Norway produces Mn-alloys in closed Submerged Arc Furnaces (SAF).  Off-gases are first cleaned by venturi scrubbers.  The collected dust results in a sludge that is currently sent to landfills.  Several projects have  been established to valorize this sludge.  One approach is to transform the sludge into a form that is suitable for transport, feed, and use in the existing SAF and charging systems.  Laboratory-scale tests have demonstrated the feasibility of producing small pellets in high intensity mixers, either after partially drying the sludge or by mixing it with dust.  Pellet quality has been assessed as sufficient to proceed with a pilot test at full scale.  An industrial high-intensity mixer was adapted for test work.  The feasibility with different  compositions was confirmed.  Approximately 80 tons of pellets were produced.  They were fed to the furnace using the current transport and feeding system used for raw materials, at a rate corresponding to the one targeted in a medium term perspective for implementation.  Some degradation of the pellets in the transport system was observed as well as some accumulation in silos.  The pellets did not have any significant impact on furnace operation during the test over five days.
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Current distribution, is critical for good operation of submerged arc furnaces for silicon production.  Control systems do not offer this information as it is not directly measurable, but metallurgists operate furnaces based on experienced interpretation of available data.  A number of recent dig-outs of industrial furnaces has expanded available information on location-dependent charge properties, thus enabling numerical models with reasonably realistic domain configurations.  This has the potential to enhance understanding of critical process parameters, allowing more accurate furnace control.  This work presents computations of electric current distributions inside an industrial submerged arc furnace for silicon production.  A 3D model has been developed in Ansys Fluent using an electric potential solver.  Electrode, arc, crater, crater wall, and gap between electrode and crater wall are considered for each phase.  In this paper, the current distributions in electrode, arc, and crater wall for different vertical positions of the electrodes are presented.
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In order to better understand metallurgical processes, more attention has been given to off-gas composition and  gas phase reactions.  With the application of powerful multicomponent analyzers like Fourier transform infrared spectroscopy (FTIR) and mass spectrometry (MS), complete off-gas composition can be mapped.  For high-temperature experiments, in-situ gas analysis has to be applied in order to obtain accurate information about reaction mechanisms, as kinetics, reactivity, condensation, and chemical equilibrium may change the composition of the off-gas.

This paper summarizes some of the work done on in-situ spectroscopy of gas composition related to the ferro-alloy industry, performed by SINTEF in recent years.  Initial work on emission spectroscopy showed very good analytical performance for quantization of methane at high temperatures.  In-situ spectroscopy has also been applied in order to qualify and quantify silicon monoxide in a reactor at 1700°C after modifying the furnace for optical access.  SINTEF is also currently conducting in-situ experiments in laboratory-scale configuration where PAH emissions are evaluated.  With PAH's boiling points ranging from 200 to more than 500°C, the in-situ approach allows for characterization without losses of heavier PAHs due to condensation.  Future applications and opportunities for advanced process gas characterization are outlined.
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The metallurgical production of ferronickel in the electric arc furnace produces large amounts of slag with a highly acid character and high melting points, which heavily stresses the refractory material.  This publication deals with the investigation of different slag mixtures regarding their melting behaviour, measured by a hot-stage microscope.  Therefore, synthetic slags comprising the main oxides SiO2, MgO, Fe2O3, Al2O3, and CaO were melted in a graphite crucible, and afterwards analysed by a hot-stage microscope in a CO/CO2 atmosphere.  Two designs of experiments, one with Al2O3, the other with CaO as additive, were made, which were created by the statistic software MODDE®, by variation of the slag compositions.  The evaluation of the test results was executed at three different characteristic states of the samples corresponding to the softening, spherical, and flowing temperature.  The results indicated a strong temperature dependence of the characteristic temperatures on the SiO2/MgO ratio.  A high FeOx content in the slag causes a lower melting temperature.  The effect of CaO and Al2O3 on the characteristic temperatures show a dependency on the main slag oxide contents, especially on the SiO2/MgO ratio, therefore a shift of them in both directions is possible.
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Ferro-alloy, one of the most important raw materials in the iron and steel industry, is mainly used as deoxidizer and alloying agents in steelmaking process and used as pregnant agents and additives in cast irons process.  Nowadays, ferro-alloy is generally produced by mold casting-crushing process and GRANSHOT granulation process, which have the disadvantage of high disintegration degree and water consumption respectively.

In order to solve these problems and obtain ferro-alloy particles satisfied productive demand, a novel ferro-alloy production process was developed in this paper.  A circle of water curtain was set around the rotary disc atomizer.  The molten ferro-alloy ejected from the edge of the rotating disc under the action of centrifugal forces, forming droplets.  Droplets were rapidly cooled and solidified during flight traversing the water curtain, and the temperature of ferro-alloy particles declined to the bonding temperature or below.  Meanwhile, part of heat is recovered in the form of hot vapours during the granulation process.
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With the continuous depletion of sulfide nickel deposits and high-grade laterite ore, the development and utilization of low-grade nickel laterite gets more and more attention.  A direct reduction – magnetic separation process has advantages in the utilization of low-grade nickel resources.  However, slag would bond with refractory material at high temperature in this process.  Therefore, in order to improve this problem, a certain amount of silica can be used to increase the temperature point of the laterite pellet.  During the experiment of reducing laterite with high carbon, magnetic separation efficiency can be improved by increasing reduction temperature within a certain range.  In this study, reduction time shouldn't be over 90 minutes, and the content of Ni and Fe in concentrate after magnetic separation reached 5.63% and 71.82% when temperature is 1500°, reduction time is 90 minutes, and C/O is 1.2.  The content of Ni in concentrate after magnetic separation can be enriched by reducing laterite with high carbon, but the enrichment efficiency is low.
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Sludge from manganese production contains significant amounts of manganese that is currently not recovered due to the presence of undesirable impurities.  Spent pot lining (SPL) from primary aluminium production is also a problematic waste, and both of these wastes are currently deposited to landfills.  Sustainability requires new solutions for the handling of these waste streams.

In this work, a method for handling these two waste streams in combination is being explored.  The manganese in the sludge can be recovered by reduction by using carbon from SPL as the reducing agent.

Reduction of the sludge causes the formation of a liquid metal and slag phase.  Many impurities evaporate, aided by the presence of fluorides in the SPL.  Other impurities, such as alkaline elements, are captured by the slag.  Different methods for purification are discussed, including precipitating the valuable metals as a carbide phase in which the solubility of impurities is low.

The work is primarily theoretical in nature, based on thermodynamic calculations and simulations using FactSage software.  The theoretical work is validated by experimental smelting trials.
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Nano-sized powders of metals and their inorganic compounds find application in the development of new technologies for the modification and micro-alloying of metals and alloys.  Plasma synthesis is an effective way of obtaining a wide range of nanopowders.

The report presents the results of developments in the field of production of nanoscale particles of refractory compounds – titanium carbide, nitride, and carbonitride, as well as silicon carbide – from tetrachlorides in a flow of hydrogen-containing thermal plasma generated in an electric arc plasma torch.  The processes are realized in a reactor with a confined plasma jet, which provides a long service life.

The resulting nanopowders of titanium compounds consist of particles of predominantly cubic form having a size in the range of 10–150 nm.  The change in synthesis parameters makes it possible to obtain nanopowders with an average particle size of 30–90 nm.  It has been shown experimentally that the synthesis of titanium carbonitride nanopowder can be carried out without the use of individual gases such as hydrogen and nitrogen, but using natural gas-air mixtures at an elemental ratio of C / O in the neighbourhood of unity, which allows for the reduction of capital and operating costs during the process realization.

The produced silicon carbide nanopowders have a specific surface area from 25 to 90 m2/g, consisting of primary aggregated particles with dimensions of 10–30 nm, the predominant phase in the samples being beta SiC.

The influence of the main process parameters on the physico-chemical properties of the nanopowders produced is determined for the processes under consideration.
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The paper presents procedure, observation, and data obtained during so-called rapid excavation of 33 MW Si-furnace performed within 4 days.  Excavation started one day after the furnace was stopped.  Despite challenging "dig out" conditions caused by the extremely hot interior of the reactor, the nature of the zones, and characterization of samples taken from different zones in the furnace are described.

Accumulation of a 1.5 m thick slag layer around the wall of the furnace seems to be a significant zone in the furnace.  Thus, it limits the space for the active zone for example hindering the flow of the charge material, but also can cause problems with the tapping of the furnace.  Below the loose charge, material consists mostly of particles of SiC mixed with melted quartz, and white slag was located.

Described method, including equipment, sampling, and observation technique for rapid excavation can be successfully used at short furnace stops.
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It has been done on the physical and chemical properties and reactivity of manganese ore or coke, which is the raw material of manganese ferro-alloys, but the characteristics of the products were limited to the density, size, and composition of the products.

Therefore, this study was conducted to acquire basic data on the characteristics of manganese ferro-alloy products, and to analyse the various physical and chemical properties of the produced products.

Through the present work, we have completed the basic data base of products using various analytical methods, and the results of this study will provide basic data for improvement of product properties.
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Reliable thermodynamic descriptions of the Si-based Sr-Al-Ca-Fe-Mg metal and SiO2-SrO-CaO-MgO-Al2O3 oxide systems are essential for the understanding and optimizing the production of Si-Sr alloys.  Phase relations of the SiO2-SrO, SrO-Al2O3 binary as well as the SiO2-SrO-Al2O3, SiO2-SrO-CaO, SiO2-SrO-MgO ternary systems were evaluated and thermodynamically modelled based on recent experimental results and existing literature data.  Phase equilibria in the SiO2-SrO-CaO-MgO-Al2O3 higher-order oxide system were thus possible to calculate by the CALPHAD method.  A thermodynamic description of the Si-Sr-Al-Ca-Fe-Mg metal system was developed based on assessment of all binary systems as well as the Si-Sr-Al, Si-Sr-Mg, Si-Al-Ca, Si-Al-Mg, and Si-Ca-Mg ternary subsystems.  The new developed thermochemical databases have finally been examined by comparing the calculated equilibrium distribution of Sr between metal and slag with recent experiments.  The theoretical Sr distribution maps for both Si metal and 75FeSi alloys in different SrO-containing slags have been reported.
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Ferro-alloys are normally produced in large electrical furnaces, using three-phase alternating current.  In such furnaces, there are significant skin and proximity effects caused by induction effects in and between the electrodes.  Moreover, there may be significant currents induced in conductive lining and furnace shell.  This yields additional proximity effects between the currents in the electrodes and alloy and the induced currents in the lining and shell.

In this paper, a numerical study of these effects in realistic 3D geometries of ferromanganese and ferrosilicon furnaces, is presented.  This model can be used to estimate the induced currents in the lining and shell, as well as the current distribution in the electrodes and alloy when these proximity effects have been accounted for.  Also, Lorentz forces in the electrodes and the alloy can be calculated.  The proximity effects influence the current distribution within the electrodes and within the conductive regions of the furnace.  The consequences with respect to energy distribution and electrode baking are discussed.
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The pelletised chromite pre-reduction process (solid state reduction of chromite, applied by Glencore as the Premus process) is currently the industrially applied ferrochromium production process with the lowest specific electricity consumption.  In this paper, it will be demonstrated that the pre-oxidation of chromite ore prior to milling, agglomeration, and pre-reduction could significantly enhance the level of chromite pre-reduction achieved in the pelletised chromite pre-reduction process.  The optimum pre-oxidation temperature was established as the temperature where a balance was achieved between maximising iron (Fe) migration to the surface of ore particles that were pre-oxidised, while avoiding the formation of free eskolaite (Cr2O3).  For the case study considering metallurgical-grade chromite ore, the optimum pre-oxidation temperature was found to be 1000°C.  Utilising such pre-oxidised ore could theoretically lead to an improvement of approximately 8.5% in the specific electricity consumption, and a 14% decrease in the lumpy carbonaceous material required during submerged arc furnace smelting of pelletised chromite pre-reduced feed.  A techno-economic feasibility of the process will also be presented.
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Airborne Cr(VI) is considered a human carcinogen, while the debate regarding the negative health impacts related to Cr(VI) ingestion is still ongoing.  Small amounts of Cr(VI) are unintentionally formed during several ferrochromium (FeCr) production steps.  In this paper, a number of new insights into Cr(VI) related aspects associated with FeCr production will be presented.

Cr(VI) formation during flaring of closed submerged arc furnace off-gas was investigated for the first time.  Results indicated that less Cr(VI) is formed than previously estimated.  The regional impact of airborne Cr(VI) emitted in the western limb of the Bushveld Complex (wBC) was assessed at a regional background site, which clearly indicated higher levels of Cr(VI) in air masses that had passed over the wBC than over the regional background.  A Cr(VI) assessment of drinking and surface water pollution in the vicinity of FeCr smelters in the South African interior proved that most smelters do not impact negatively on drinking and surface water quality, although exceptions were found.  Leachability tests of semi-closed submerged arc furnace bag filter dust proved that not all Cr(VI) is leached and treated with the currently applied treatment processes and that an alternative approach needs to be developed.
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Damring formation in chromite pre-reduction rotary kilns – influence of pulverized carbonaceous fuel and ore composition
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Electricity consumption is the largest cost contributing factor during ferrochromium (FeCr) production.  Currently, the pelletised chromite pre-reduction process (solid-state reduction of chromite, commercially applied as the Premus process) is the process option with the lowest specific electricity consumption.  Damring formation (material build-up) in the rotary kilns used during pre-reduction compromises pellet throughput, and results in routine kiln shutdowns.  Damring formation can possibly be ascribed to melting of the pulverised fuel (PF) coal (used to fire the kiln) ash and/or softening of the chromite composite pellets in the kiln.

The ash fusion temperatures (initial deformation, softening, hemispherical and fluid temperature) of twenty different PF coal samples were evaluated to assess the temperature at which the PF coal ash will start to contribute to damring formation.  Sessile drop tests were used to assess the softening behaviour of different ore types (e.g., UG2, MG, and LG metgrade), as well as softening of composite chromite pellets made from these ores.  Results indicate that it will mainly be the PF coal ash that will result in damring formation and not ore/pellet softening.  In order to assist FeCr producers to select PF coal to minimise damring formation a mathematical model was derived and presented.
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With an increase of silicon content in silicomanganese alloys, silicon carbide becomes the stable phase.  Low-carbon SiMn with 20 to 30% Si (by mass) is produced by upgrading SiMn alloy by the addition of Si wastes from the ferrosilicon industry.  This paper examines the refining of SiMn by the addition of two grades of ferrosilicon: 55 pct Si and 70 pct Si FeSi in the SiMn melts.

Thermodynamic calculations were carried out to estimate the free energy of formation of silicon carbide with a change in melt composition.  Equilibration experiments were carried out varying the amount of ferrosilicon in the melt.  The investigation was continued by carrying out slag metal equilibrium with various synthetic slag compositions.  It was found that with an increase of silicon content of the ferrosilicon, the driving force for SiC increases at melt temperature.  The formation was fastest through the metal phase, and the effect of increasing silicon content in the metal was evident.  With the addition of CaO-SiO2, the slag layer at the metal interface provides heterogeneous nucleation sites.  XRD analysis determined β-SiC to be the dominant phase formed through both slag and metal.  The equilibrium partition ratio of carbon is largely dependent on the amount of ferrosilicon addition and 70% Si and found to be 1.6 ± 0.4.
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Arrangement for accurate measurement of electrode phase voltages in a three-phase submerged electric arc furnace with electrodes arranged in a delta
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This paper describes the accurate Electrode Phase Voltage Measurement Technique for Electrode and tap position Control of Submerged Electric Arc Furnace (SAF) based on furnace transformers’ secondary measurements.  Efficient control of electric power dissipated in SAF requires accurate measurements of electrode currents and voltages, which are used by the furnace control system to regulate the electrodes and/or tap position of the furnace transformers.  It is an established fact that direct voltage measurement between an electrode and the furnace (a.c.) bath suffers from the induced voltage error caused by very high currents in the electrodes.  The magnitude of induced voltage error can be estimated from a calculation provided by Bretthauer and Timm.  Stewart demonstrates that on an actual electrode-to-bath voltage of 180 V, with electrode current of 100 kA, the induced voltage is as high as 21 V, which corresponds to a significant 12% error.  Such errors can complicate the control of operation and adjustment of the furnace to optimum conditions.  A control system such as the Minstral controller calculates electrode voltages from measurements on the primary side of the furnace transformer/s, where the induced voltage is negligible.  However, here the disadvantage is that it cannot distinguish between the three reactances in a furnace, because of the basic assumption that these reactances are inter-related.  These reactances are caused primarily by the inductance arising from the magnetic field around conductors in association with the a.c. circuit and also a small pseudo-reactance caused by the non-linear behaviour of arcs in the circuit.  The accuracy of the primary calculation method quickly fades when the reactance of the system is not known precisely.  A practical implication of an error in electrode voltage measurement is the unequal and inefficient power distribution within the furnace.  If the measurement of electrode voltage is not accurate, what the control system presumes is equal resistance/impedance will actually be unbalanced.  This will result in uneven heating of the furnace, higher specific energy consumption, and increased wear and maintenance requirements.

The method described here is direct voltage measurement between each electrode and the furnace (a.c.) bath with compensation for the induced voltage.  Here three measuring conductors lead from the bottom of a three-phase SAF with electrodes arranged in a delta, where two of the three conductors from the furnace bottom must be placed symmetrically with respect to the furnace centre and the electrodes, while the third may be placed asymmetrically.  Above the furnace, where magnetic fields are weak, each conductor is connected to an adjustable resistor/impedance; three said resistors/ impedances have a common junction.  Compensation for the uneven voltage is made by adjusting each of the three adjustable resistors/ impedances to a mathematically determined value.  Cancellation of induced voltages in the measuring conductors is possible, thereby enabling generation of a potential at the common junction of the above resistors/ impedances accurately representing the potential of the furnace bath.  Voltage between this common junction to each electrode in the furnace can then give an accurate reading of the secondary phase voltages, which can be fed to the furnace control system.
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Electrochemical Preparation of Cr-Fe Alloys in Molten Salts
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The Cr-Fe Alloys have superior properties including wear resistance, corrosion resistance, heat resistance, and high strength, etc.  However, the utilization of the alloy has been restricted due to its high processing cost, high energy consumption, and serious pollution in the preparation procedures.

In this work, a method of electro-deoxidization, namely the FFC Cambridge Process method, was used to convert cathode solid Cr2O3-Fe2O3 into Cr-Fe alloys in molten salt CaCl2.  The influences of sintering temperature, electrolysis time, and temperature on the composition and morphology of products were systematically investigated by X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy dispersive spectrum (EDS).  It is shown that the sintering temperature played an important role in determining the product's composition and morphology.  With the increase of electrolysis time and temperature, the purity of the Cr-Fe alloy was improved.  The optimum electrochemical synthesis conditions were as the follows: the sintering temperature was 1150°C, electrolysis time was 10 h, and electrolysis temperature was 900°C.  In addition, the calculated current efficiency of electrolyzing Cr-Fe alloys was about 33%, which might be ascribed to the by-production of black carbon.
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The aim of this work was to investigate the disintegration as a result of shock heating for different quartz types used as raw materials in FeSi and Si production.  When quartz is added to a submerged arc furnace where Si and FeSi is produced, the raw materials will experience a severe temperature increase from around 20°C to around 1000°C.  This may cause the quartz to disintegrate in various amounts.  The production of fines may affect the furnace operation by decreasing the charge permeability, and alter the reaction rates in the furnace.  Therefore, it is important to know how much fines a quartz type will produce when exposed to temperatures above 1000°C.

In total, six different quartz types have been tested, and the amounts of fines produced were measured and compared.  The experiments were done in an induction furnace, IF75.  The method has been used before on other quartz types.  Several parallels were done for each type to validate the method used.  The differences between the various quartz types were larger than the differences between the parallels for each type.  The standard sample deviation was calculated for each quartz type.  It varied from 1.3% to 30.5% by mass.  Quartz type D produced the lowest amount of fines, with 3.9–6.6% below 10 mm.  Sample F showed the largest disintegration.  The amount of fines below 10 mm was around 70% by mass.
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The Tasmanian Electrometallurgical Company (TEMCO) is part of the newly formed company South 32.  South 32 has several operations producing aluminium, nickel, coal, and manganese.  TEMCO operates four furnaces and a sinter plant, with an annual production capacity of approximately 270 000 tonnes of ferro-alloys and up to 325 000 t of manganese sinter.

TEMCO F1 was rebuilt in 2001 with a freeze lining concept from UCAR/Graftec to improve the safety of operations by effectively testing the longevity of the new lining design.  The aim of the furnace installation was to reach a minimum of 15 years of operation with a target design load of 20 MW and production of HC FeMn and SiMn alloys.

This paper presents the operating envelope of the furnace and the performance outcomes achieved over the 2001-17 operating period.

The F1 Rebuild Project included the replacement of the original shell, new under hearth air cooling, water cooling on shell sidewall modifications, to the tapping floor launders and also to the raw materials handling systems.

The intention of the TEMCO metallurgical team was to apply the learnings from lining development at TEMCO, and develop an on-line lining management system to monitor and control the wear rate of the furnace by using an array of thermocouples in sidewalls and hearth, with the information alarming management automated by the process control system.

Since commissioning the new furnace in 2001, the highlights/lowlights of operations will be described including

•
Capacity improvements from incremental load increases from 20 MW to current 23 MW

•
Lining management system and performance

•
Shut and restart from market downturns

•
Variable load operations during state power shortages

•
No tap-hole repairs after 16 years

•
Challenges to maintenance program from extended furnace life

•
Key performance indicators

A failure of the refractory lining in TEMCO furnaces is treated as a material risk, and there are critical controls in place to maintain the risk within a  “well controlled” state.  Well designed risk control philosophy of South 32 is discussed, together with work in progress to manage the furnace until the next rebuild in 2021.
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TEMCO Furnace 2 Electrode Upgrade Project
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The Tasmanian Electrometallurgical Company (TEMCO) is part of the newly formed company South 32.  South 32 has several operations producing aluminium, nickel, coal, and manganese.  TEMCO operates four furnaces and a sinter plant, with an annual production capacity of approximately 270 000 tonnes of ferro-alloys and up to 325 000 tonnes of manganese sinter.

The TEMCO upgrade project in 1985 resulted in the installation of Elkem Modular Holders on the 1.42 m diameter electrode columns at Furnaces 1 and 2.  The design basis for this was to increase the current-carrying capacity of the electrodes without increasing the diameter.  However, TEMCO experience has been that there has been a history of high failure rate on the clamp areas and uneven current distribution around the electrode circumference.

This Paper presents the TEMCO F2 Electrode Upgrade Project which was to retro fit conventional design 1.5 m electrode columns on the furnace with a new cover.  The shell and lining were not replaced.  All work was carried out without any personnel entry into the furnace crucible.  The operational aspects of restart and commissioning are also discussed for interest, with some comment on the treatment of early operational issues that have been noted with the furnace during load ramp up to normal operating load.

The Furnace Operating Envelope is described before the upgrade, and some performance information is used to described the problem statement of failure of the electrode clamps and the impact on operations.  A comparison is provided of the operations after the furnace start up.

The Engineering and Operational team collaboration including;

•
Rundown of the furnace and remove burden 

•
Removal of 1.42 m electrodes and columns

•
Preparation of the furnace, and set up new electrodes with cases ready to make electrodes

•
Baking electrodes and charging the furnace to first tap

•
Load increase to 24 MW operation

Key operational performance data is presented for information, and the basis for developing a strategy for improvement is discussed, together with the current work of assessing the effectiveness of the operation at 24 MW.

Lining management is a key focus at TEMCO operations, and a study is currently underway on the impact of the larger electrodes operating at an increased PCD with higher power.  A discussion of the relationship with between load and PCD will be included and how TEMCO will manage the on-going furnace operations.
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Structural evolutions during cooling of manganese alloys and cooling rate effects
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Manganese, although neighbouring to iron in the periodic table of elements, is characterized by very different and specific physical and mechanical properties.  For example, at room temperature, its hardness is such that pure manganese can scratch glass.  Obviously, the corollary is a great brittleness of this material.

Ferromanganese alloys exhibit characteristics of hardness and brittleness similar to those of pure manganese.  The silicomanganese alloys are also hard and brittle, in relation to the nature of the phases which constitute them.

These two categories of alloys are marketed in the form of calibrated blocks obtained by crushing.  Their great brittleness has repercussions on their productivity: there are considerable losses of matter in the form of fines at all the production steps, but also during transport and other handlings.

The relationships which may exist between the properties of these alloys and the structural state in which they are as a result of their solidification are not sufficiently known.  In particular, are there optimum cooling conditions from the liquid state which would favour their resistance and thus limit the quantity of fines?

The authors attempt to answer this question in the case of three commercial alloys, the ferromanganese LC & MC FeMn and the standard SiMn.

Numerous dilatometer tests carried out at various cooling rates on previously cast samples reveal the phase transformation domains of each material and make it possible to measure the contraction coefficients associated.  Electronic microscopy examinations of each sample after dilatometer trials describe the structural changes as a function of the cooling rate.

------
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Outotec has developed a new process to recover vanadium from Linz Donawitz (LD) converter slag.  In the literature, different processing options are suggested to recover vanadium.  This new process option includes hydrometallurgical removal of calcium from the slag prior to the smelting and production of vanadium product.  A calculation study was made to show the differences in the main consumables in the processes.  This study shows the benefits of the calcium removal before the smelting.

The original method for recovering vanadium from LD slag is to smelt and reduce the LD slag directly in an electric arc furnace with a high amount of fluxes such as quartz.  The produced pig iron consists mainly of iron, vanadium, silicon, and other minor elements.  The high calcium in the LD slag requires heavy fluxing in order to decrease the liquidus temperature of the reduced LD slag to an acceptable level.  The original process with heavy fluxing has a very high energy consumption (per unit of produced metal).  When part of the calcium is removed from the LD slag prior to smelting, there is less material to smelt, and the need for fluxes decreases.  In addition, by decreasing the silicon bearing fluxes, the amount of silicon, which directed into pig iron, is minimized and energy consumption in smelting is further decreased.

The new process option includes calcium leaching with ammonium chloride solution before smelting.  With 2 M ammonium chloride solution, approximately half of the calcium in the material is leached.  The solution is fed to carbonation, where carbon dioxide is added and calcium carbonate is precipitated.  After that, the solution is ready for recycling to leaching.  Flue gases can be used as a carbon dioxide source.

The treated LD slag can be smelted similarly to that in the original method, but with considerably lower total feed into the furnace (same vanadium mass), resulting in lower energy consumption and lower silicon content in hot metal.  After smelting, the hot metal can be converted to get vanadium-rich slag and pig iron product.  The vanadium rich slag can be further processed into vanadium products such as ferrovanadium.
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Pyrometallurgical smelters consume significant amounts of fossil fuels.   Notwithstanding emission abatement technologies, these smelters emit various atmospheric gaseous pollutants such as carbon monoxide (CO), sulphur dioxide (SO2), nitrogen oxides (NOx), volatile organic compounds (VOCs), and fine particulate matter (e.g., particles smaller than 10 µm, i.e., PM10 and 2.5 µm, i.e., PM2.5), which are important from an air quality perspective.  Additionally, carbon dioxide (CO2) and black carbon (BC), the two most important atmospheric climate forcing species are also emitted.

It is important to model the contribution, transport, and impact of pollutants emitted by pyrometallurgical smelters.  In order to achieve this, atmospheric modellers require an accurate emission inventory, which indicate emissions (how much of what species by which processes), emission periods, stack-/emission heights, and emission velocities (if emitted through stacks).  However, in many countries atmospheric modellers do not have access to a proper emission inventory, or they are legally prohibited from obtaining such information.

The current paper demonstrates how fire radiative power (FRP) observations by the Moderate Resolution Imaging Spectro-radiometer (MODIS) instruments on board the Aqua and Terra satellites can be used to estimate the availabilities of pyrometallurgical smelters.  Such temporal activity patterns will assist modellers to re-create air quality scenarios for regions more accurately.
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In recent years the demand for ferro-alloys in China has increased, and competition between industry players has grown tighter.  At the same time, new ferro-alloy plants in China are facing stricter standards for environmental emissions.

Outotec recently supplied modern chromite smelting technology for the production of charge chrome to two Chinese customers.  Phase 1 of the Mintal Group’s project consists of one pelletizing- and sintering plant and two closed smelting furnaces with preheating kilns.  Phase 1 of both customers were commissioned in 2013 and 2014.  Phase 2 of the Mintal Group project will be commissioned year 2017.

The main raw material for the plants is South African chromite concentrate, mostly UG2-concentrate that has traditionally been seen as a difficult and not so valuable raw material.  With Outotec pelletizing and sintering plant technology, this chromite concentrate is agglomerated and made into ideal feed material for the smelting furnaces.

With the Outotec process technology, the emission limits and production targets have been reached for specific energy consumption, metal-yields, coke consumption efficiency, metal production, and particle emissions in off-gas.  Also, the process has no formation of hazardous Cr6+, and the produced CO gas has been used as a fuel in various places and in electricity generation.
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Ferrochrome producers typically operate single tap-hole furnaces with alloy and slag separation occurring post-tap-hole usually by means of a skimmer block.  Both streams are then cast directly onto a prepared surface, or, in some cases, a layer-casting process is employed via hot metal ladles.  All of these processes require significant cooling time, followed by extensive in-situ crushing operations which lead to a high burden and cost in terms of time and on-site material handling.  Moreover, the slag is then further crushed and screened in a chrome recovery plant, in order to liberate any entrained alloy, after which the slag is discarded.  An opportunity exists to introduce a new unit operation as an integral part of the classical metallurgical process with the introduction of Dry AtomizationTM (DA) as a process step to replace current casting and crushing operations.  DA promises advantages in terms of speed (faster processing), safety (explosion-proof and water-free process), alloy liberation (elimination of middlings), and production cost (elimination of crushing).  A campaign is being embarked upon to test the technology in order to determine its effect on the ferrochrome value chain within the metallurgical complex.  Furthermore, the potential for down-stream slag sales due to the improved physical properties of the slag are explored.  Here we report the results of this test work, and explore what strategies may be developed to integrate the technology into the ferrochrome sector.
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A review of the basic parameters in operation of submerged arc furnaces is given.  The importance of controlling the electrical operating parameters according to the principles presented by Mr Jens Westly in the 1970s is highlighted.

Basically, the specific energy consumption for production of high-silicon alloys depends on the silicon recovery and the furnace efficiency.  The silicon recovery depends mainly on the raw material quality, but also on furnace design.  The furnace efficiency depends on the furnace operating resistance and the loss resistance, which is again related to the furnace design.

A case from practical furnace operation is presented.  This case shows how the furnace dimensioning and design affects the furnace efficiency and hence the specific energy consumption.  Possibilities for further improvement of furnace efficiency and reduction of the loss resistance are discussed.
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Maintaining adequate electrode sealing is typically a challenging task in operating submerged arc furnaces in the ferro-alloy industry.  The frequent axial regulation of the furnace electrodes coupled with radial tip movement due to high electromagnetic and mechanical forces, tapping cycles, and thrusts from charge banks results in extensive abrasion and deformation of the seal packing.  Furthermore, electrode seals are directly exposed to hot and often combustible freeboard gases resulting in large temperature differentials and significant material limitations for the primary sealing component.  Inadequate electrode sealing typically leads to either poor emission control or excessive air ingress, poor off-gas quality, high freeboard temperatures and thermal damage to furnace roof components.  All these factors contribute to create a challenging environment for metallurgical process control while requiring high life-cycle maintenance costs.  This paper examines the impact and benefit of sufficient electrode sealing in general, and references a case study wherein a newly developed seal has been installed to address this complex interface.  The performance of a novel sealing arrangement and associated process improvements is presented.
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Predictors of use of Respiratory Protective Equipment in the Norwegian Smelter Industry

The role of Safety Climate, Work Experience, and Attitudes in understanding
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Previous research reveals higher incidence of chronic obstructive pulmonary disease (COPD) symptoms in Norwegian smelter workers compared to average population controls.  A questionnaire of 233 items measuring demographics, attitudes, safety climate (SC), work experience (Work Experience Measurement Scale: WEMS), and more was distributed to approximately 1000 workers in the Norwegian smelting industry in order to explain the relationship between psychological factors and self-reported percent-wise use of respiratory protective equipment (RPEs) while in exposed/mandatory areas.

The Attitude scale is divided into three sub-structures: attitudes towards behaviour, subjective norms, and perceived control.  Attitudes are evaluations of the behaviour in question, such as “Is it comfortable”, “Is it healthy”, and so on.  Subjective norms are the individual's perception of what the social norms are regarding the behaviour in question, i.e., “My colleagues focus on using RPEs as often as they can”, and last, perceived control is the individual's perception of how well they can control the behaviour.  Statistical analysis made it possible to predict the use of RPEs based on participants' Attitudes, Safety climate, and Work experience.  In our model, Attitudes and the interaction between WEMS and SC significantly predicted the use of RPEs.  No other relationships were significant.  Within the Attitude scale, both Attitudes towards behaviour and subjective norms significantly predicted the use of RPEs.

The results suggest that, in this case, focusing on building and promoting social norms regarding the use of RPEs is more important than telling workers that it’s important for their health.  These results are also compared with the different plants' policies regarding RPE use.  Is it mandatory, and, if so, are there consequences and sanctions if the required RPE is not used.  If, for instance, the use of RPEs is not influenced by rules and policies, what then is the point of using company time and effort policing said regulations?

Further research is warranted to help explain safety behaviour, in order to increase the likelihood of HSE strategies being effective.
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Previous studies have shown that there is an increased risk for pulmonary diseases such as Chronic Obstructive Pulmonary Disease (COPD) among workers in the Norwegian ferro- and silicon-alloy industry.  One of the main aims in the ongoing DeMaskUs study is to reduce the risk for respiratory disease for workers caused by nano sized particles through optimizing the use of respiratory protective equipment (RPE).  A step towards that goal is to identify reasons why RPE is not always used in situations where such use is required.  A questionnaire containing 233 questions addressing different issues relevant to assessing protective behaviour was distributed to approximately 1000 workers.  The responses showed that 75% of the respondents do not always use respiratory protective equipment (RPE) in exposed or mandatory areas.  Additionally, the respondents were asked to identify specific reasons for not wearing RPE in mandatory situations.  Comfort issues, practical, logistical, and technical reasons were among the reasons that were listed.  Here we summarize the answers from the workers, and suggest practical measures that can be taken to meet the requests and increase the use of RPE in situations where such use is required.
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In 2017, UHT commissioned a CLU-plant at Hira’s Raipur FeMn production site.  HC FeMn from two furnaces are charged in one 12 t CLU-converter where metal is refined to MC, LC, and ULC FeMn.

Hira reached full production capacity within two months of operation, thanks to the fruitful collaboration between local management, skilled operators, and UHT engineers.

Excellent process control and very high yield is constantly achieved by use of modern process control systems, superheated steam, and careful material handling.
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The Norwegian Ferroalloy Producers Research Association (FFF) was founded by the Norwegian ferro-alloys industry to carry out joint research on ferro-alloy processes and products.  Through this research, FFF aims to maintain the Norwegian ferro-alloys industry's position at the forefront of developments in the production of ferro-alloys and environmental issues.

Education of qualified personnel for the ferro-alloys industry is an important part of FFF's work.  In the period from 1993 until today, 54 PhD students have completed their PhD thesis with the support of FFF and the Research Council of Norway.

The project portfolio of FFF today is diverse and reflects the ferro-alloy industry's needs and challenges.  Since the beginning in the early eighties, several studies on a fundamental level regarding reaction mechanisms and kinetics, and energy efficient production of FeSi/Si and FeMn/SiMn, have been carried out.  In addition, ongoing projects are focused on: Improved utilising of raw materials, Use of natural gas and biocarbon as reductants in the ferro-alloy industry, Controlled Tapping, Heat recovery, and Environmental challenges including reduction in CO2 emissions.

Focus for the paper/presentation will be the value of long-term research for the industry partners in FFF.
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Study of SiMn process in a pilot furnace
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Production of SiMn was investigated in a pilot furnace, 1 m in diameter, operated at 170 kW for 12 tappings, covering around 8 hours of SiMn production.  A method to run comparable experiments was developed.  The main objectives for these types of experiments are to describe zones and reactions in the furnace and how these are affected by different conditions, especially raw materials.  Two similar experiments were run.  The Mn-sources were a mixture of Assmang ore and HC-slag, while coke was used as reductant.  To achieve a stable coke bed, the electrode tip was kept in a fixed position relative to the coke bed, and furnace resistance was allowed to vary.  Electrode wear in the experiments was large, and the holder position had to be adjusted accordingly.  Analysis of tapped metal showed that SiMn with up to 19% Si could be produced from this charge mixture.  Cross sections cut through the centre of the furnace after the experiments allowed detailed studies of the furnace interior.  A coke bed, consisting of liquid slag and alloy and solid coke, was found in the lower part of the furnace, below the electrode tip.  Most of the reduction seemed to take place at the top of the coke bed.
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Brazilian ferronickel producer improves product with new granulation method
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UHT has developed a new granulation method with the aim of improving the granule size properties.  The new method consists of a Rotating Tundish for distributing the metal during granulation.

The method was developed in-house in UHT’s pilot granulation plant, and was implemented at full scale at the Anglo American Barro Alto Ferronickel plant in Brazil during the beginning of 2016.  By changing the distribution method of metal, the granule product size has been greatly improved, especially by minimizing the amount of smaller-sized material.  With the new method, the risk of build-ups and freezing of ferronickel on the sprayhead has also been removed, which is important from a process stability and safety perspective.  This paper discusses the new granulation method, and the industrial experience gained at Barro Alto after the first year of production.
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The effect of Mg and Al impurities on the carburization of chromite by Ar-CH4-H2 gas mixtures
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Methane gas, utilised as a reductant, is promising thermodynamically for the reduction of chrome-containing oxides, and possibly economically for the ferrochrome industry.  In a context of high electricity prices, this new approach is increasingly considered as a potential path to follow.  Concerning chromite ore, the sensitivity of the reaction to the composition of the oxide needs to be assessed.

The present work aims at evaluating the influence of Al and Mg in the chromite spinel on the reaction mechanism and thus the degree of reaction.  Spinel solid solutions of controlled composition are synthesized and later reacted in an Ar-CH4-H2 gas stream.  The phases formed during reaction, as well as the propensity of methane to deposit carbon as graphite, are studied under various experimental conditions.  X-ray diffraction techniques, x-ray photoelectron spectroscopy, energy dispersive spectroscopy, and oxygen content analysis are employed for the characterization of the product.  The distinct reaction route in each material is discussed in the light of the electron microscopy images.
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Reduction rate of MnO from two different charge compositions in ferromanganese production process
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This research is aimed mainly at the study of the reduction rate of MnO during the ferromanganese production process from two different manganese ores, namely, Assmang and Comilog ore.  The emphasis was on how different charge compositions affect the reduction process while processed under identical conditions.  Charge basicity and temperature were used as experimental variables in this investigation.  The charge basicity, ranging from 0.4 to 0.9, was varied by adding lime or quartz depending on whether the ore was Comilog or Assmang, while the temperature varied in the range from 1400 to 1500°C.

The experimental work was carried out in a thermogravimetric furnace using metallurgical coke as the reducing agent in the presence of CO as gas atmosphere at atmospheric pressure.  This technique is an attempt to simulate at the laboratory scale the industrial conditions.

A low reduction degree of MnO was observed for charges based on Comilog charge at 1400°C compared to that of Assmang ore, while at 1500°C a higher reduction degree was obtained for charges of Comilog ore.

The activation energies of MnO reduction, between 1400 to 1500°C, were estimated to vary from 196 to 342 kJ/mol for Assmang charges, while those of Comilog charges were from  359 to 521 kJ/mol.
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Will the Envisaged Stainless Steel Growth Rate Rattle the Chromium Cage?
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The envisaged stainless steel production could grow by 20 Mt/a by 2028 and would require an additional 8 Mt/a of ferrochromium (FeCr) with smelting furnace capacity of around 40 x 75 MW furnaces.  A combination of advanced pre-heating / pre-reduction technologies and large-capacity furnaces is probably the only way to meet this demand.  This growth implies that four new FeCr furnaces of this capacity need to be installed every year.  This equates to a new FeCr plant producing around 700 kt/a of FeCr.  The DC furnace approach is still developing rapidly, and furnaces of around 75 MW should be advanced enough to play a leading role in the needs of the FeCr industry over this period.  Southern Africa is probably the only region that can supply most of the chromite needed for this expansion, with other regions, such as Finland, Kazakhstan, India, Turkey, and possibly Canada, supplementing this.  This requirement raises several important questions including where will the supply of around 20 Mt/a of chromite ore come from, where will the electrical energy supply be available from at a competitive price, where will the necessary investments come from, and what technology will be used to achieve this level of growth in the most cost effective and environmentally friendly manner?  The paper will attempt to answer some of these challenging issues.
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Design and implementation of a ferromanganese secondary fume extraction system at Eramet Marietta
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Significant secondary fume emissions are generated during tapping, slag raking, and casting processes at Eramet’s C1F furnace in Marietta, Ohio, USA.  The semi-open electric arc furnace can produce either SiMn, which is cast on sand, or high-carbon FeMn, from which slag is raked and processed in another building.  New EPA legislation requires high efficiency at-source fume capture and a maximum average opacity reading of 8% from building roof tops in a “tap to tap” cycle.  Previous tap-hole fume capture equipment was undersized and not optimally designed, and consequently unable to meet fume capture requirements.  There were also no fume capture systems in place at the slag raking and casting processes.

Resonant designed fume capture systems for all three processes, utilising the existing tap-hole fume capture system and adding further extraction capacity.  The fume capture extraction was designed from basic principles, site tests and observations, previous test campaigns, as well as video footage analyses (fume velocities).  Extraction design provided input parameters for CFD modelling where fume capture efficiency could be determined and the design optimized to achieve high fume capture efficiency.  Various enclosure and hood designs were considered and these were extensively workshopped with site personnel to ensure workable solutions.  This paper presents the methodology, results, and conclusions of the extraction design and CFD modelling as well as the commissioning and environmental compliance testing results.
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Simulation of the ferrosilicon process using small-scale laboratory experiments
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The production of silicon (Si) and ferrosilicon (FeSi) alloys is one of the largest metallurgical industries in Norway.  These alloys are usually smelted in electric arc furnaces.  The aim of this work is to increase process understanding and operational efficiency by simulating such furnaces using laboratory equipment.

Graphite crucibles were filled with coke, quartz, iron ore pellets, and wood chips provided by an industrial partner, and heated in an induction furnace.  Three sets of experiments were carried out to simulate the production of three different alloy grades: 96, 75, and 52% Si (by mass) at two different temperatures of 1800°C and 1850°C, and a constant holding time of 30 minutes.  The crucibles were later cast in epoxy, and various domains were analysed using scanning electron microscopy.  The phases evidenced in the different zones of the crucibles are discussed and compared to observations from industrial furnace excavations.  The effect of the alloy grade on the distribution of the products is also considered.
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Model of the FeSiAl Process in the Submerged Arc Furnace
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Based on the minimum Gibbs Free Enthalpy algorithm, a physicochemical  model of the FeSiAl proces in the submerged arc furnace has been presented. By analogy to the ferrosilicon process, it has been assumed that the model of the reaction zones  in the submerged arc furnace is a system of two closed isothermal reactors: an upper one with a lower temperature T1 (reactor 1), and a lower one with a higher temperature T2 (reactor 2).  Between the reactors and the environment as well as between the reactors inside the system, a periodical exchange of mass occurs at the moments when the equilibrium state is reached.  In each cycle, a reaction mixture with a composition corresponding to the feed mixture in the FeSiAl smelting process is introduced into the upper reactor. Simultaneously, the condensed products of chemical reactions move from the top to the bottom, and the gas phase components move in the opposite direction. It can be assumed that in the model, the reactor 1 corresp onds to the charge zone of submerged arc furnace where heat is released as a result of resistive heating, and the reactor 2 corresponds to the zones of the furnace where heat is produced by electric arc. Based on the model, the balances of heat and mass as well as the relations between temperature conditions of the reactors and the efficiency of the FeSiAl process have been determined.

In 2017, a pilot installation for the FeSiAl production in a six-electrode submerged arc furnace with two transformers 2x7.75 MVA has been started  in the Re Alloys Plant in Poland. One of the main raw materials for the FeSiAl  proces is selected waste from the hard coal mining which include oxides of SiO2, Al2O3, Fe2O3, and small amounts of CFix. Technological tests carried out in the industrial conditions will allow on verification of the physicochemical model.
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Quality of charcoal from Eucalyptus clones for silicon production
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Silicon metal as a commodity material is produced by carbothermic reduction of quartz in electric submerged arc furnaces, where CO2 forms as a by-product. Replacing the use of fossil reductants with wood biomass biocarbons has a great potential with respect to reducing CO2 emissions and the contribution from this industry to the increasing greenhouse gas effect. Nevertheless biocarbons are significantly different in a wide range depending on the raw biomass properties and the biocarbon production process conditions. In this study, the main objectives were to assess the SiO reactivity of biocarbons from Eucalyptus clones and to compare with the reactivity of fossil reductants. The SiO reactivity was conducted using agglomerates made of quartz and SiC mixtures and charcoal have been heated in the induction furnace  at 1650°C in the inert atmosphere for 120 minutes. The results show that biocarbon with lower density had higher reactivity. Clear correlations between the SiO reactivity of the charcoals and their physical properties and morphology.
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Sakura Ferroalloys – Successful Start-up and Lessons Learned
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Sakura Ferroalloys Sdn Bhd, a joint venture company with shareholding partners Assmang Ltd., Sumitomo Corporation and China Steel Company, constructed a greenfields manganese ferroalloys production facility in Sarawak, Malaysia.  The production facility consists of two 81 MVA closed submerged arc furnaces.  The first furnace started production in May 2016, followed by the second furnace in September 2016.

Building such a facility in a remote area where there is limited history of similar installations comes with a set of challenges.  However, the approach followed in terms of design, construction, resourcing, commissioning and operation of the facility gave rise to a successful project implementation where the design output of the plant had consistently been exceeded since November 2016.
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Characteristics of Si-Mn alloy smelting waste slag and its potential reutilization
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The Si-Mn alloy smelting waste slag is an industrial waste slag during the process of silicon-manganese alloy production. Typically, the production of 1t Si-Mn alloy will produce 0.7 -1.3t waste slag, which are mostly not be efficiently utilized, and only dumped or stockpiled. It not only occupies large amounts of land and causes potential environmental issues. In this paper, the Si-Mn slag were characterized with various techniques, such as ICP-AES, XRD and SEM-EDS, in order to assess the feasibility of producing burning-free water permeable bricks with the waste slag. The results show that the Si-Mn slag are porous and gray-green. About 72.33% of the slag particles are larger than 0.34 mm. The main chemical compositions of the slag are SiO2, Al2O3 and CaO, and it mainly contains amorphous phase and less crystalline phases. It can be used as a raw material to produce burning-free water permeable bricks as it meets the the national requirements of extraction toxicity for hazardous waste and limits of radionuclides of decorative materials (C class).
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Reducing dephosphorization process in ferro-alloy and stainless steel production
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Dephosphorization (de-P) is an important assignment in the production of ferroalloys as well as stainless steel since it is known that high P amount in steel will lead to the segregation, and bad effects on the mechanical properties of steel such as corrosion resistance and welding performance. Generally, there are two methods for dephosphorization of ferroalloys and stainless steel, viz. oxidizing dephosphorization and reducing dephosphorization. Reducing dephosphorization process (RDP) is in preference to oxidizing method because of its protection of silicon and valuable metals as well as its excellent dephosphorization effect during the de-P treatment of SiMn alloy, high-Si FeNi or stainless steel. It is demonstrated a good result of de-P with RDP when dephosphorizing high-Si FeNi which is the intermediate product of 300 series stainless steel production with electric-silicothermic method as proposed by Peixian Chen et al.  Besides, RDP can also be applied in the refining process of FeSi, FeMn, FeCr, SiMn and SiCr alloys. Current work is with the aim to review the study progress of reducing dephosphorization process adopted in ferroalloy industry and stainless steel making process, and ultimately indicate the direction of application in the metallurgical industry and the effective way for improving its de-P efficiency.
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The role of South Africa in the global chrome ore and ferrochrome markets, and the impact of changing technologies in the ferro-alloys and nickel raw material markets
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· Changing market structures 

· Actual and future requirements 

· By sections & regions 

· Changing production costs 

· New developments in stainless steel markets 

· The impact of electric vehicles on global nickel and chrome markets
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PAH-free binders in metallurgical carbon pastes
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Elkem Carbon has an ongoing program on binders for metallurgical carbon materials. The scope of the program is to find substitutes for the high temperature coal tar pitch (CTPht).

Due to the content of polycyclic aromatic hydrocarbons (PAH), CTPht has been defined as a “substance of very high concern” under the European Chemicals Legislation REACH. In 2017 CTPht was published on the list of substances included in REACH Annex XIV ("Authorization List"). In principle, this requires all users of CTPht in Europe to apply for authorization of the use, but exception has been claimed for Søderberg electrode paste with reference to intermediate status based on harmonized European industry position.

This paper presents results from the program with respect to opportunities and limitations in the substitution of CTPht in Elkem Carbon’s products.
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Properties of freeze linings formed during production of manganese ferro-alloys 
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Any furnace operation will establish a working crucible, irrespective of the original lining materials.  The formation of a stable crucible from process materials in front of the hot face of the original lining material is commonly referred to as a freeze lining. The properties of the materials which form this freeze lining are different to those of the metal and slag being generated during the reduction process.  This paper presents findings from work carried out on freeze lining materials recovered from ferromanganese and silicomanganese furnaces.
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Investigation of the physicochemical characteristics and properties of manganese ores of the Chiatura deposit, the features of their preparation for the electrothermal conversion in relation to local conditions
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Intensification of electrometallurgical production processes, growth of unit capacity of aggregates and their productivity, increase of requirements to product quality in conditions of changing the quality of incoming raw materials require the creation of highly efficient systems for operational control of the process. Such systems should, in turn, be provided with reliable databases on the main controlled factors, starting from the preparation of the initial charge materials and ending with the packaging and shipment of the finished product to consumers.

To increase the production of manganese alloys and rational use of manganese ore reserves of a country of great strategic importance, it is necessary to build concentrators with a full enrichment cycle and classify raw materials by fractions and chemical composition, mandatory agglomeration of a small fraction of concentrates constituting a significant fraction of the ore mined; Involvement in the metallurgical redistribution of tailings of enrichment, use of ferroalloys production waste, improvement of the ecological situation.

Rudothermic electric furnace is a multifunctional electrothermal reactor, in which electrical, thermal and physical and chemical processes proceed simultaneously.

To achieve this goal, some aspects of the problem of processing manganese ores of local and foreign deposits, the features of their preparation for the electrothermal processing, the main regularities of the slag, gas and temperature regimes of the technology of the alloy produced with the purpose of establishing specific functional relationships were considered.

In the transition of ferroalloy plants to smelting ferrosilicomanganese with partial use of imported ore, the physicochemical parameters and metallurgical properties of which differ significantly from the previously used domestic, it turned out that the existing technological experience requires considerable revision and refinement.
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Optimizing Slag Basicity in the SiMn Production Process at Transalloys
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Transalloys is the biggest SiMn producer in South Africa, and only use local manganese ores to produce SiMn alloy. The ores used are basic ores with a high carbonaceous content requiring quartzite additions to control the basicity of the slag between specified ranges.

Slag basicity impacts on amongst others the liquidus temperature of the slag, manganese recovery, power efficiency and alloy composition in the silicomanganese production process. The slag basicity, calculated as (MgO+CaO)/SiO2 had been varied between 0.65 to 0.85 to achieve an optimum operating range.

Impact of the slag basicity on the SiMn process efficiencies will be illustrated by using actual furnace data. It also includes observations on tapping, stripping and furnace stability at different slag basicity’s. Mass and energy balance calculations are shown to illustrate the impact on efficiencies in the SiMn production process. Reference is also made to the phase diagrams applicable to the process used at Transalloys.
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Ferro-alloy Production from Spent Petroleum Catalysts by Smelting Reduction Process 
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The spent catalysts discarded from the petroleum refinery operations contain a substantial amount of valued metals such as vanadium, nickel and molybdenum up to 30 mass% in total together with coke, sulfur and residual oil. Recently, the smelting reduction process of this resource using the carbothermic reaction is being developed and commercialized to recover these metals in the form of ferro-alloys. The process route starts with dry catalysts that are melted in an arc furnace at temperatures around 1500-1600oC under a reducing condition. Heavy metals sink to the bottom as carbon saturated molten alloys and are separated from liquid slag containing high alumina originally present in the catalyst up to 70 mass%. It has been shown that this pyrometallurgical route has the advantage of a complete recycling scheme: metals for manufacturing special ferro-alloys, the slags for manufacturing special cements or synthetic fluxes. The process has the advantages over the hydrometallurgical route in terms of cost effectiveness and environmental issues. In the present work, an overview of newly developed recycling process for spent catalysts will be presented together with some experimental data related to this process. Ferro-vanadium and ferro-nickel-molybdenum alloys were successfully manufactured with high recovery ratios of over 92% and 95%, respectively, via the smelting reduction and the selective vanadium oxidation processes. Carbon solubility and sulfur behaviour in these special alloys will be also presented.
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The impact of reducing filter drag in a ferro-alloy furnace bag house
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W.L. Gore & Associates are the leading supplier of membrane filtration products to the global ferro-alloy industry. Gore recently launched a new Low Drag membrane filtration product into the global market and are seeing results of between a 15% - 30% reduction in baghouse tubesheet pressure drops. This has significant potential benefits to alloy producers including fan energy savings as well as increased airflow through existing off-gas systems. 

This paper will explore the performance results of two demonstration installations performed at two of South Africa’s leading alloy producing companies. Actual performance data will be reviewed as well as the resulting impacts and benefits on plant performance.
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Refractory corrosion mechanisms in ilmenite smelters: new perspectives for future linings
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Ilmenite smelting is one of the most aggressive processes for any refractory material. Refractories based on high magnesia content are the most suitable to contain the high titania slag, not only because of the high refractoriness, but also due to better chemical compatibility and thermal conductivity, which support the formation of a stable frozen slag layer.

As a result of decades of practical experience and supported by post-mortem analysis and laboratory tests, new magnesia bricks have been proven successful for ilmenite smelting. Typical corrosion mechanisms found in ilmenite smelters are corrosion of magnesia-rich and calcium silicate phases by constituents of the slag, which result in material loss, densification and spalling. In the metal bath, erosion and spalling resulted from metal infiltration and thermal cycling are the most important wear mechanisms.

New materials have been developed and tested for both areas, with significant improvements in resistance to slag corrosion and penetration, or better resistance to erosion and infiltration by iron. Materials with enhanced resistance to hydration have also been successfully introduced; they provide the same performance of standard materials.
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Outotec ferrochromenickel process – new innovative stainless steel value chain
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Approximately two thirds of annual nickel production is used as a raw material in the making of stainless steel, and about 60% of these nickel products are in the form of metallic nickel such as nickel cathode or briquettes. In the stainless steel production process nickel is blended with iron- and chrome-based raw materials, and metallic nickel is typically only required for final steel fine-tuning. Outotec offers a new technology to enhance the nickel value chain for stainless steel producers. This involves the use of an HPAL-based intermediate nickel product (e.g. MHP or NiO) as raw material in the Outotec FeCr process, for the production of a FeCrNi Master Alloy. The new process offers multiple benefits compared to existing technologies such as: a higher tolerance for impurities in the HPAL intermediate product, avoiding the need for further nickel refining, and the improved recovery of all metals in the FeCr process. The complete new FeCrNi value chain is based on proven technologies such as HPAL and the Outotec FeCr-process. This new innovative and promising value chain offers improved efficiencies for the HPAL based nickel production process combined with excellent sustainability aspects.
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Chrome ore mineralogy and the furnace energy balance
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The effect of ore mineralogy on ferroalloy smelter operation is not sufficiently understood. It can influence energy and reductant requirements, melting and reaction rates, and effectiveness of pre-reduction. These are a number of important factors to consider for furnace design, warranting a deeper study of the effect ore mineralogy on ferroalloy production processes. This work focuses on the smelting furnace energy balance.

Furnace energy balances are one of the most fundamental studies conducted on a regular basis, from the project feasibility stage right through to everyday operations. Whether the energy balance is calculated by a tried and tested Excel masterpiece, or by applying highly adaptable thermodynamic fundamentals with tools such as FactSage or EMSIM, most engineers ignore the influence of ore mineralogy.

This paper presents the results of a detailed mineralogical analysis of several chrome ores  and compares energy balance results based on standard chemical assays to ones based on mineralogical information, using EMSIM as the calculation tool. These results show significant differences between the two approaches, and highlight the importance of using mineralogical assays in energy balance calculations.
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In light of environmental concerns and increasing energy costs, pre-treatment of furnace feeds is an option to improve overall energy efficiency and reduce carbon emissions. Determining which option or combination is best for a particular situation can be challenging and time consuming.

Ex Mente has developed EMSIM to harness the power of thermodynamics and the vast collection of data in Factsage to model process flowsheets with efficiency and accuracy. EMSIM is therefore ideally suited to evaluate and optimise energy reduction options.

For this study the following pre-treatment options were considered: none; drying; pre-heating; and pre-reduction. Each of these were evaluated with various energy sources, including: natural gas; coal; and furnace offgas. Several different ores and reductants were used as inputs for each of these cases.

The process energy balance and predicted composition of the products for the evaluated scenarios are presented in this paper. This data can be used to quantify the benefits of pre-treatment for these cases. It also shows the value of using thermodynamics to assist in smelter design and optimisation.
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The workability index of three tap-hole clays
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In claygun operation, when closing a tap-hole, plasticity is the clay characteristic of importance. As a measure of plasticity, the workability index of tap-hole clay (often shortened to workability) is typically reported on datasheets, often without quoting the method applied. Even when results and standard methods applied are known, the correlation between the workability index and claygun performance is not clear. In the study presented here, the workability indexes of three different tap-hole clays were determined by applying ISO 1927-3 (2012) as standard and using three different sandrammers, two manual and one automated. 
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A Literature Review to Compare Electrical and Carbon Combustion Based Energy Technologies for Producing High Carbon Ferromanganese 
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South Africa has the largest known land-based manganese resources, accounting for more than 75% of the world’s known deposits. However, local production of ferromanganese (FeMn) alloys has been in decline in recent years. A recent investigation identified that one of the major barriers in the manganese value chain is the heavy reliance on electrical energy for FeMn production. In South Africa FeMn alloys are produced using submerged-arc furnace (SAF) technology, which uses electrical power to produce thermal energy for smelting; electricity supply is currently under strain in the country due to economic and supply capability issues. Other countries that have faced a similar electrical energy dilemma have moved to the production of high carbon FeMn (HCFeMn) in blast furnaces (BFs). Apart from the production of FeMn in BFs, it may also be possible to produce FeMn using smelting reduction (SR) processes. Some SR processes rely solely on carbon combustion to produce thermal energy, and are used in iron making to produce molten metals similar to those from BFs. To ensure the survival and competitiveness of the South African FeMn industry, it is prudent to investigate such alternative production technologies and their potential viability. This study thus compares the potential of the SAF, BF and SR technology for the production of HCFeMn in South Africa on desktop level.
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Working towards an increase in manganese ferro-alloy production in South Africa – a research agenda
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Although South Africa is endowed with one of the largest land-based deposits of manganese ores, a significant increase in the export of ore in the past 15 years, as well as significant increases in the cost of electricity, resulted in reduced production of manganese ferro-alloys in South Africa.  As local beneficiation of South Africa’s resources is a national priority, the aim was to develop a research agenda for an increase in manganese ferro-alloy production in South Africa.

To identify research opportunities in support of existing operations, as well as projects working towards step-change technologies, a workshop was included in the program of the 2nd School on Manganese Ferroalloy Production, hosted by the Southern African Institute of Mining and Metallurgy at Mintek in June 2016.  Inputs were obtained from various role players including delegates from local smelter operations, research institutions (local and abroad), and companies providing support to the industry.

A significant number of research opportunities (95 in total) were identified – 54% in support of existing operations and 46% towards step-change technologies – all related to three steps in the value-chain: (1) geology, mining, and beneficiation, (2) reduction, and (3) refining.  The opportunities were grouped together and categorised in six categories: (i) increased environmental efficiency, (ii) increased resource efficiency, (iii) increased energy efficiency, (iv) increased productivity of labour, (v) reduced dependency on rail, and (vi) other.  The results were reported here in the context of a review of Infacon papers as well as Mintek reports to identify what has already been done in the field.  Twenty-three research themes were identified in the process that could form the basis for the research agenda to increase manganese ferro-alloy production in South Africa.

Implementation of such a research agenda could be done through the development of a roadmap.  The paper concludes with an example of a roadmap developed in Norway for the increased use of natural gas in metal production, as Norway has large reserves of natural gas available.  The example illustrates what is typically needed for new industrial developments and also illustrates that academia-industry cooperation and contributions from authorities are needed in the process.
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Influence of the power supply on the behaviour of DC plasma arcs – a modelling study
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Direct-current (DC) arc furnaces account for a significant proportion of installed pyrometallurgical capacity worldwide. Their applications include steel recycling and smelting of various materials such as ferrochromium, ferronickel, ilmenite, and others. The rectifier power supply for such units is a major capital cost item, and errors in the design can result in considerable limitations being placed on the operating window of the furnace.

Work is presented in which computational plasma arc models developed using open source platform tools are used in conjunction with simple models of the furnace rectifier, to gain insight into the nature and strength of interactions between the rectifier’s transient behaviour and the dynamics of the arc. Contributions of basic circuit elements and parameters such as DC inductors and thyristor firing angle will be examined and interpreted as regards the possibilities for optimisation of the design and operation of DC furnace power supplies in the future.
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Chromite smelting: Aspects of slag design
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Chromite ores and concentrates vary significantly in composition. Aside from the inherent inhomogeneity of ore bodies, the variation is also attributed to the cost of mining and/or upgrading different materials to a grade suitable for smelting in either a submerged arc or DC furnace. Designing an appropriate smelting regime to produce ferrochromium of the correct grade involves more than selecting the appropriate fluxes. The type of furnace, composition and mineralogy of the ore, and composition of the reductants available all play a role in selection of the appropriate slag regime. In this paper, fundamental and practical aspects of slag design are reviewed. Production of high-carbon ferrochrome in submerged-arc and direct-current furnaces is compared for different chromite ores. Slag design principles are presented for a variety of chromite ore types, including low-grade chromite fines for which Mintek has developed specialised smelting technologies. The importance of balancing the slag composition chosen to ensure an appropriate liquidus temperature against other parameters such as viscosity, chromium recovery, and silicon and carbon control is reviewed, with the aim of optimising the choice of chromite ore and fluxing for a particular operation based on sound fundamental principles and practical experience.
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Fluxing of South African chromite ores with colemanite: The BOFLUX project
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South African chromite ores are smelted using SiO2 and CaO as flux. The purpose of SiO2 is to lower the high melting point of the ore, while CaO is added to ensure that the slag that forms on smelting is fluid in enough to enable slag/alloy separation and tapping from the furnace. Colemanite is a borate mineral originating primarily from Turkey and has the nominal, ideal composition CaB3O4(OH)3·H2O. B2O3 readily fluxes chromite and low amounts of this compound can yield the same lower melting point than SiO2. In addition, colemanite already contains CaO, which aids in making the resulting smelting slag more fluid.

Laboratory-scale smelting tests were conducted at Mintek over the course of two years. The work included evaluation of a variety of boron-containing materials to replace or partly replace conventional fluxes. The laboratory test results indicated that colemanite had the best outcomes. The tests confirmed that addition of boron oxide lowers the liquidus of the slag and smelting can be done at 1650°C, lower than conventional smelting temperatures. The grade of the final product improved by approximately 1 to 2 % Cr units, depending on the grade of the ore smelted. Boron deportment to the metal varied significantly, but can be mitigated. The test work was supplemented by modelling work (mass and energy balances, thermochemical modelling) through which various flowsheets were developed and evaluated for suitability.

The results of the laboratory tests and modelling work are presented in this paper, along with a cost-benefit analysis.
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Study of the Reduction Process Parameters of Ore-Coal Briquettes for Ferro-alloys Production 
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A laboratory technique has been developed for the investigation of the optimal parameters of carbothermic reduction processes.  Based on the results of the experiments with a single briquette of industrial size, the technique allows one to determine the rate and extent of reduction as a function of time, total reduction time, compositions of metal and slag, order of reaction, activation energy, and the reduction limiting stage.  Application of the developed technique allows choosing the most effective regime for the conduction of the process.

Results of the laboratory testing of ore-coal briquettes purposed for nickel ferro-alloys productions are considered.  It has been shown that the overall process is limited simultaneously by the speed of a chemical reaction and by internal mass transfer.  Measures to be undertaken in order to accelerate the carbothermic reduction were identified.  The proposed experimental design technique is suitable for the study of different types of ore-coal briquettes, including those with chromium and manganese ores.
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Stiff Vacuum Extrusion Agglomeration in Ferro-Alloys production
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Recent years were marked by growing interest in briquetting of natural and anthropogenic fine materials of ferrous metallurgy by Stiff Vacuum Extrusion (SVE). Capacity of industrial SVE extruders can exceed 100 tons per hour. Metallurgical properties of the extruded briquettes (BREX) allow considering them as efficient charge components for the majority of metallurgical furnaces and reactors. The results of the lab-scale and full-scale industrial testing as well as first industrial experience of BREX production as a charge components for ferronickel, silicomanganese and ferrochromium smelting in Submerged EAF is analyzed. It has been showed that BREX utilization influences positively on the furnace operation as well as on the alloys quality.
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Rheological measurements of Søderberg electrode paste
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In the Søderberg electrode for ferro-alloy production the electrode paste is added as a solid carbon paste, which melts to fill the electrode casing before it carbonizes to a carbon electrode. In the melting process, it is important for the electrode paste to remain homogenous and avoid segregation of the binder and the coarse carbon particles. The rheological properties of electrode paste in the temperature range of melting is thus important paste properties. As electrode paste contains both large amounts of solid particles and large particle sizes, measurement of viscosity is challenging. A short review of measurement options is given and measurements with a parallel plate viscometer are done on different pastes. Measurements are done in the temperature range of 40-120° C, which is within the temperature range that most electrode pastes will fill the electrode casing. Important results are the temperature dependence of electrode paste as well as effects of coarse and fines particle content in the paste is shown. The constraints of the method used is discussed, as well as implications for the industrial Søderberg electrode.

------

Comparison of operating and design parameters for submerged arc furnaces from 7 MVA to 13 MVA capacity
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The submerged arc furnaces (SAF) differ in their construction and operation where geometrical, electrical and other parameters are dictated by the process requirements. The worldwide strong competition forced the industry and plant suppliers to develop highly efficient, economically balanced SAFs in optimized sizes and with long lifetimes, to adapt to the market conditions. This paper describes various operating and design aspects of Ferro Chrome, Ferro Manganese, Silicon Manganese and Ferro Silicon Furnaces. By studying the successful operation of many submerged arc furnaces Kelly had developed many curves relating peripheral furnace resistance, furnace current density, electrode current density, electrode diameter. From the curves for selected MVA range the parameters are selected and used in the empirical formula developed by Kelly to finalize the design data. In this paper comparative operating and design parameters for furnaces from 7MVA to 13 MVA for different products have been discussed. This includes how the secondary voltage range of furnace transformers is selected, how desired penetration of electrodes is stabilized as well as design aspects of electrode diameter, pitch circle diameter, reaction zone diameter, lining thickness, depth of furnace, gas cleaning plant with regard to various products. This paper will help in taking decision for change of product, for expansion of capacity and for optimizing the production efficiency of SAFs. Lastly actual Sankey Diagram (Energy Balance Diagram) of some SAFs has been demonstrated for identification of potential energy loss to be taken care for better efficiency.
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Electrical hazards associated with the tap-hole area of a silicon SAF
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Molten metal is an electrical conductor in an energised arc furnace. It is essential that electrical hazards are identified and sufficient engineering controls are in place to protect furnace operators.  However, this issue is addressed in different ways depending on the furnace operation, historical incidents and the infrastructure initially installed.  This paper discusses different ways that these hazards can be addressed, with the goal of promoting a wider discussion.
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Manganese Ore Prereduction using a Rotary Kiln to Manufacture Super-Low-Phosphorus Ferromanganese
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Nippon Denko Co., Ltd.'s Tokushima Plant produces low-phosphorus (< 0.050%), low-carbon (< 0.20%) ferromanganese (SLPFMn) using a silicothermic process in a three-phase Heroult electric arc furnace.

In the past, sintered manganese ore was used as the raw material to produce SLPFMn, but it has become necessary to use manganese ore containing carbonate instead.  With this as an opportunity, Tokushima Plant has constructed a new manganese ore pretreatment process by utilizing an idle rotary kiln, which can proceed not only de-carbonation but also pre-reduction of the ore by using coke.  In this process, an optimal operating condition was found which allows pre-reduction without remaining coke, which increases the carbon content of products, and consequently this can give saving of silicomanganese consumption, a reducing agent, in the SLPFMn production process.  This new process also succeeded in energy saving by utilizing the excess gas from the electric furnace, used in the production of high-carbon ferromanganese, as its heat source.
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Monitoring and control of the electric and process operation modes of the alternating current purification furnace
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The performance indicators of the purification furnaces are, to a great extent, determined by accurate selection and maintenance of the smelt electric and sludge modes. To improve the control of the smelt electric and sludge modes in the medium-carbon ferromanganese production, the electrical characteristics of the electrode bulk zones in the 4.2 MVA purification electric furnaces of Nikopol Ferroalloy Plant PJSC were investigated. The offered approach consists in the selection of facilities and methods to control the  power fractions generated in arc and sludge zones in the process of ferroalloy purification using the technical capabilities provided by the advanced information technologies. The automatic control system for purification furnace electric and sludge modes is based on smelt parameters monitoring by means of a special set of measuring and computing equipment. This made it possible fairly to estimate the features of the electric and sludge modes according to the conventional and additionally defined parameters which characterize the arcing process to ensure efficient working.
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Manganese agglomerate production technology development and commercial exploitation using sludge treatment concentrate of the worn-out sludge collector
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In the process of commercial operation of the Nikopol manganese ore deposit, a significant amount of sludge have been formed when producing the commercial manganese concentrates as a manganese raw materials by-product. The investigations performed are aimed at the development and implementation of the industrial-scale efficient technology with the use of the 0-1 mm fine manganese concentrate produced from the manganese ore sludge at Ordzhonikidze Ore Mining and Processing Integrated Plant. The developed technology made it possible to produce standard manganese agglomerate with the required strength characteristics to smelt low-phosphorous sludge with retained optimum performance of the operating process equipment of the Nikopol Ferroalloy Plant PJSC sinter shop. The developed and implemented technology allows for involving the manganese raw materials of the technogenic sources in the production process as substitutes for the imported low-phosphorus ores as well as decreasing pollution of the environment.
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An update of the EU regulatory developments in industrial emissions, their implementation and impact on the ferro-alloys production in Europe
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The European best available techniques (BAT) document on e.g. the production of ferro-alloys and silicon has been published in July 2017. The related conclusions and BAT-associated emission levels (BAT-AEL) were published as a Commission Implementing Decision in June 2016 according to the legal framework set by the Industrial Emissions Directive or IED. Member States authorities will have to adapt their operating permits accordingly by 30 June 2020. Other EU EHS regulations under revision or recently revised may or will have a direct or indirect influence on the operating permits, like the circular economy package comprising the revision of e.g. the waste framework directing or the landfill directive; the review of the Priority Substances list within the environmental quality standards (EQS) of EU water framework directive or the revision of the Carcinogens at work Directive (CMD) to incorporate Binding Limit Value for respirable crystalline silica generated by processes. The purpose of this paper is to shed more light on the implementation issues related to these new developments on the EU territory.
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The industrial use of water sprays to reduce the fume formation in a ferromanganese system
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Eramet Sauda, in Norway, produces high carbon ferromanganese (HCFeMn) as well as medium and low-carbon ferromanganese (LCFeMn). Similar to any ferromanganese production plant, secondary fume emissions occur at the tap-holes of the arc furnaces and post-taphole operations such as refining and casting. Eramet Sauda has drastically reduced the amount of fume released into the environment by installing water spray systems on the casting beds’ roofs. This paper forms part of the research to understand the fume suppression mechanism. It reflects the results obtained from a short industrial measurement campaign in addition to laboratory fuming studies. Dust was captured at Eramet Sauda during the casting process at two different locations while the sprays were active and another location while the sprays were disabled. The dust was analysed with a Scanning Electron Microscope (SEM) to study any morphology changes. The SEM images were also used to determine if there is any apparent change in particle size between the different experiments. Energy Dispersive Spectroscopy (EDS) were used to estimate the particles’ composition. It was apparent from the morphology study that the water, in addition to suppressing the fuming rate, induced a higher degree of particle agglomeration.

------

Metallurgical and ferro-alloy industry of Ukraine in 2015–2017: From Infacon 14 to Infacon 15
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Steel production indicators were analyzed and compared with the World Steel Association data by the metallurgical complex of Ukraine in 2014-2016 and in the first half of 2017 respectively. Having increased in 2016 to 24,2 million tons of steelmaking volume (+5,5% to the previous year) allowed Ukraine to keep the tenth place in the rating of the TOP-10 world's steel producers. But in connection with the events in eastern Ukraine, performance indicators of the Ukrainian metallurgical industry deteriorated again in the first half of 2017 (-4% compared with the same period of the previous year).

Data on the work of the world ferroalloy industry in 2016 were presented and analyzed. An increase in the production of manganese ferroalloys in the world was also taken into consideration which had reached 17.1 million tons (+13% by 2015). According to UkrFA, the production of basic ferroalloys in Ukraine accounted for 1115 thousand tons in 2016 and increased (978 thousand tons) by 14% in comparison with the previous year, despite the continuing stoppage of Stakhanov ferroalloy plant. In addition, the work dynamics of the particular ferroalloy enterprises are shown as well as the mining and processing enterprises which produce manganese ore and, at the same time, are members of UkrFA.
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Practical aspects of applying numerical simulation for the refractory design process
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The design and engineering process of refractory linings is a highly challenging task since the ferro-alloy industry has followed the trend of up-scaling furnace operations to increase throughput and efficiency. Contradictory a higher flexibility of furnaces and operations is demanded due to the volatility of the commodities market. Today the application of numerical simulation tools plays a vital role in the refractory engineering task for optimizing designs and ensuring the lining integrity of furnaces. Numerical models are used e.g. to assess thermo-mechanical stresses in the lining during operation and commissioning, to calculate the heat transfer through the linings, to evaluate flow patterns in pyrometallurgical vessels or predicting thermo-chemical interactions between the refractories and the slag, metal, gas or solid matter in the furnaces. The physical phenomena involving refractory materials in ferro-alloy smelters are highly complex. Academic model approaches usually strive to cover the complexity right down to the last detail but the typical lining design process demands practical approaches by simplification of the models to produce results in reasonable time. The work discusses case studies of simulations addressing problems and questions related to the refractory design process. It provides an overview of methods used for practical refractory engineering and gives an outlook of employing more detailed and sophisticated models. Proofing the benefit of simulation work comes along with the need of validating the models. The validation task of numerical simulation models in many cases is ambitious and sometimes practically not feasible if real operations are considered.
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Effect of high alkali content in ferrosilicomanganese slags on slag properties and on the destruction of furnace lining
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Recovery of manganese from metallurgical wastes adds an important value to environment and sustainable economy. Here industrial experience of re-use of tailings for gas cleaning units of ferrosilicomanganese smelting is presented and the results and challenges are discussed. One of the most important issue is very high alkali (even up to 20-23% Na2O+K2O) in the tailings). Despite on positive effect of alkalis on slag viscosity, especially at low temperatures, it nevertheless has a destructive role to the furnace lining. This limits the share of these tailings in the charge composition.

We have experimentally processed viscosity data for different slag compositions and temperatures, especially for variable alumina and alkalis concentrations. The pre-factor of the Arrhenius equation was found to be highly dependent of the activation energy values. For the first time for these slag compositions it is shown that their viscosity depends on temperature and composition according to the Meyer-Neldel rule.

The activation energy is shown to be mainly correlating with only two parameters, namely with alumina content and the mass ratio of alkalis to alumina. These practical correlations can be used to optimize slag properties for viscosity and its reactivity towards the lining.
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High carbon ferromanganese production: “It works in practice, but does it work in theory?”
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The most important and difficult process step in high carbon ferromanganese (HCFeMn) production is reduction of MnO to the final product. This reduction step has been extensively researched in laboratory studies.1,2,3 Industrial scale furnace investigation of this reaction has been reported, using sampling and analysis of the furnace contents after shut-down.4 The challenge has been to reconcile laboratory research results with industrial furnace research observations. AlloyStream process development provided a unique opportunity to correlate manganese reduction process theory, laboratory research results and real time pilot plant operational results. The AlloyStream process configuration allowed for relatively easy sampling of the reacted furnace feed mixture (heaps) from the plot and demonstration plant furnaces. This extraction of heap samples from the furnace made possible the comparison of actual in furnace observations with our traditionally published understanding of   manganese reduction mechanisms.5 Heap sample polished section phase configuration and Scanning Electron Microscopy (SEM) analyses were used to investigate reduction mechanisms.

This comparison work raised interesting questions on our current accepted theory based understanding such as: Do we really need a minimum reduction temperature of 1405°C to reduce MnO with C to Mn?  Is this reaction at all applicable in practice? If not, what is the mechanistically correct reaction sequence? Is the alloy formed in carbothermic reduction always at the final product alloy composition of HCFMn? Does reduction of MnO only take place from the slag phase? The latter, if true, implies that MnO must first be dissolved into the slag phase, and then reduced. The results reported here will provide clear answers to most of these questions.

Although the AlloyStream process is of much different configuration than the industrially used Submerged-Arc Furnace (SAF) process, and also operated in a relatively narrow range of lower temperatures, the insights gained in reduction mechanism questions are of value to all current and future carbothermic manganese reduction process configurations. As an example, if fine manganese ore in the firm of reducing pellets or agglomerates are considered as part of the SAF feed mixture, or used in an alternate reactor to recover manganese units, accurate reduction theory will point to the required optimal processing conditions.
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Assembling of 3D computer models of T-x-y diagrams, forming the quaternary Fe-Ni-Cu-S and Fe-Ni-Co-S systems, for the modernization of technological processes of nickel, cobalt, and copper production
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Russian Foundation for Basic Research (RFBR) project number 14-08-00453-a (2014-2016) “Design of phase diagrams 4D model of systems Fe-Ni-R-S (R=Cu, Co) on the basis of experimental results, required for optimization of pyrometallurgical technologies of copper, cobalt and nickel production”, project manager Vasily Lutsyk, was successfully fulfilled and is prolonging now by the RFBR project number 17-08-00875-a (2017-2019) “Assembling of 4D computer models of T-x-y-z diagrams, forming the quinary Fe-Ni-Cu-Co-S system, for the modernization of technological processes of nickel, cobalt and copper production”, project manager Vera Vorob’eva. Information about the phase transformation during solidification of melts in the four- and five-components systems will be used to optimize the existing pyrometallurgical technologies and to develop the new technological processes. Experimental data for the 9 ternary subsystems on the boundary of 4-components systems Fe-Ni-Co-FeS-NiS-CoS, Fe-Ni-Cu-FeS-NiS-Cu2S, Fe-Cu-Co-FeS-Cu2S-CoS are used to assemble the T-x-y diagrams with the mass balances visualization. They include the liquidus, solidus, solvus and transus (on the border of phase regions with the different allotropy of initial components) surfaces of the unruled nature, horizontal planes of the invariant transformation complexes and the products of their intersection – ruled surfaces, bounding the 3-phase regions.  
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The Feature of SNNC's Largest Fe-Ni Smelting Furnace
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SNNC has been improving productivity and efficiency in Fe-Ni smelting process through many trials and errors since its first operation in 2008. SNNC had designed and built the largest Fe-Ni electric smelting furnace in the world. It was improved and upgraded by reflecting the fault and weakness of 1st furnace. 2nd Furnace, rectangular furnace, is equipped with the expansion monitoring system to check abnormal expansion and the improved cooling system to extend the furnace life time. SNNC is trying to increase energy efficiency through detailed control and feedback system of charging calcine in furnace, control of power input according to operating conditions and utilization of off-gas energy in electric furnace.

This paper demonstrates the developed features of the design and operation of the 135 MVA No.2 electric furnace.
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Estimation of viscosity of HC FeMn slag and its effect on slag characteristics
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In the present study, slag viscosity for High Carbon FeMn slag was estimated based on available blast furnace  slag viscosity model in literature. As the optical basicity of blast furnace slag (0.6) and high carbon ferro manganese slag (0.8) are in a very close range, it was thought appropriate to apply this in case of  HC FeMn slag. Lack of experimental data made us to validate the estimated  output based on slag atlas data and some experimental values of Fe-Mn slags reported in literature. The match is reasonably good up to viscosity values of 600 cp. From the analysis of data from Tata Steel`s submerged arc furnace at Joda, it was found that slag viscosity is markedly affected by slag characteristics (composition, partition ratio of manganese and silicon, basicity ratio, activity of MnO in slag etc). Furthermore, changes in slag viscosity influences the activity of MnO in slag and hence the transfer of Manganese and Silicon from slag to metal.  This can be used to track the slag viscosity of Fe Mn slags on day to day basis and for process diagnosis.
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ILTEC – A revolutionary and safe cooling solution for ferro-alloy furnaces
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It is the increasing demand for an economic and cost saving operation mode that requires effective cooling in order to achieve low refractory wear and good furnace lifetime, which is making cooling technology an important aspect of furnace operation. In addition, safety awareness is becoming more and more a focal point of the operating philosophy.

However, the use of water - today’s standard cooling medium - has major drawbacks as it can cause problems during furnace start up and operation, namely hydration problems, corrosion, and explosion. Not to forget the severe personal as well as economic damage in case of a malfunctioning water cooling system.

With the new patented cooling technology ILTEC it is possible to overcome the disadvantages of water by using an alternative cooling medium, namely the ionic liquid IL-B2001. The main characteristics, which make IL-B2001 so favorable, are a neglectable vapor pressure, the absence of explosion, the wide liquidus range and the operation temperature from 50–200°C and the not flammable, non-corrosive and non-toxic behaviour.

All those properties lead to many areas of applications, which can contribute to accomplishing a water-free production route for the entire metal processing industry.

This paper will emphasize potential applications for the ferro alloy industry. It will highlight safety related items, the use of ILITEC technology for energy recovery and new process routes with this new cooling system.
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The vessel integrity ensures a reliable and safe furnace operation as well as a long furnace campaign life. Process know-how, operation practice know-how, expertise in refractory and furnace cooling as well as furnace design is the key figures for increased furnace integrity.

The complete understanding of the process is most essential for designing of reliable and efficient metallurgical plants in particular for electric furnaces as applied in the ferro alloy industry. It allows the correct dimensioning of pyrometallurgical vessels. Furthermore it provides the fundamental data and information for all related auxiliaries and surrounding units such as off-gas system, raw material- and product handling, cooling systems, etc. 

Refractories have a major influence on the OPEX and therefore of the profitability of any smelting plant. The initial refractory material cost is significant, but the “full life value” including loss of production and unexpected failures can be even more significant. The correct understanding and definition of the process is most important to provide an optimized lining concept. Achieving the best “whole of life value” requires a fully integrated management system. 

In most metallurgical vessels the lining wear is controlled by an additional cooling method in certain areas of the furnace. Over the past decades PolyMet, SMS and Mettop developed numerous cooling systems for almost all pyro-metallurgical processes in the ferro alloy industry as well as for the non ferrous and iron and steel industry. Especially in highly stressed areas e.g. locations facing abrasions by the off-gas or bath turbulences, tap hole areas, aggressive slag, changing slag compositions, thermal cycling or high temperature levels intelligent solutions are required.

For example the CFM cooling allows a safe operation under extreme conditions and can handle, depending on the design, heat fluxes of > 400 kW/m2. The heat flux is to a certain extent adjustable by the design of the element.

This paper will provide an overview of our solutions in furnace lining cooling.
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A critical comparison of Mn and Cr submerged arc furnace smelting processes – what improvements can be exchanged between the technologies
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The electrical energy consumption for smelting Cr-ores has fallen from around 4000kWh/mt to 2500kWh/mt HCFeCr over the last 20 years thanks to the introduction of charge agglomeration, pre-heating and pre-reduction, whereas the electrical energy consumption for smelting Mn-ores has changed very little from around 2500kWh/mt HCFeMn over the same period.  This paper presents a comparison of HCFeCr and HCFeMn smelting in order to evaluate whether any of the developments in HCFeCr could be applied to HCFeMn smelting to reduce the smelting energy consumption and point out what each process can learn from the other.

The paper reviews the Cr and Mn ore properties followed by theoretical predictions of the theoretical smelting energy consumptions.  Both for Mn and Cr ores with various degrees of oxidation are known.  These oxides decompose upon heating into lower oxides and O2. O2 will react with CO and H2 process gases and produce heat, which can greatly reduce the energy needs of the electric arc furnace.  In this paper we compare how the smelting processes for FeMn and FeCr have taken into account the ore properties, examine raw materials preparation techniques used and finally the opportunity/relevance of charge pre-heating and pre-reduction is discussed, both from a scientific and a technological point of view.
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Some considerations towards the carbon neutral smelting of manganese alloys
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Eramet Manganese Norway currently flares the gases from two sealed 40 MW HCFeMn furnaces, wasting energy and discharging CO2.  In line with Norwegian agreements, Eramet has launched a project to evaluate options for recovering energy from the gases, and reducing CO2 emissions.  This paper presents a broad overview of the technologies considered, from pre-furnace raw material treatment, in-furnace optimization, and post-furnace gas treatment.

Of particular interest in the Norwegian context of circular economy is LanzaTech’s gas fermentation technology to produce ethanol, biomass, and Omega-3 lipids as an ingredient for the domestic fish food / aquaculture market.  In the first stage of the LanzaTech gas fermentation technology, the CO+H2 in the furnace gas are converted to ethanol and biomass whilst reducing the CO2 emissions by 20-30%.  A second stage will see LanzaTech technology converting furnace gas to higher-value products, including chemicals such as propanol.  In a third stage of development, LanzaTech and the International Research Institute Stavanger (IRIS) have begun a collaborative effort to develop the near complete conversion of the CO2 in the exhaust gases together with additional hydrogen in a two–step fermentation process to produce Omega-3 lipids for aquaculture feed.  The multi-stage process would provide an opportunity for Eramet to almost completely eliminate CO2 emissions from the furnace off-gas whilst recovering economically valuable products.  This bio-technology project is supported by Innovation Norway.

LanzaTech is currently building its first two commercial units; one with ArcelorMittal in Ghent, Belgium, and another with Shougang Steel in Caofeidian, China.  Two additional commercial units, one with Indian Oil Corporation, Ltd. (IOCL), and the other at Aemetis in California, are progressing into design.
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The use of water sprays to suppress fume emissions during casting of FeMn alloys – Design methodologies, practical experience, and optimization of the extraction system
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Tapping, slag raking and casting of ferromanganese generates significant amounts of secondary fume. Eramet Norway, Sauda (ENS) has worked extensively with water sprays over the last 5 years, both in medium-carbon ferromanganese (MCFeMn) and high-carbon ferromanganese (HCFeMn) casting and in the roof ventilator openings of the furnace building. Initial test work was done by Eramet followed by laboratory scale test work at NTNU which demonstrated the beneficial effect of water vapour on fume generation rates as well as agglomeration of particles with sprays. Additional possible effects of water sprays include the enhanced oxidation and cooling of the metal surface, which further reduces the period of fume generation. 

ENS has carried out practical spray test work at casting beds using overhead sprays close to the casting beds as well as horizontal sprays mounted low over the beds. With overhead sprays, specific air flow patterns have been observed which result in water saturated air coming in close proximity to the metal surface. A rebuild of certain casting areas reinforced the importance of understanding the nozzle positioning and air flow patterns. Plate sprays have utilised both dual-media (air/water) and water-only nozzles at various pressures. ENS also installed water sprays in the roof monitor area of the furnace building to capture fugitive fumes from tapping, slag raking and casting operations. This article presents findings of test work at the various spray applications, with photos and comments on effectiveness and further work required.
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The primary aim of this paper is to describe the analysis done and possibilities of phosphorus control using low phosphorus ores in ferrochrome production. The reason for low phosphorus requirement in ferrochrome is due to the fact that phosphorous is detrimental to both corrosion resistance and mechanical properties of stainless steels. Phosphorus, when charged into submerged arc furnace by means of charge materials, almost completely transfers into the alloy except for a small portion which vaporizes and is removed with the off-gas. A relatively lower operating temperature promotes the removal of phosphorus into the slag phase, especially under oxidizing conditions but due to the highly reducing and hot conditions in the submerged arc furnace, it is practically difficult to produce low phosphorus ferrochromium. 

Conventional method of low phosphorus ferrochrome production is by use of low phosphorus level in coke. However, through long term data analysis, it is observed that chrome ore, though containing lower percentage of phosphorus than coke, can also be used for low phosphorus ferrochrome production as the phosphorus load in burden is more through ore than coke. This alternate method could impart potential cost benefit as the coke, especially ultra low phosphorus coke (<0.005%P) used as a reductant is one of the major cost factor apart from power in ferrochrome production.
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The current work reports on the results of researches on the metallurgical properties of special high reactivity carbonaceous reducing agents produced by Yasinovka Coke Plant and used for ferrosilicon manganese smelting at Nikopol Ferroalloy Plant. The researches included the determination of physical characteristics (density, porosity, strength), specific electrical resistance (SER) and reactivity (flammability) of experimental samples compared to base nut coke.

The study demonstrates that the strength of the pieces of the experimental and the ordinary reducing agents in the initial size varies from 233 to 320 kG/sample, whilst the strength of the experimental coke samples is insignificantly higher (by 3.4%) than the one of base samples. The true and bulk density of all presented samples has a close average value. These types of density are averaged for the experimental samples at 1.88 t/m3 t and 1.00 t/m3; and for ordinary coke samples at 1.81 t/m3 and 0.95 t/m3, correspondingly. The porosity of the samples varies from 44.4% to 51.3%. At the same time, the average porosity of the experimental samples is 1.4% higher than the one of the ordinary coke samples.

The values of the specific electrical resistance (SER), measured for all the coke samples in a grain-size class of 6-3 mm, ranged from 1.05 to 2.10 Ohm*m. The SER of the experimental coke is 1.34 Ohm*m on average in comparison with the average SER of 1.10 Ohm*m for ordinary coke of the Donetsk basin coals. Thus, the average value of the specific electrical resistance of the experimental special reducing agent samples is 11.6% higher in comparison with the base samples.

It is recognized that indicators of the reactivity (flammability) of coke as a reducing agent are the most objective quality characteristics in comparison with the commonly used indicators, namely crushability and abrasion of coke. This is why the submitted samples were tested for flammability. The studies showed that the reactivity by oxygen (rate of mass loss) for all the samples met the requirements applied to the metallurgical coke. Meanwhile, the experimental reducing agent samples had a higher quality on this indicator; the rate of mass loss for the experimental samples was also more uniform. This, in turn, confirms the higher structural strength and less collapsibility of the mentioned experimental reducing agent samples.

Thus, the completed complex of researches demonstrated the higher properties of the experimental special reducing agent produced by Yasinovka Coke Plant in comparison with the standard nut coke. In the conditions of Nikopol Ferroalloy Plant, the ferrosilicon manganese smelting technology using the new types of high reactivity reducing agents is mastered. This technology is characterized by a higher degree of extraction of manganese into the alloy, with a reduction in power consumption compared to the use of ordinary nut coke.
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Carbothermic reduction behaviour of ilmenite ore at high temperatures
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As rutile is limited resource in nature, ilmenite ore has become the most important (ferro-)titanium source. Because ilmenite has lower purity of TiO2 compared to rutile, it needs to be upgraded to get TiO2-rich slag. One of upgrading processes is pyrometallurgical ilmenite smelting. Especially, TiO2-rich slag produced from smelting process can be used as TiO2 pigment. At the same time, pig iron is produced as by-product, and is supplied as scrap to the steelmaking process. Furthermore, TiO2-rich slag from smelting process is also used for producing ferrotitanium which has high Ti content such as FeTi70 type. Thus, understanding the carbothermic reduction behaviour of ilmenite is highly important to produce ferrotitanium. Nevertheless, there are few researches regarding the pyrometallurgical process for ilmenite reduction. Hence, in the present study, the carbothermic reduction process of ilmenite ore was estimated not only by computational thermodynamics using FactSageTM7.0 but also by high temperature experiments. The FeO-TiO2-Ti2O3 phase diagram and liquidus isotherms were calculated by FactSageTM7.0, from which it is suggested that the temperature over 1600°C and 20% FeO in slag are appropriate conditions for the smelting process. Based on the calculation results, ilmenite smelting experiments were conducted at 1600°C for 60 minutes with graphite refractory. The composition and phase of slag were confirmed by XRF and XRD analyses. Total Ti content in slag increased from about 47 to 76%, while Total Fe content in slag decreased from about 41 to 9%, which is very similar with the simulation results. XRD analysis denoted the dominant phase was MgTi2O5 phase, one of M3O5 phases.
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Influence of CaF2 and MnO on Viscosity and Structure of MnO-BaO-SiO2-CaF2 slags
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The MnO-BaO-SiO2 slag, which is produced by BaO addition to produce ultra-low phosphorus FeMn (ULPFeMn) alloy, could be used as a Mn source for producing SiMn alloy by the chemical reaction with Si-rich metals in duplex processing. Silicothermic reduction behavior of MnO in the MnO-BaO-SiO2 slag is significantly dependent on the viscosity of molten slag. Thus, the viscosity of the MnO-BaO-SiO2-xCaF2 slags (BaO/SiO2=1.0, MnO=10, 40%, x=0-15%) was measured to understand the effect of CaF2 and MnO on the viscous flow of molten slags. The CaF2 addition to molten slags has a considerable effect on the viscosity of the melts with 10%MnO, while it is less effective in the melts with 40%MnO. The activation energy for the viscous flow of silicate melts decreased with increasing content of CaF2. Raman spectroscopy was used to quantitatively analyze the effect of CaF2 and MnO addition on the structure of molten slags. Because the simplified (depolymerized) structural units, i.e., Q1 (NBO/Si=3) and Q0 (NBO/Si=4), are in majority at 40%MnO system, the addition of CaF2 is less effective in depolymerization of the melts. On the other hand, the addition of CaF2 in 10%MnO system strongly depolymerizes the silicate networks, resulting in a dramatic decrease in viscosity of molten slags. Decrease in viscosity could enhance the Mn recovery during the silicothermic reduction process.
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Ferromanganese (FeMn) slags are independently produced not only in submerged arc furnace (SAF) process but also in manganese oxygen refining (MOR) process for production of manganese ferroalloys. Especially, BaO has been sometimes used in MOR process as a fluxing agent to produce ultra-low phosphorus FeMn (ULPFeMn) alloy. So, two types of MnO-rich slags are classified to the MnO-CaO-SiO2 and MnO-BaO-SiO2 systems. These slags that contain high amounts of MnO (approx. 40%) have a great potential to produce the silicomanganese (SiMn) alloy by the chemical reaction between MnO-rich slags and Si-rich metals in duplex processing. Thus, understanding the silicothermic reduction (Si&#61611;Mn exchange reaction) behaviour is very important to increase the production efficiency during plant operation. Nevertheless, the silicothermic reduction of MnO in the slag has not been fully investigated in view of reaction kinetics as well as Mn recovery. Therefore, we thoroughly investigated the effect of silicon content (20 to 80%) in metal, CaF2 content (0 to 15%) in slag, and temperature (1500 to 1600°C) on the silicothermic reduction behaviour of MnO in the MnO-SiO2-MO-CaF2 (M=Ca or Ba) slags. From the results, we conformed that Mn recovery is proportional to Si content in metal, temperature and CaF2 content (up to 5%) in slag. However, it is nearly constant at CaF2 content greater than 5% because of the retardation of the slag-metal reaction by increasing the apparent viscosity due to the precipitation of solid compounds.
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In a market that is demanding optimum operations in order to survive, every source of assistance and value addition needs to be implemented. This paper highlights the important factors that contribute to the lifecycle optimization of processing plant & equipment together with improved plant efficiencies and sustained performance throughout its lifecycle within the context of the non-ferrous industry. 

As with the changing market environment and requirements of many clients, so too has the strategy and focus changed, of many plant operators. This renewed strategy requires a comprehensive solution to increase the efficiency and profitability of manufacturing and processing plants.  

A detailed description of existing comprehensive solutions will be discussed further in this paper highlighting the benefits that will be achieved through lifecycle optimisation strategies & practices. Some consideration will be given to best practices for spare parts and refractory consignment models, coupled with utilizing a complimentary improved service model. 

We will explore the merits and rewards for having an OEM based maintenance outsourcing strategy and an ongoing technical services support structure in place to assist in the continuous development of the processes and efficiencies of the plant. 

The content of this paper aims to portray the close link to lifecycle optimisation of manufacturing and processing plants with improved efficiency and reduced OPEX.
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Losing a single transformer on a three transformer, three electrode furnace will cause significant production losses, even if a spare transformer is available.  But when the spare transformer is installed and another transformer fails with no spares available, the furnace will have to be shut down, with the possibility of freezing the charge in the furnace and resulting in major production losses for a prolonged period of time whilst the transformer repairs are completed.

Exactly these circumstances occurred at Highveld Furnace 7 in 2013.  This problem was addressed by first operating the furnace with only two transformers for a short period of time to enable emptying of the furnace. Subsequently, a largely incompatible furnace transformer was borrowed until such time that the failed unit could be repaired.  The borrowed transformer required low voltage bus bar modifications and control system changes.  However, these modifications enabled the furnace to re-start in a short time, minimizing production losses and staying in operation until one of the original transformers was repaired and installed.  This paper discusses firstly the two transformer operation, and secondly the modifications to the low voltage bus to incorporate the borrowed transformer to return to full production as well as the revision of the power control system to operate the furnace in automatic mode without having current transformers available on the borrowed transformer.

------

Production of manganese alloy through carbothermic process

[147-Nandy]

Bikash Nandy, Chilin Biswas, Biswajyoti Biswas, Sirsendu Mukherjee, and Ashok Kumar

Tata Steel Ltd, Kolkata, India

bnandy@tatasteel.com; chilin.biswas@tatasteel.com; b.biswas@tatasteel.com; ashok@tatasteel.com

Tata Steel produces 10 Mt of steel in the form of round and flat products.  In order to produce micro-alloyed steel of different grades and for refining, ferromanganese alloys are added to modify the melt characteristics to get the desired value in strength and other related properties.  Depending on the end products, ferro-alloy compositions are also selected.  To cater for the needs of ferro-alloys as required by Tata Steel’s Jamshedpur and Kalinganagar plants, every month almost 8000–9000 tonnes of manganese ferro-alloys are produced through its Ferro Alloy Processing Centres (FPCs) and 4000–5000 t of ferromanganese alloys are produced from its FAP, Joda plant.  Owing to its limitation in production capacity, the Company goes for partnering with other ferro-alloy manufacturers to meet the demand.  Tata Steel possesses manganese ore mines from which it supplies manganese ore for conversion to its partners to cater for the needs for manganese ore and reductant in the form of nut coke and middlings from its own plants.  Different types of manganese alloys are produced in  the eastern part of India, owing to its availability and near destination for usage.  This paper highlights some of the major raw materials usage by its partners, and proper justification  for production of manganese ferro-alloys.
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In according to obtained data of laboratory and industrial studies, the scheme of recovery process in ore thermal electrical furnace working on AC current has been developed dependence on melting period. It allows modelling not only the temperatures but also the degree of chromium reduction along the vertical profile of working zone in electric furnace bath in depending on metallurgical characteristics of chromium ore. The maximum temperature in working zone decrease due to decrease temperature of final softening charge materials, in case changing Kempersay ore on poor Sarnovsky ore. It been confirmed by measuring temperature on slagging-off. In case using ores of Kemperisai deposit, the average temperature of first slag portions is ~1760°C. In case using ores of Saranovskoye deposit it is ~1680°C. The decrease in recovery degree of Cr necessarily occur due to decreasing temperature in reactionary zone  of furnace bath (according to industrial studies to 3.7% if temperature is decreasing on 80°C). The knowledge of features carbothermic reduction of chromium ore materials components allow influence rate and degree recovery chrome by using different type of raw material due change composition and components ratio. Also, the rate and degree of reduction of chromium is influenced by the use of selective feeding of charge materials along the horizontal cross-section of the top and selective loading, depending on the melting period The  procedures may change temperature zone in bath of furnace, they increase time holding  of materials in favourable temperature conditions of melting. As a results, they lead to more complete overall reduction of chromium in the electric furnace.
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The article is dedicated to the restoration of the ferro-alloy factory operability after the fire, which occurred at Tikhvin Ferroalloy in November 2015.

The reasons that led to the shutdown of production are considered, the ways of solutions are described for restoration works. The order of actions necessary for the implementation of the restoration project, interaction with many local and international organizations participating in the project is described.

The complexity of the project consisted in the impossibility of a complete damage assessment and plan of work due to the presence of large number of collapsed areas and steel structures in the central part of the melting shop from +0,00 m to the level of 22.00 m. The assessment of steel structures had to be performed consistently as the release of space from the collapse. The hardest part was the decision to restore the bearing capacity of main columns for providing the location of the main equipment supplying the raw materials for the furnaces and which are load-lifting mechanisms and the roofs of the melting shop buildings. The dislocation on these columns was horizontally more than 0.5 m as a result of high temperatures from fire reached to the vertical axis.

In this case study, restoration challenges and safety cautions would add some values to the ferro-alloy industry’s operational sustainability.
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Nowadays, not much raw iron is produced directly from (pre-reduced) ore in electric furnaces The principal working horse remains the blast furnace due to their large capacity, the globalization of raw material trade, and coke as a cheap energy source in comparison to electricity. Number 2 in supplying the basic ingredient for steel is the scrap melting furnace.

Currently, there is a huge upswing in renewable energy, which is bound to change the energy landscape for decades to come first of all because of the steadily declining cost per MWh. Secondly, the concern about greenhouse gases, and thirdly the developments taking place in intelligent grid design both pave the way for an renewed key position of electric furnaces.

This paper gives a brief overview of raw iron and steel making possibilities from ore in electric furnaces, developments over past decades that hardly saw the light due to the poor economics of electric raw iron and steel production. The other main topic is how the changing energy market is now opening the door to a new era, where steel and raw iron may well will be produced from ore in electric furnaces.
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Titanium is usually added to liquid steel in the form of ferro-alloys with varying Ti concentrations. These titanium sources also contain Al, Ca, and O as the main impurities. In the present work, three different titanium sources, namely, pure Ti and two commercially produced Ti alloys i.e. FeTi70 and FeTi35 are studied. The Ti or FeTi was brought in contact with the liquid iron using the suction method, for a predetermined time and quenched. The reaction zone between the liquid Fe and the titanium source was subjected to microstructural investigation. The present study has assisted in understanding the influence of impurities from the Ti source on the dissolution behaviour and the inclusion formation. On the basis of this study, it can be concluded that the Ti rich regions formed after the introduction of pure Ti could modify the existing alumina inclusions in liquid steel, the impurities in FeTi70 contribute to the inclusion formation depending upon the availability of O while FeTi35 introduces inclusions to the liquid steel.
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Elkem developed a monolithic furnace lining that incorporates a gas/metal/temperature “stopping” layer, after experiencing severe problems with carbon block linings back in the 1980s. Later improvements of carbon block quality and installation demanded further improvements for the monolithic solution also. This work has been done internally in Elkem and together with the Norwegian University for Technology and Science.

Different installation techniques and equipment were tested before the rammed materials were heated and baked to different temperatures, at different heating rates. Samples of materials were tested by traditional destructive testing. Other samples were computed tomography (CT) scanned before they were exposed to molten metal and slag. Further CT-scanning of the samples was conducted after this to show if and where the rammed monolithic lining was attacked by the metal and slag.

The development work has shown that that rammed monolithic linings are robust during the heating and curing process, but that the correct installation and ramming of the material is critical. Suitable installation equipment and the correct installation techniques will deliver a monolithic lining with a homogenous density and particle size distribution. In addition, optimal mechanical strength with a minimal crushing of the carbon particulate/aggregate will be achieved.

This paper describes the monolithic lining solution and advantages, the development work which is done, and correct installation and heating of monolithic linings.
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In ferromanganese production the prereduction zone plays an important role on the quality of the products both alloy and slag. More have been published on the degree of prereduction. This have focused more on MnO related phases. This paper presents results of a holistic study on different phases that formed during prereduction using South African manganese ores. Both head samples that were crushed, homogenized and the products after reduction were analyzed using XRD, XRF, SEM-EDS and Mössbauer for phases identification. Graphite crucibles placed in a silica crucible were used. The temperature ranged from 1000°C to   1200°C with 100°C interval. Alumina tube furnace was used for the investigation. Argon was blown first in the furnace to create neutral conditions and the inflow gas was switched to carbon monoxide. Three set of experiments were conducted and the sample remained in the furnace for between 30 minutes and 90 minutes with 30 minutes interval at the working temperat ure. The products were immediately quenched in ice and analyzed. The analysis of the products provided phases that formed in addition to the MnO related phases. The decomposition of picks have provided more insights on numerous phases that formed at different temperatures at different times.
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The research paper presents the results of experimental studies on the production of a complex aluminium-silicon- chrome alloy. Aluminium-silicon-chrome is intended for metallothermal production of medium-carbon ferrochromium grades, as well as for deoxidation and partial alloying of stainless steels.

Studies of the smelting of a complex alloy of aluminium-silicon-chrome were carried out in a large-scale ore- thermal furnace with a power of 200 kVA. High-ash coals of the Karaganda coal basin, screenings of high-carbon ferrochromium and quartzite were used as charge materials. Quartzite was used to neutralize excess carbon. A feature of this technology is the exclusion of coke. The amount of carbon contained in the high-ash coal is sufficient for the passage of all the reduction reactions. Analysis of the test results showed that a single-step, slag-free process can produce an alloy of aluminium-silicon-chrome, which contains,%: silicon 45-55; aluminium 12-18; chromium 15-30; carbon 0,5-0,6; phosphorus 0.01-0.04; iron and other elements not more than 3.

The use of relatively cheap materials makes the new development economically viable and having prospects. Large reserves of high-ash coals can serve as cheap raw materials for smelting a complex alloy of aluminium- silicon-chrome, having in its composition a number of useful components in the form of oxides of aluminium, silicon, iron, etc. In addition, for ferrous metallurgy (a large consumer of primary aluminium), there is a possibility of a significant expansion of the raw material base for aluminium, more than half of the world's coal reserves are highly ashy. In one ton of high-ash coal contains more than 140 kg of Al2O3.

------
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The research paper presents the results of studies on the microstructure of the slag of refined ferrochrome, which obtained with aluminium-silicon-chrome by using the new technology. It is shown that, in order to decline material and energy costs, the smelting process of refined ferrochromium can be carried out by using complex silicon-aluminium reducing agents, which in turn positively influence to the composition of the final waste slag.

The microstructure was studied by using an NU-2 electron microscope and a spectral analysis method with apply Tescan Mira 3 LM scanning electron microscope. The phase composition of high-alumina slag of refined ferrochrome was investigated by X-ray diffraction analysis by using a DRON-2 diffractometer. Studies have established that the phase composition of the high- alumina slags is mainly represented by merwinite (3CaO.MgO.2SiO2) and gehlenite (2 CaO.Al2O3.SiO2). Small amount of chromium spinel and metal bolls - refined ferrochrome were also found in the samples of thin sections of high-alumina slag.
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It is common cause that South Africa’s mining and industrial sectors are struggling to compete in global markets.  Electricity pricing is frequently cited as one of the primary causes, typically because of the current price level, uncertainty around future prices, or both.

Starting from a low base by international standards, South Africa has certainly experienced above-inflation electricity price increases over the past decade.  Eskom’s sales data confirm a declining trend in electricity sales to its large industrial consumers, particularly since 2011, attributable to efficiency gains, an increase in cogeneration, as well as cutbacks and closures across a range of market segments.  High and/or rising electricity prices inevitably pose the greatest threat to the most electricity-intensive users, including the ferro-alloy producers.  Logically, other competitiveness factors, such as manpower and logistics costs, rise in relative importance as electricity intensity decreases.

Reduced sales to large industrial customers reduces the system load factor, exerting upward pressure on the unit cost of energy at the generation level.  Furthermore, as large users contribute significantly to the subsidisation of other users’ prices, falling consumption risks ever increasing cross-subsidy contributions by the remaining contributors, further increasing prices.

In response, Eskom proposes to introduce a suite of more cost-reflective tariffs aimed at facilitating stabilisation and even growth of consumption by electricity-intensive customers with high load factors.  These customers contribute significantly to keeping the unit cost of electricity down, and simultaneously stand to gain most from more cost-reflective electricity pricing.

However, developing and implementing new tariffs in a regulated industry unavoidably takes time, so a long-term solution is unlikely to be in place in the near term.  In the interim, Eskom is consulting with the relevant authorities to introduce a framework that will facilitate the approval of short-term measures (up to two years) to assist the most threatened customers to sustain production while the new tariffs are being developed and considered for approval.
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The production cost in the ferromanganese industry is of great concern as it is ever increasing. Alternatives are being sought to compensate the ferroalloys production costs namely solar energy, wind and biomass. While feasibility proofs of concept were attempted in countries where biochar was used as a reducing agent the South African manganese industry has focused more on the pre-reduction process, hence the scarcity of data on the use of biochar in ferromanganese industry using South African ores. The current paper focuses on the use of raw macadamia nut shells and on the produced biochar in the ferromanganese industry in South Africa. Reduced products are characterized and compared to the products currently obtained using conventional reductants. The basicity of the feed was kept at around 1. The biochar has been produced by heating the macadamia nuts at 600°C using a tube furnace under neutral atmosphere. The biochar produced was characterized using SEM, XRD and XRF. T he carbon content in the biochar was determined by proximate and ultimate analysis. The temperature was 1550°C, a graphite crucible was used and carbon monoxide was blown in the tube furnace. Comparison between products obtained when raw macadamia nut shells were used and those from the  produced biochar was conducted.
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Feasibility studies demonstrated that multi-mineral ores might exhibit enhanced comminution when pre-treated with microwaves. Platinum group metals, iron ores and base metals bearing minerals were extensively studied. While sulphur was removed through microwaves irradiation, bacteria and microbial strains populations were reduced through the same treatment. South Africa’s deposits in ferro alloying commodities is valued to millions.  From 2013 to 2016 Iron and steel industry globally claimed hundreds of thousands Tons/year. While there is still room for growth for South African’s ferromanganese industry, there is a need for proactive feed quality development prior to their additions.  An attempt to improve ferromanganese value liberation was made using microwave irradiation. In addition to silica removal, selective ferromanganese pre-concentration was studied. The paper will discuss preliminary findings as multimode cavity operating conditions are optimised prior to the use of a single mode cavity.
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Utilizing the heating value from CO-rich waste gas streams by cogeneration, drying or preheating has been applied widely across the ferro-alloys and steelmaking industry. Mechanical systems integrated with the waste gas streams require strict control of multiple parameters, which often results in an uneconomical business model. Although converting the chemical value of the waste gas into different chemical derivatives has been explored, process alternatives have not been tested on sites due to the risks imposed by the potentially dirty, poisonous and somewhat erratic gas supply.

A ferro-alloy waste stream should not be controlled to ensure that downstream operations perform.  Gas fermentation enables recycle of waste or underutilized gases, adding value through high volume, sustainable, production of fuels and chemicals. LanzaTech’s process technology offers an advantage in its use of a biocatalyst that is robust, versatile, and tolerant to gas composition fluctuations and contaminant levels. Swayana, with its partners, is establishing the viability of generating ethanol via microbial fermentation using LanzaTech proprietary carbon capture technology.  Compositional fluctuations were tested at both laboratory scale and in the field with a gas testing unit. CO content varied between 45-60 % and H2 content between 15- 25%. The process maintained stability at both the laboratory and field test.

The LanzaTech process has been demonstrated extensively at scale, generating over 55 000 hours of operation using gases from steel manufacturing processes and gasified Municipal Solid Waste. Over the course of its demonstration operations, the LanzaTech process has been shown to recover from significant upset events, including interruptions to the gas supply. It is considered that interruptions expected on smelters, including electrode additions, minor water leaks and hose inspections, will not pose major production or cost threats.

LanzaTech’s unique biological process employs highly efficient microbes that can tolerate high levels of contaminants in the gas stream, with minimal gas conditioning. Microbial fermentation is proving to be a robust process that fits ferro-alloy operations.
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Küttner is a global technology company with nearly  70 years of experience and expertise in industrial plant manufacturing especially focusing on materials handling, and preparation for industrial furnaces, off-gas cleaning and heat recovery.  Küttner can refer to a vast experience and know-how in Fluidizing Bed and pneumatic transport of all type of ores (hot or cold) and abrasive materials including the most abrasive foundry sands.  Based on this experience, Küttner has become a market leader for any type of pneumatic transport and injection not only into the Blast Furnace but was also involved in other type of pneumatic transports, whether it is coal as for the the Koniambo plant, or iron ore at the Hirsana plant.  Küttner has furthermore the HIsmelt licenses and was also involved in the development of the Hirsana process in the Netherlands.

The main issues are optimisation of the operation coast without enlarging the operation work.  Therefore it seems to be the best possibility to substitute electric energy with fossil energy like natural gas.  The Küttner concept is based on a state of the art Circulating Fluid Bed (CFB) based Pre-heater concept combined with a venturi type preheating stage to utilize the heat of the off-gas for preheating the chromite solids.  The Fines after having passed the integrated preheating stage are then separated from the process gas by means of a cyclone. While the off-gas is scrubbed and then released to the air. The preheated fines are fed into the CFB (Circulating Fluidized Bed) for further preheating to the target temperature. 

The process heating is based on fuel lances in the reactor. The fluidization air is injected on the bottom. Our special design uses a central air injection.

The unique characteristics of a CFB system ensure the highest efficiency in terms of a clean combustion and the best heat transfer with a most homogeneous temperature profile without any local overheating. The preheated material is discharged at the Cyclone and the bottom of the CFB Reactor, in this way the CFB reactor is having the utmost flexibility with respect to the feed material sizing: Coarse Particle will be discharged from the bottom, while the normal discharge is done via the cyclone.  Both material flows are then collected in an intermediate hopper before they are transported via two air lift systems on top of the DC arc furnace. Here the separation of the ore will be supported by a rotary chute towards four intermediate bins. These bins are equipped with a gravimetric dosing system to assure a constant and high reliable product flow to the furnace feeding ports.
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Spherical ferrous-alloy powders were prepared using a microwave plasma-assisted method. Both alloy formation and spheroidisation occur in situ during a single pass through the plasma region. Mechanical alloying (MA) is the conventional production method due to the ease of operation and high production rates. MA, however, induces internal strain and impurities during the milling process, adversely affecting certain mechanical and magnetic properties.

Plasma-assisted spheroidisation of powders can overcome these drawbacks. Additional advantages include: improved flowability; increased powder packing density; elimination of internal component cavities and fractures; changes in morphology resulting in decreased inter-particle friction and contamination during pneumatic transport; and, enhanced particle purity. In this study, spherical Fe/Zn and Fe/Co particles were produced using a microwave plasma process operating at atmospheric pressure, and characterized using XRD, SEM and TEM techniques. The microwave plasma was operated at a frequency of 2.45 GHz, with argon serving as both carrier and plasma gas, at atmospheric pressure.

------

Construction of an Effluent Treatment Plant for Hexavalent Chrome Effluent at Sukinda

[169-Gokarn]

Prabhash Gokarn, Ashish Kumar, SimmaKiran Kumar, and Arijit Mondal

Tata Steel, India

prabhash@tatasteel.com; IFAPA <tifapa@gmail.com>; Jayanta Chatterjee <jkchatterjee916@gmail.com>

Tata Steel operates one of India’s largest chromite mines, at the Sukinda Valley in Odisha, producing chrome ore which is subsequently converted to ferrochrome and sold to customers across the world.  A large quantity of water, generated during mining and due to rainfall, needs to be handled during the mining operations.  Tata Steel has set up an effluent treatment plant at Sukinda with a capacity of ~108 million litres/day; to treat both mine water and surface run-off, and is presently one of the largest effluent treatment plants in the region.
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High carbon ferrochrome is produced from Submerged Arc Furnace (SAF). It is crucial to identify the lead indicators in Submerged Arc Furnace for stable operation in order to maintain good productivity and quality of metal. Electrode current in FAP Bamnipal Ferro-Alloy unit increased and charge resistance dropped resulting process disturbance leading to lower production. Electrode slippage increased, hearth bottom temperature decreased. It was happened due to charging of wet chromite ores and high size of nut coke. To improve process stability high size nut coke charging was stopped and small size Chinese coke increased; high grade friable lump charging and high grade fines mixing with sintered pellet was stopped due to lower hearth bottom temperature. Electrode slippage was increased to melt the bottom crust of Cr2O3. After taking this corrective actions process was stable and productivity improved. Electrode current, charge resistance, hearth bottom temperature, Cr2O3 etc. are important lead parameters for stable operation of Submerged Arc Furnace.
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Accounting for more than 75% of global land-based manganese resources, the Kalahari Manganese Deposit (KMD) in South Africa commands worldwide attention for the production of ferro- and silicomanganese alloy. For smelting operations, energy consumption is a concern, particularly in the South African context, where electricity costs can make ore reduction uneconomic. The composition of the ore in the furnace charge plays an important role in this respect, but has often been overlooked by considering only the ore grade. This paper outlines the use of quantitative mineralogy in differentiating ore types, given similar Mn grades, and explores implications for energy consumption in the furnace. A combination of X-ray diffraction, mineral chemistry and bulk chemical assays allows, further, the calculation of a bulk Mn oxidation state for different ore mineral assemblages, which is also found to be independent of total Mn grade. The findings of the mineralogical work, when combine d with geological controls on ore formation, allow the prediction of ore distribution, which may hold benefit for selective mining or stockpiling to ensure consistent feed compositions.  Together, all pieces of information can be used for enhanced decision making in handling ore variability, and thereby optimally running furnaces to reduce energy consumption.
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Influence of entry of a new component into composition of the electrode paste (electrically calcined coke) instead of graphitized coke on its properties was studied.
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In works performed by the founders of electrothermy in Ukraine, Professor S.I. Telnyh, I.P. Zherdev, and S.I. Hitrik, the presence of an electric arc was determined by the presence of a third harmonic voltage between the zero of the artificial star and the furnace bottom.  The technique used did not allow us to determine the symmetry of the electric arcs of three-phase furnaces.

The analysis of the harmonic voltage spectrum between the zero of the symmetrical artificial star and the furnace bottom performed in the above work allows the symmetry of the electric arcs in three phases to be realized, which is inaccessible in real conditions. When non-symmetry appears, one of the components of the harmonic spectrum is observed, indicating that the symmetry is not in the corresponding phase.

Modelling and tests carried out on industrial three-phase furnaces have confirmed the possibility of using the proposed methodology for controlling and controlling the electrical regime of both steelmaking and ore-reduction furnaces.
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The analysis of modern production of refined manganese ferro-alloys and the basic directions of its perfection is carried out. It is shown that the main trend of development of this direction is based on the introduction of technological schemes for refining melts by purging in converters or by traditional methods of mixing them with oxide melts and their intensification by increasing the area of contact of reacting components due to their intensive mixing or purging with inert gases. The technological scheme, the equipment of its characteristics (the supplier - the company Sinosteel JEMECO (China)) for the plant for the production of metallic manganese by the silicothermic method is given.
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The development of world industrial production is aimed at solving issues of complex rational use of mineral and raw materials, utilization of secondary material and energy resources, environmental protection.

The production of ferronickel from oxidized nickel ores is based on the use of raw materials, the content of nickel in which practically does not exceed 2.5%, therefore the process is characterized by a large slag volume, the multiplicity of which is 6-10 units and is the highest in electrothermy of ferro-alloys.

The samples of electric furnace and refining slag of ferronickel production with the use of oxidized nickel ore, the Guatemala deposit were measured using the X-ray spectral microanalysis (RSMA) method at the Selmi REM-106I unit. It was determined that the main amount of nickel is concentrated in the metal phase beads of various shapes in the compounds with iron and sulfur, The concentration of which in some cases reaches more than 70%.

The technological scheme of enrichment of electric furnace slags for "wet" technology and refining slags by "dry" using a modernized magnetic separator has been developed and proposed for implementation, and 31.6% and 94.65% of nickel can be extracted additionally from slags, respectively.
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Submitted comprehensive study of physicochemical properties and metallurgical values manganese ore various fields used in the production of ferro-alloys in rudovosstanovitelnyh high power furnaces.

Addressed return issues in food production and ore processing waste of ferro-alloy production, the use of which in the metallurgical without preparation and agglomeration impossible.

The modern technological schemes of agglomeration of manganese-containing materials are analyzed. In the laboratory, semi-industrial and industrial conditions, a complex of research, on the basis of which the new technologies and technical solutions aimed at improving the metallurgical properties of sinter. Basic solutions consist in sintering manganese agglomerate at high (600 mm) layer, design improvements of gas burners ignition furnace sintering machine, implementation under industrial conditions preheating agloshihty before sintering in an improved drum-pelletizers, preliminary pelletization of fine manganese concentrates before sintering, the development of technological schemes of integrated use Secondary resources of ferro-alloy production.
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Since Pobuzhsky Ferro-nickel Combine had been commissioned in 1972 in Ukraine, it started developing the technology of ferronickel production from oxidized nickel ores of its own deposits. During 45 years the general scheme of production by Elkem that was incorporated into the project has been undergone many changes and improvements.

At the stage of preparation of charge and obtaining "cinder", preliminary drying of ore and reduction of its moisture content from 30% to 20% have been introduced. The schemes for obtaining the "cinder" using various energy carriers have been worked out - fuel oil, natural gas, pulverized coal in combination with electric furnace gases. Investigated The effect and the optimal composition of the reducing mixture is determined, including secondary materials of adjacent production containing silicon carbide (SiC), which allows to reduce oxidation of carbon in the preparation of charge and to reduce the electric power consumption in the process of electric melting in the ore- reduction electric furnace.

The combine was given the opportunity to work on nickel- containing raw materials with 0.9 to 2.5% of nickel, which made it possible to quantitatively change the influence of raw material quality on production indicators and switch to the production of an alloy with increased nickel content.

The improvement of the lining design and the commissioning of the SAF by Hatch allowed to increase its actual capacity to 42 MW and increase the service life of the lining from 8 to 12 months to 5 years.

At present, a combined technological scheme for the production of ferronickel is used - one furnace operates with a reducing agent and receives an alloy with up to 50% of nickel, and the second melts an alloy with an increased Si and C content, using a secondary silicon carbide material, which allows optimizing the process of refining ferronickel from sulfur.

Practically complete utilization of secondary nickel- containing materials (dust, slimes, slag) allowed the plant to increase the extraction of nickel to 92-95% and become one of the leading electrothermal enterprises in the country.
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Metix introduced the first of its lower electrode technology for submerged arc furnaces with the installation of Hernic Ferrochromes’s Furnace 2 electrode columns in 2005. This installation saw the introduction of a full copper, hot-forged pressure ring assembly replacing the existing aluminium-bronze components. The lower electrode assembly, especially the pressure ring components, brought with them revolutionary concepts ranging from special alloys to aid in creep resistance and patented C-clamp devices to improve the ease of assembly and disassembly of the equipment.

Since this first installation in 2005, Metix gained a leading market share of the ferro-alloy furnaces in South Africa with our lower electrode components installed in thirty furnaces. But development of the Metix portfolio has not been limited to lower electrode components only. The understanding of key design criteria gained through the development of the lower electrode components has spawned the growth of numerous hot forged copper technology solutions including launders, tap holes, dampers, feed chute tips, roof deltas and ring beams. 

The combination of the superior hot forged material, an understanding of the process parameters for which the equipment will be designed, a firm grasp of the mechanical properties constraining the material of construction and an experienced design team resulted in a recipe for the success of our tailored solutions for both the ferrous and non-ferrous industries. Our Clients have been fundamental in this learning curve, and we’ve leveraged this practical feedback in combination with the theoretical design enhancements to offer improved technology solutions to the market.

This paper will discuss the evolution in the design of some of Metix’s core furnace technology equipment over the last decade.  The paper will demonstrate the design cycle over multiple generations of furnace components that directly affects availability.
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Sakura Ferroalloys is a global joint venture company with shareholding from South Africa’s Assore, African Rainbow Minerals and Assmang, Japan’s Sumitomo and Taiwan’s China Steel.  Sakura’s latest project covered the greenfield construction of two 81 MVA Ferromanganese / Silicomanganese furnaces with associated raw material handling, gas cleaning, water treatment, product handling, services and infrastructure on the remote island of Borneo.  Metix South Africa was chosen as the Engineering, Procurement and Construction (EPC) contractor, with the assistance from its mother company the SMS Group and locally established Metix Malaysia to execute this US $330 million project.

The project brought with it a variety of firsts.  It included the largest and most advanced closed submerged arc furnaces in Malaysia.  It was Metix’s first EPC project offshore, the SMS Group’s first EPC execution in Malaysia and the first time SMS steel making scrubbers have been used in ferro-alloy production.

This global and world leading smelter complex presented a variety of challenges during the project execution phase.  Borneo’s industrial presence is dominated by the petrochemical and palm oil industries with few to no supporting industries.  Large scale fabrication and the availability of specialised equipment and materials are nonexistent on the island.  The majority of inhabitants may speak English, but the contractors are more likely Mandarin or Hindi speaking.  Added to the above the project team had to deal with local issues such as extreme weather, legislation, taxes, construction regulations, safety and work permits.

One year after startup the project yielded two furnaces running at more than 120% of design capacity, higher than 98% availability, lower than expected specific energy input and producing on grade product while generating industry-leading particulate emissions.

This paper will provide an overview of the technologies and learnings in executing an EPC project in Borneo, Malaysia.
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Drying of raw materials is essential before charging into submerged arc furnace. The drying makes the furnace free of gas blows and charge eruptions. The drying process is vaporization of moisture from liquid stage. There are two kinds moisture 1)inherent moisture 2) external moisture. The external moisture can be completely removed in drying process. The reaction water(liquid) ---> water (vapour) is studied through thermodynamics and kinetics in this simulation model.

A complete design will be evolved for rotary drier based on waste heat recovery from flue gases of submerged arc furnaces. The aqua ammonia cycle and hot clean air drying agent are used as drying agents in kiln. The heat transfer model rotary drier and mass transfer model of moisture will be combined to make a unique drier suitable for both manganese ore and coal.

Nava Bharat Ventures limited uses this drier technology to save specific power and coal consumption in submerged arc furnaces.
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The life of a furnace starts with a mass and energy balance, and its operation should be supported throughout its life with an accurate mass and energy balance.  This paper focuses on mass and energy balances with the objective to specify the power rating of a furnace.  It discusses the importance of understanding the mass- and energy-related differences between processes.  Examples from across ferro-alloy and slag smelting processes will be given to illustrate the impact of (amongst others):

· using enthalpy numbers for chemical or mineralogical raw material compositions;

· including or excluding the heats of solutions of slags;

· multiple reactions occurring in some processes, and where they affect the end result;

· assumptions made on the composition of volatiles in reductants;

· designing for open bath, open/brush-arc or submerged arc operation.

The paper concludes by discussing the value an accurate mass and energy balance has for operational plants; how it answers different questions for open bath, and submerged arc processes, and how its application differs but remains invaluable.
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Due to the possible shortage of high-quality fossil carbon materials and charcoal in the future, this study focuses on the possibility of using natural gas as a substitute for commercially scarce high-quality carbon sources in the Si industry.  The carbon obtained from natural gas was agglomerated with quartz, formed mixed pellet and carbon deposited pellet.  The reaction behaviour of the pellet under different parameters was investigated using a thermo-gravimetric (TG) furnace.  The reaction between quartz and carbon pellet was divided into two successive stages, the SiC- producing stage and SiO-producing stage.  The two reaction-stages were found to be the main mechanism both in CO and in Ar atmosphere as follows.

SiC-producing stage:         SiO2(s) + 3 C(s) = SiC(s) + 2 CO(g)

SiO-producing stage:                 SiO2 + SiC ( SiO + CO

Then the main reaction path in SiC-producing stage is concluded.
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Ferromanganese (FeMn) and silicomanganese (SiMn) alloys are typical considered added as the alloying agents for high Mn steels. In the production of FeMn and SiMn alloys, it is hard to avoid the impurity elements such as N, P and C originated from the raw materials and processing route. However, due to their detrimental influence on the mechanical properties, the impurity contents should be tightly controlled. In the present study, the CALculation of PHAse Diagrams (CALPHAD) approach has been applied to developing a self-consistent thermodynamic database for the Fe-Mn-Si-Al-C-P-N system including all solids, liquid and gas phases in the system. In the development of the database, all the phase diagram data and thermodynamic data such as activity, enthalpy, partial pressure, etc. were simultaneously considered to obtain the most reliable thermodynamic model parameters. The results of the thermodynamic modelling and the applications of the database to the impurity refining process will be presented. All calculations were performed using the FactSage thermodynamic package.
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Open bath processes are nothing new. In fact, many electrically produced materials started in an open bath. Nowadays, open bath processes are applied, but no as widely as possible, and sometimes only product specific. The main swing in open bath electrical smelting came with the Strategic-Udy process, a.o. for production FeCr. FeCr has been produced in electric furnaces since Moissan did his first experiments at the end of the 19th century. Development of electrical FeCr production actually started with open bath DC, and was only then followed by submerged AC, with a chapter  of open bath AC in the 1950s, to finally open bath DC in the 1980s. SMS-group offers solutions for challenges posed by open bath smelting, and this paper will describe some of the design considerations.
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High-carbon ferrochrome smelting in a DC furnace: Smelt small stuff and stop sintering
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The smelting of charge chrome in DC furnaces is by now an established process, based on 40 years of development in South Africa. SMS Group offers the advantages of DC smelting also applied for high carbon ferrochrome. Some of the significant process differences will be addressed with potential ores as example. The higher content of Cr poses new challenges in process control, philosophy, and equipment. SMS-group offers DC furnaces with several design options are available, stepping away from the mantra of MgO refractory and Cu cooling.

------

Selective oxidation of vanadium containing hot metal from LD-slag

smelting reduction process
[189-Tikka]

Janne Tikka 1, Sauli Pisilä 1, and Mikael Lindvall 2
1.  Pöyry, Mining and Metals, Oulu, Finland

2.  Swerea MEFOS, Sweden

janne.tikka@poyry.com; sauli.pisila@poyry.com; Mikael.Lindvall@swerea.se

Mustavaaran Kaivos Oy (MKOy) shall commercialize a process for recovery of valuable elements from Nordic steel slag (also called LD-slag). LD-slag is reduced in an electric furnace with carbon based reductant and fluxes. The produced hot metal (HM) contains up to 9% (by mass) vanadium (V) and 1% phosphorus (P). The V in the hot metal is then subsequently selectively oxidized in a separate furnace producing a commercial grade V-slag. The V-slag is further processed through the roast-leach route to vanadium pentoxide (V2O5) which will be used to produce ferrovanadium (FeV). A test campaign was carried out with the aim to validate selective oxidation of high V and P containing HM using an EAF. The tests were carried out by melting appropriate ratios of iron and ferroalloys in a 5 MVA EAF. When the targeted HM composition and temperature had been reached, the primary furnace slag was removed and the oxidation tests were initiated. During oxidation, iron ore pellets were fed to the hot spot simultaneously as air was injected using consumable lances. Five trials were carried out and more than 2 tons of V slag and 23 tons of de-vanadized HM were produced. The HM contained as lowest 0.07% V corresponding to a V-yield of 97%. The V slag comprised 15.4-17.9% V, 0.05-0.12% P and 25-30% Fe.
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Pelletization of chromite ore in shaft furnace is associated with a typical disadvantage of irregular heating of the material between the peripheral outer zones and the central zones of the furnace, resulting in a non-uniform and poor quality pellets and finally loss in production. To improve the pellet strength, one of the steel making slag was used as flux and laboratory studies were carried out. Based on laboratory study results, plant trials were conducted in 0.75Mtpa capacity chromite pellet plant. Plant trials resulted in improving the cold compressive strength of pellet by ~50% from 85 to 150kg/pellet. Pellet plant production has increased by ~25% from 190 to 250tpd. The role of tested slag in improving the pellet strength has been examined. The amount of melt formed during sintering was found to play a major role in improving the pellet strength.
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In the silicon process, one important driver to operational expenditures is the cost of electrode consumed during the reduction process in submerged arc furnaces.  The silicon operations world has faced several technology advances in the past decades; one of the most important advancement reached in this industry was the electrode technology.  This paper describes briefly and compares the actual major electrode technologies used in different silicon operations worldwide.  The Alternative Electrode, using steel casing, Søderberg Paste and graphite core, the pre-baked electrodes and the Aluminium casing with stainless steel and alternative alloy as fins plus Søderberg Paste are the technologies discussed on this article.  Based on operational experiences of the authors in all of those technologies, the article will compare these technologies from the capital expenditure, operational expenditure, operational complexity and quality points of view.  The idea is to provide a comprehensive review on the electrode columns systems, components, and sub-components similarities and the operational risks and criticality of each one of those components.  The major objective is not a final decision or suggestion about the best technology to be used instead, the authors would like to provide the fundamentals for a further technical decision, more appropriate for each case individually.
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The Silicon and Ferrosilicon industry has faced several technology developments in recent years. During the decades of the 1980s and 1990s, these development where more focused in operations efficiency increase. In the past years, mostly in Silicon industry, due to the high competitiveness that Chinese operators brought to the market (in terms of volume and prices specifically), the “Silicon western world”, pushed by high electricity prices and as raw material market prices increasing, focus in accelerate the processes efficiencies towards a strong cost reduction strategy. This article describes the Diagnostics of Operational Excellence developed by the authors in Silicon and Ferrosilicon operations focused on the main pillars: Technology (electrode technology, homogeneity of the charge, equipment conditions and construction parameter evaluation), Process control and Procedures (operational process control that allows operations staff react quickly enough to avoid big losses or process unbalancing), Raw Material characteristics (physical and chemical analysis and usage), prospects for new projects for silicon worldwide are very positive. The demand for the next decade is expected to be at a high level of single digit growth and the need for new capacity will be fuelled by reduced supply from countries such as Brazil and South Africa, which are facing internal issues related to electricity supply. At the same time, some countries in the Middle East are looking forward to diversify their economies, from almost solely oil and gas production, into other areas such as ferroalloy production. In this environment, Quality, Health, Safety and Environmental (how efficient are the process in terms of injury rates, assertiveness in quality, operation health care and emissions control) and finally the Results achieved for that operation, in a worldwide Benchmark scenario. This article brings some case study results in 3 plants (2 of Silicon and 1 Ferrosilicon) that explain in deep detail the methodology and shows some sustainable results impacting positively the company performance.
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The prospects for new projects for silicon worldwide are very positive. The demand for the next decade is expected to be at a high level of single digit growth and the need for new capacity will be fuelled by reduced supply from countries such as Brazil and South Africa, which are facing internal issues related to electricity supply. At the same time, some countries in the Middle East are looking forward to diversify their economies, from almost solely oil and gas production, into other areas such as ferroalloy production. In this environment, there are many projects under consideration and in the feasibility studies a range of options, such as venture capital and equity offerings, are being considered to raise the capital for these projects. At this point, there are a range of existing producers along with new entrants to the industry evaluating or proceeding with new projects. The major oil & gas companies from the Gulf region also have a major interest in diversifying their portfolios and are looking for this kind of investment opportunity. This paper will look at different approaches to project planning, execution and control (particularly with respect to Greenfield projects) following PMBOK® references for both Turnkey and Package Based projects. The latter will be divided into 2 types of Package Based project. The present technical review will try to highlight the pros and cons of the different project management approaches and what implication the Front End Loading (FEL) methodology could have on the manner of project execution. A superficial comparison of estimated CAPEX also will be presented as a reference basis for the decision-making process for project execution.
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The world yearly production of Silicon and Ferrosilicon is estimated as 2.4 and 8.2 million of tons respectively. China is responsible for 55% (Si) and 66% (FeSi) of the world production. The total amount of Submerged Arc Furnaces that could be used to produce Silicon in different grades (metallurgical for Aluminium Industry, chemical for Polysilicon and Silicones Industries, mainly) are estimate in 295 furnaces divided between the main producers of Silicon product along Chinese country. Based on the updated marketing information, there are 64 of that Submerged Arc Furnaces in the Northeast china region, which around 13 SAF are in normal operation by the first quarter of 2016.

The Silicon and Ferrosilicon processes have some similarities in terms of equipment. Since the raw material handling system, the batching and feeding process, stocking process in the top of the furnace, the main smelting process, the tapping, refining and casting as well as the crushing, milling, grinding, screening and packaging process have different environmental emissions, qualitatively and quantitatively speaking.

The target of this technical article is to provide a review of the different techniques applied in the metallurgical industry towards reducing those environmental emissions, via efficiency increase or  new process and equipment implementation. Also to give a general ideal about return on investment for each separated system. The outcome of those optimization and assets improvement are the positive environmental profile plants increase that could be capitalized via the microsilica quality increase, the NOx and SOx and other gas emissions reduction and the increase of the overall plant efficiency.

Although there is an analogy of this article and the direction of the 13th Five Year Plan (2016-2020), the coverage of the initiatives mentioned are applicable in any Silicon/FeSi plant worldwide; including within the general context of the efficiency drive sustainable practices to all production process through an environmental management system.
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The metal producing industry is a high consumer of energy, and large amounts of excess heat are produced.  Increasing the energy efficiency would be beneficial, both in terms of the environment and also from an economical point of view.  In order to do this, it is crucial to know how the energy is distributed throughout the process operation.

Energy analyses were used to discuss the production of high- carbon ferromanganese(HC FeMn) and silicomanganese (SiMn).  The focus was on how the energy consumption varies with the degree of prereduction and oxygen level of manganese ore and how this in turn affects the coke consumption.  Further, exergy analyses were executed to determine the irretrievable losses during production and to evaluate the potential sources of energy recovery.  The exergy results were evaluated for the same parameters as the energy analysis.  Lastly, the two different analysis methods were compared to determine  whether exergy analyses provide a better understanding of the energy dissipation and recovery potentials during the production process of HC-FeMn and SiMn.
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Knowledge of the electrode length, and thus the location of the tip of an electrode, is crucial to the efficient operation of ferro-alloy furnaces.  Currently, operators use a variety of methods to estimate electrode length, including visual assessment and electrode consumption calculations, all with limited success.  Until recently, no continuous and accurate electrode length, or tip position, measurement method has been developed for commercial use.  To solve this problem, Hatch developed an electrode length measurement system, “ElectroDAR”, using the propagation of electromagnetic waves through a small, multi-phase waveguide in the electrode.  ElectroDAR is capable of taking accurate measurements of the electrode length and tip position continuously during operation. 

In this paper, we first review and discuss the available systems and methodologies to determine electrode length and tip position in electric furnaces.  Later, we introduce our new newly developed electric furnace length measurement system, ElectroDar, and describe the related research conducted by Hatch.
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Dust and particulates are unavoidable and unwelcome by-products of the production of stainless steel and ferro-alloys. These materials represent a loss of yield and since they are often classified as hazardous wastes, substantial costs can be associated with their disposal, storage or re-processing.

Linde Gas and MORE S.r.l. have combined their knowledge of gas applications and steelmaking equipment with Outokumpu’s operational expertise to develop a new top-lance technology that enables direct recycle of such materials to oxygen blown converters. Continuous injection improves metallurgical control and facilitates increased productivity whilst avoiding the costs of disposal or external processing of troublesome wastes. The technology has been shown to be highly robust and the lance design minimises the need to adjust conventional operating practices. This paper describes some of the design and operational features of the new technology.
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This paper looks at European strategies for a circular economy and a zero-waste approach.  Advantages of using EAF/SAF technology for recycling purposes are

also covered.  Examples of EAF-based production of iron-based alloys leaning towards ferro-alloy production include FeMn40 (Batrec), FeSi20 (Conti arc), Fe90 (Redmud), Fe90 (Bottom ash), and SAF treatment of Zn-containing flue dust for pig

iron production and Zn recovery.  An outlook to new EAF centres in Europe

centralising waste treatment/blending is provided.
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