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Abstract 

One aspect of an efficient process and product optimization of the liquid steelmaking process is 
the understanding of reactions and interactions between the components steel, slag and non-
metallic inclusions. The present paper focuses on a fundamental study of this topic by combining 
the powerful methods of thermodynamic modeling with systematic experiments on a laboratory 
scale and subsequent SEM/EDS analyses. The modeling aspect is addressed by the commercial 
software FactSage 6.1; laboratory experiments are performed for a low-alloyed, Ca-treated 
carbon steel combined with varying slag compositions. The consequent SEM/EDS analyses 
provide a detailed insight into the inclusion landscape which offers a strong tool for 
characterizing the modification of inclusions. In the present study the combination of these 
methods is mainly applied to oxides, due to their crucial influence on the final product quality, 
thus giving important indications for further optimizing the secondary metallurgy processes. 

Introduction 

In recent years, the range of application for steels has been enlarged continuously; also resulting 
in extreme surrounding conditions combined with considerable stresses for the material. This 
trend is directly linked with higher demands on the properties of steels. In order to optimize the 
final product quality, the cleanness of steels is an important criterion. For this reason, the broad 
topic “Steel Cleanness” has become one of the main research points at the Chair of Metallurgy. 
Next to the continuous optimization of methods for the characterization of cleanness, the primary 
aim is to combine thermodynamic modeling and laboratory experiments in order to describe the 
changes in inclusion landscape under different conditions.  

The steel cleanness can particularly be influenced in the processes of secondary metallurgy. In 
different processes the reactions and interactions between the components steel, slag and non-
metallic inclusions (NMI) are essential for the final inclusion landscape. Consequently, the 
understanding of the occurring reactions is a fundamental aspect for further development and 
process optimization. In secondary metallurgy especially oxide-slag systems consisting of the 
components CaO-Al2O3-MgO-SiO2, which significantly influence the modification of NMI, are 
of importance. Several works dealing with the interactions of oxide non-metallic inclusions with 
different slag systems have been published in the last years [1-4]. In order to observe the 
dissolution of oxides in different slag compositions a Laser Scanning Electron Microscope is fre-
quently used. A very detailed study on the ternary system Al2O3-CaO-MgO and its subsystems 
was also done by De Aza et al. [5, 6].  
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Within the present work, the interactions between the components steel, slag and NMI are 
considered from a thermodynamic and experimental viewpoint. For the thermodynamic calcu-
lations the commercial software FactSage  6.1 is used. The basic approach is the combination of 
thermodynamic calculations with experiments on laboratory scale followed by automated 
SEM/EDS analyses. The experimental results with respect to the changes of oxide inclusions 
within the system CaO-Al2O3-MgO due to remelting under three different slag compositions are 
shown and compared to the calculations.  

Methods 

Thermodynamic Modeling

The different reactions between steel, slag and NMI under equilibrium conditions were 
calculated with the “Equilib” tool of FactSage 6.1 using the databases FToxid and FSstel. In a 
first step, equilibrium calculations of the single components steel, slag and NMI were performed 
with varying temperature conditions. In a second step, non-metallic inclusions were combined 
with a steel or slag phase in order to get an impression of their influence on the modification of 
the NMI. Finally, all components were put together to a complex system as illustrated in Figure 
1. As a result a thermodynamic description of the system steel-slag-inclusion for the defined 
conditions was gained. The calculations done in the present work refer to state 3, always 
combining 100 g steel with 10 g slag. In the diagrams all components have been normalized.

Figure 1. Schematic illustration of the components steel, slag and non-metallic inclusion and 
possible interactions. 

In the present case, a low-alloyed, Ca-treated carbon steel was used for the calculations as well 
as in the experimental part. This steel was melted in a 20 kg induction furnace; its composition is 
shown in Table I. Table II summarizes the three different slag compositions which were applied. 

To determine the melting ranges of the mentioned slag compositions, the liquid surface pro-
jection of the system CaO-Al2O3-MgO was calculated as a function of temperature using the 
“Phase Diagram” module of FactSage 6.1. In Figure 2 two different states are shown for each 
slag variation: 

1. Basic composition of the three slags at room temperature (see also Table I) 
2. Composition of the three slags at 1600 °C.  
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Table I. Steel composition used for thermodynamic modeling and laboratory experiments.  
wt.-% C wt.-% Mn wt.-% Si wt.-% Al wt.-% O 

0.16 0.57 0.83 0.021 0.011 

Table II. Slag compositions used for thermodynamic modeling and laboratory experiments.  
wt.-% CaO wt.-% Al2O3 wt.-% MgO 

Slag 1 50 50 - 
Slag 2 20 65 15 
Slag 3 33 34 33 

It can be seen that in contrast to slag 1, which is part of the binary system CaO-Al2O3, slag 2 is 
saturated with MgO.Al2O3 and slag 3 is saturated with MgO. Furthermore, it must be mentioned 
that the influence of the crucible was only calculated for the case without slag addition. In the 
calculations with the three different slags, the crucible was not considered. 

Figure 2. Projection of the liquid slag phase of the system CaO-Al2O3-MgO as a function of 
temperature.  

Experiments on Laboratory Scale

In order to validate the calculated results, experiments were performed on a laboratory scale. A 
low-alloyed, Ca-treated carbon steel was melted in a 20 kg induction furnace (see Table I). The 
melt was fully deoxidized with Al, a CaFe-wire was used for Ca-treatment, no slag was added 
during melting. These experimental conditions were chosen consciously, resulting in a relatively 
high oxygen content compared to industrial processes and therefore a high number of NMI. 
Samples out of this basic alloy were remelted in a Tammann furnace with additions of different 
slags. The schematic experimental setup as well as the furnace itself is shown in Figure 3. The 
Tammann furnace is a high-temperature electric resistance furnace, which can be heated up to 
2000 °C. Due to the carbon heating tubes inside the furnace and their reaction with the residual 
oxygen, the final oxygen content in the furnace vessel is extremely low (0.001 ppm). All 
experiments were carried out in an Al2O3 crucible under Ar-atmosphere (Argon 5.0), using a 
sample weight of 300 g steel. The samples were heated up to 1600 °C; this temperature was held 
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for 10 min. In a first phase, the experiment was carried out without slag addition to study the 
influence of the crucible on the modification of the NMI. In the second phase, the described slags 
were added to the crucible covering the whole steel bath surface (the slag mass equals appr. 5 % 
of the steel mass). For every slag, three experiments were performed under the same conditions. 
After the experiments the steel samples were prepared metallographically and investigated by 
automated SEM/EDS analyses for the characterization of non-metallic inclusions. The detailed 
test sequence is shown in Figure 4. Although the possible reaction time in the experiments is 
comparatively long, only conditions near the equilibrium are obtained. Furthermore, the 
separation of NMI, and other kinetic aspects – which are not considered in the calculations – 
influence the resulting inclusion landscape.

   
a)       b)  

Figure 3. a) Schematic illustration and b) photograph of the Tammann furnace used for 
laboratory experiments.  

Figure 4. Schematic test sequence.  

Metallographic Analyses

For the characterization of non-metallic inclusions by SEM/EDS analysis a polished metallo-
graphic specimen is required. Non-metallic inclusions are detected due to material contrast 
differences in the backscattered electron (BSE) image. The output of automated SEM/EDS 
analyses regarding the properties of non-metallic inclusions consists of morphological data of 
every detected particle as well as its chemical composition and the corresponding EDS spectrum. 
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In addition, in order to get an impression of the sample homogeneity, the distribution of the non-
metallic inclusions over the whole sample area is registered. Thus, the possibility of rapidly 
relocating any particle can be assured, which is a very useful tool in order to manually verify 
untypical particles after the automated measurement. In general, all inclusion types can be 
detected simultaneously during the measurement. For the present investigation, a Scanning 
Electron Microscope manufactured by Fei (Quanta 200 MK2) is used in combination with an 
EDS system of Oxford Instruments (INCA). In the present study only oxide inclusions 
(tolerating 2 wt.-% of sulfur at most) are considered in the evaluation. SEM-images giving an 
overview on detected oxide particles are shown in Figure 5. 

Figure 5. SEM-images of detected oxide non-metallic inclusions – containing Al and Ca – on the 
analyzed sample area (basic material). 

Results and Discussion 

The results of the thermodynamic calculations are summarized in Figure 6. The steel and the 
liquid slag phase as well as the solid oxide components are shown as a function of temperature. 
On the one hand it is obvious that – as shown in Figure 6a – the contact of the steel with the 
crucible has a significant influence on the resulting inclusion landscape. A considerable amount 
of Al2O3 inclusions is observed. Regarding the three cases with the addition of different slags, 
also substantial changes of the non-metallic inclusions’ composition are found. While in the case 
of slag 1 (Figure 6b) mainly CA and C3A are present, for slag 2 and slag 3 multiple solid oxide 
phases are observed. The calculation with slag 2 leads to a significant amount of MgO.Al2O3 in 
the results, which is most likely caused by the presence of this solid phase also at 1600 °C. The 
same is observed for slag 3, where a nearly constant MgO (s) fraction is found over varying 
temperature. It seems that these phases – solid at 1600 °C – cannot take part at any reaction in 
the thermodynamic modeling and therefore remain constant. 

The results of the automated SEM/EDS analyses are displayed in Figure 7 and 8. The position of 
the detected oxides in the ternary system CaO-Al2O3-MgO is shown in each case. The initial 
state of the inclusion landscape, meaning the state before remelting is shown in Figure 7a. 
Evidently, nearly all oxides are part of the two phase system CaO-Al2O3, mainly located at the 
Al2O3 rich side. 
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Figure 6. Results of thermodynamic calculations for the different cases. 

As displayed in Figure 7b, the remelting of the basic material in the Al2O3 crucible leads to a 
remarkable displacement of the inclusion towards the Al2O3 corner. Regarding the results of the 
experiments with further slag addition (Figure 8), very interesting changes can be observed. 
While slag 1 does not change the initial state significantly (apart from a slight drift to higher 
Al2O3 contents, which can be attributed to the influence of the crucible), slags 2 and 3 have a 
higher impact on the resulting inclusion landscape. It must be added that not only the 
composition of NMI is changed through remelting, but also a significant decrease of the overall 
number of NMI can be observed.  

Due to the high content of Al2O3 in slag 2, the inclusions remarkably move towards the Al2O3
corner and are finally situated between CA2 and CA6. In contrast to the calculated results, no 
MgO.Al2O3 are detected in the metallographic analyses. As already mentioned, in this case the 
calculated solid MgO.Al2O3 are part of the slag phase. This can well be explained by the fact that 
solid particles in the slag which covering the steel, will hardly interact with the steel owing to the 
lower density of the steel.  

Figure 8c shows the experimental results for slag 3: compared to all other experiments and also 
in contrast to the calculated results, a significant amount of MgO is present in the inclusions. 
This inclusion type was found in all experiments using slag 3. A possible explanation may be the 
reaction of the solved MgO in the slag with the crucible and/or with the steel respectively the 
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NMI. Pertaining to Figure 2, it can be seen that the content of solved MgO in the slag at 1600 °C 
is higher for slag 3 than for slag 2 (9.7 vs. 7.5 % solved MgO, respectively). Obviously this 
slight difference already influences the formation of MgO.Al2O3 according to the above stated 
mechanism. In addition, comparing the activities of the slag components at 1600 °C (see Table 
III), it is obvious that in case of slag 2 the a(Al2O3) is by far the highest, whereas a(MgO) 1 in 
slag 3, which also gives an indication for the resulting inclusion landscape. To explain the 
discrepancy between the calculated results and the experimental analyses further investigations 
are required.   

Table III. Activities of the slag components calculated with FactSage 6.1. Reference states are 
pure solid Al2O3, pure solid MgO and pure solid CaO.  

a(CaO) a(Al2O3) a(MgO) 
Slag 1 0.137 0.218 0.000 
Slag 2 0.020 0.880 0.058 
Slag 3 0.204 0.069 0.995 

Figure 7. Experimental results of the automated SEM/EDS analyses of a) the initial state in the 
basic material and b) the remelted alloy without slag addition.  

Figure 8. Experimental results of the automated SEM/EDS analyses for the remelted alloy with 
slag addition: a) slag 1, b) slag 2 and c) slag 3. 

Figure 9 shows the modification ratio CaO/Al2O3 of the different experimental cases in terms of 
a scatter band of mean±standard deviation. The figure summarizes the observations made above: 
Starting from a relatively broad scatter band in the initial state, remelting with slag 1 does not 
significantly modify the inclusion landscape (apart from the influence of the crucible). 
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Conversely, remelting with slags 2 and 3 creates inclusions with more Al2O3 content; with slag 2 
having the greatest influence. 

Figure 9. Comparison of modification ratio between the different experimental cases. 

Summary and Conclusion 

The present paper outlined the comparison of thermodynamic modeling and experimental 
simulation with subsequent metallographic analysis of the interactions between steel and slag 
regarding the formation and modification of non-metallic inclusions. Several combinations 
showed a high degree of conformity between the predictions made by the thermodynamic 
software FactSage 6.1; on one case a discrepancy was observed which requires further 
investigation of the occurring mechanisms. Nonetheless, the combination of the methods is 
highly interesting and yields feasible indications for further process investigations, although not 
all influences of the experiment can be simulated theoretically. While the present paper only 
focused on the chemical modification of inclusions, current research activities are also 
concentrating on the changes in inclusion sizes which is highly important in the processes of 
secondary metallurgy. 

References 

1. B.J. Monaghan and L.Chen, “Effect of changing slag composition on spinel inclusion 
dissolution”, Ironmaking and Steelmaking, 33 (4) (2006), 323-330.  

2. B.J. Monaghan, L.Chen and J. Sorbe, “Comparative study of oxide inclusion dissolution 
in CaO-SiO2-Al2O3 slag”, Ironmaking and Steelmaking, 32 (3) (2005), 258-264.  

3. M. Valdez et al., “Dissolution of Inclusions in Steelmaking Slags”, ISSTech 2003 
Conference Proceedings, 789-798.  

4. K.W. Yi et al., “Determination of dissolution time of Al2O3 and MgO inclusions in 
synthetic Al2O3-CaO-MgO slags”, Scandinavian Journal of Metallurgy, 32 (2003), 177-
184.  

5. A.H. De Aza, P. Pena and S. De Aza: “Ternary System Al2O3-MgO-CaO: I, Primary 
Phase Field of Crystallization of Spinel in the Subsystem MgAl2O4-CaAl4O7-CaO-MgO”, 
Journal of the American Ceramic Society, 82 (8) (1999), 2193-2203.  

6. A.H. De Aza, P. Pena and S. De Aza: “Ternary System Al2O3-MgO-CaO: Part II, Phase 
Relationship in the Subsystem Al2O3-MgAl2O4-CaAl4O7”, Journal of the American 
Ceramic Society, 83 (4) (2000), 919-927.  

730


	Welcome
	TMS Proceedings 2011
	Book Listing
	Symposia Listing
	Links to Symposia Published Elsewhere
	About TMS
	Final Program and Exhibit Directory
	Help
	Print
	Search
	Exit
	---------------------
	Title Page
	ISBN/Copyright Information
	EPD Council
	EPD Honors and Awards 2011
	Table of Contents
	Characterization of Minerals, Metals and Materials
	Organizers
	Foreword
	Editors
	Characterization Methods and Synthesis Techniques
	Session Chairs
	Design and Implementation of Low Cost Measurement System for Determination of Thermal Conductivity Coefficient
	Material Performance of TBCs at High Temperature in Moisture-Containing Environments Using a Load-Based Micro-indentation Technique
	Digital Construction and Characterization of Reticulated Porous Microstructures from Sacrificial Templates
	Selective Removal of Thiophene from Liquid Fuels over Nickel-Based Nanocrystalline Zinc Oxide

	Mineral Processing and Analysis
	Session Chairs
	A Study on a Greensand Slate from Abaeté as a Source of Potassium: Thermal Treatment on Different Temperatures and Extraction on Acidic Media
	Application of High-power Nanosecond Pulses to Flotation Separation of Sulfide Minerals
	Sulfur Deposition Impact on Surface Morphology of Fly Ash-Based Adsorbent for Mercury Removal
	Sulfur Contents on the Distribution Characteristics of Mercury in Coals
	Characterization of Burrows from Mining District of Pachuca - Real Del Monte, in Hidalgo State and Viability Study to Use These Residues as Alternate Industrial Material
	Technological Characterization of Phonolite Rock to be Applied as Source of Nutrients to the Brazilian Agriculture
	Study on Thermal Stabilities of 2-Substituted Benzimidazoles Copper and Zinc Complex
	Investigation on Extracting Boric Acid from Saline Brine by Boron Specific Chelating Resin
	Low Temperature Carbothermic Reduction of Panzhihua Low Grade Ilmenite after Ball Milling

	Characterization of Steel and Cast Iron
	Session Chairs
	Effect of Initial Structure on Grain Refinement of Medium Carbon Steel Processed by ECAP
	Effect of Test Temperature and Prior Straining on the Deformation Mode of Austenitic Stainless Steel during Tensile Testing
	Evaluation of Aging Embrittlement of Austenitic Stainless Steels JN1, JJ1 and JK2 by Cryogenic Small-Punch Testing
	Investigations on the Cyclic Crack Growth Behaviour of Spring Steel Wire Reinforced EN AW-6082
	Effect of Cr Content on Corrosion Resistance of Experimental Fe-Cr Alloys under SCW Condition
	Internal Friction and Three Dimensional Atom Probe Analysis of Bake Hardening Phenomenon in Ultra-Low Carbon Bake Hardening Steel

	Characterization of Non-Ferrous Alloys
	Session Chairs
	Characterization of the Manganese Oxide Scales Formed on a Grooved Cast Pb-Ag Anode from a Zinc Electrowinning Operation
	Thermophysical Properties of Platinum-Copper System
	Processing and Characterization of Ultra-Fine Grain Structure in Al Alloy by Equal Channel Angular Pressing

	Structural Characterization
	Session Chairs
	Segmentation of Three-Dimensional EBSD Data through Fast Multiscale Clustering
	Microwave Sintering of CaO Stabilized Nature Baddeleyite

	Nanomaterials, Nanotechniques and Thin Films
	Session Chairs
	Microstructural Characterization of Nanomaterials Produced from Co-Products of the Ethanol Production (DDGS)
	Photoluminescence of the Interface of SnO2:F/CdS:In/CdTe Thin Film Solar Cells Prepared Partially by the Spray Pyrolysis Technique
	Particle Size Analysis of Metallic Nanoparticles Using Ultra-High Resolution Mass Sensors
	Production of CdS1-xTex Thin Films and Bandgap Investigation of the Produced Solid Solution
	An Investigation of the Photoluminescence and Transmittance of CdS1-xTex Thin Films
	Measuring the Elastic Modulus of Polymers by Nanoindentation with an Atomic Force Microscope
	Microstructural Analysis of Nanomaterials Synthesized from Unserviceable Tires
	Effects of Heat Treatment Schedule on the Crystallization Behavior and Thermal Expansion of a LiS2 Based Glass-Ceramic
	Characterization of Nanocrystalline Silver Fabricated by Warm-Vacuum-Compaction Method

	Characterization of Polymers, Composites and Natural Materials
	Session Chairs
	Characterization of Tensile Properties of Piassava Fiber Reinforced Polyester Composites
	Characterization of Tensile Tested Continuous Bamboo Stripped Fiber Reinforced Epoxy Composites
	Characterization of Thermal Behavior of Polyester Composites Reinforced with Curaua Fibers by Differential Scanning Calorimetry
	Characterization of Thermogravimetric Behavior of Polyester Composites Reinforced with Coir Fiber
	Flexural Mechanical Characterization of Polyester Composites Reinforced with Continuous Buriti Petiole Fibers
	Rheological and Dynamic Strain Rate Studies of Wax-Coated Granular Composites Used in Sports Surfaces
	Characterization of Plastic Materials Used by Automotive Industry (Impact-Stress)
	Dynamic-Mechanical Characterization of Polyester Matrix Composites Reinforced with Banana Fibers
	Characterization of Thermal Properties of Curaua Fibers by Photothermal and Photoacoustic Techniques
	Photoacoustic Thermal Characterization of a Natural Biofoam Extracted from the Buriti Palm Tree
	Pullout Test of Jute Fiber to Evaluate the Interface Shear Stress in Polyester Composites
	Thermal Analysis Characterization of Ramie Fibers with Different Diameters

	Poster Session
	Session Chairs
	Tensile Behavior of Epoxy Composites Reinforced with Continuous and Thinner Ramie Fibers
	Pullout Tests of Sisal Fibers in Epoxy Matrix for Characterization of Interfacial Shear Stress
	Preparation of SCR Catalyst Carrier by APCVD and Sol-gel Technologies


	Chloride 2011: Practice and Theory of Chloride-Based Metallurgy
	Organizers
	Editors
	Hydrometallurgy
	Session Chairs
	Hydrometallurgy of Chlorides: A Review of Recent Developments
	Development of a Novel High-Chloride Circuit for the Starfield Resources' Ferguson Lake Project
	Synthesis of TiO2 by an Innovative Atmospheric Mixed Chloride Leach Process
	Integrated Plant to Recover Zinc, Lead and Silver from Crude Zinc Oxides Applying ZINCEX and PLINT Technologies
	N,N´-Tetrasubstituted Malonamide Derivatives and Hydrochloric Acid Solutions: An Interfacial Study
	Recovery of Precious Metals from Base Metal Sulfide Ores by a Hydrometallurgical Process
	Recovery of Precious Metals from Chloride Media Using Microalgae Waste from Biofuel Extraction

	Pyrometallurgy and Acid Regeneration
	Session Chairs
	Chloride Metallurgy: Process Technology Development
	Purification of Titanium Tetrachloride: A History
	Zirconium Chlorination Behavior: A Literature Review
	HCl Leaching and Acid Regeneration Using MgCl2 Brines and Molten Salt Hydrates
	Precipitation of Hematite and Recovery of Hydrochloric Acid from Concentrated Iron Chloride Solutions by a Novel Hydrolytic Decomposition Process
	Application of Oxygen Enrichment for the Pyrohydrolysis of Metal Chlorides
	Segregation Roasting of a Saprolitic Laterite Ore: An Experimental Investigation
	Mechanism of Selective Chlorination of Reduced Limonitic Nickel Laterite Using a Solid Chloride Agent

	Molten Salts, Magnesium and Aluminum
	Session Chairs
	Evaluation of 2.25Cr-1Mo Alloy for Containment of LiCl/KCl Eutectic during the Treatment of Used Nuclear Fuel
	Numerical and Experimental Study of Fluid Flow during Electrolytic Process for Magnesium Production
	Magnesium Removal from Secondary Aluminum Melts in Reverberatory and Rotary Furnaces
	Rapid Removal of Chlorine in Molten Salt Electrolysis of Magnesium Chloride
	The Dissolution Behavior of TiCxO1-x Solid Solutions in Chloride Melt
	Study on Mechanism of Aluminum Production by Alumina Carbothermic Reduction-chlorination Process in Vacuum
	Electrochemical Removal of Impurity Mg from LiCl-KCl Melts
	Direct Synthesis of Niobium Aluminides Powders by Sodiothermic Reduction in Molten Salts


	Materials Processing Fundamentals
	Organizers
	Foreword
	Editors
	Solidification, Deformation, and Heat Treatment
	Session Chair
	The Influence of Solidification Rates on Hot Workability and Mechanical Properties of AM60 Magnesium Alloy
	On the Homogenization of Cobalt Modified 17-4 PH Stainless Steel
	Investigation of the Effects of Solidification Rate and Melt Hydrogen Concentration on Porosity Formation in Aluminum Alloy 2024
	Characterization of the Microstructure of Commercial-Size Ingots of Aluminum Alloy 3004
	Expansion and Collapse of Liquid Aluminum Foams
	Review of Classical Design Methods as Applied to Aluminium Billet Heating with Induction Coils
	Interactions of Non-Metallic Inclusions with Steel and Slag: Thermodynamic Modeling, Experiments and Metallographic Analyses
	Liquid Metal Flows Under Non-Homogeneous Magnetic Field: Lorentz Force Flowmeters in Metallurgy
	Research on the Combination of Microwave and Heat Pump Drying of Silica Sand

	Process Modeling
	Session Chair
	Simulation of Macrosegregation Due to Melt Convection and Grain Sedimentation in Steel Ingots Using a Mixture Model
	Effect of Casting Speed on Temperature Difference between Copper Plate and Solidifying Shell in Meniscus of Slab Continuous Casting Mold
	Numerical Simulation of Decarburization Reaction on the Surface of Liquid Iron
	3D Simulation of the Melting during an Electro-Slag Remelting Process
	An Analysis of Electromagnetic Field and Joule Heating of Electroslag Remelting Processes with Two Series-Connected Electrodes
	Modeling of Copper Converter Foamover and Operational Improvements

	Powders and Composites
	Session Chair
	Exploratory Research in Reactive Spark Plasma Extrusion
	Preliminary Investigations of the Effect of Particle Size and Tip Size in the Current Activated Tip-Based Sintering (CATS) of Nickel Powder Compacts
	Exploratory Investigations in Reactive Current Activated Tip-Based Sintering (CATS)
	Improvement on the Tribological Characteristics of Particulate Copper Silicon Carbide Composites

	Smelting, Refining, and Liquid Processing
	Session Chair
	Removal of Textile Dye Using Electrocoagulation
	Preparation and Properties of CuInS2 Thin Films by Electrodeposition and Sulfurization
	Effect of Technological Conditions on Enrichment of Phosphorus during Melting Adjustment Process of Converter Slag
	Experimental Study on the Production of Nitrogen-Bearing Stainless Steel by Injecting Nitrogen Gas
	A New Method of Synthesis of Rod-Like Fe3O4 Particle
	Direct Observation of Al Drop and Gas Bubbles in the Anode-Cathode Space during Aluminum Electrolysis
	Extracting Al2O3 from Coal Gangue by Carbonthermal Reduction - Alkaline Leaching Process
	ESP Dust Recovery Process Test Works, Plant Trial, Commissioning, Operations and Metallurgical Performance

	Posters - Materials Processing Fundamentals
	Posters
	Surface Treatment of Aluminum Alloys by Atmospheric Plasma Arc Discharge
	Preparation and Characterization of Porous Ni-Ti Alloys
	Ultrasound-Assisted Electrolysis in NaOH Solution for Hydrogen Generation


	Recycling General Session
	Organizer
	Metals
	Session Chair
	Recycling and Material Price: An Exploration of the Effects of Secondary Substitutability on Price Stability
	Increased Recycled Aluminum Content during Remelting by Incorporating Compositional Uncertainty
	On In-Process Separation of Zinc from EAF Dust
	The Removal of Nickel from Leachate of Galvanic Sludge with Titanium Dioxide
	Recycling of High Quality Steel Scraps Directly in Electroslag Remelting Process (ESR)
	Recycling of Wastes Generated during the Steelmaking Process
	Differential Removal of Copper and Iron from Acidic Polymetallic Aqueous Solutions
	Research on Effect of Recombination Action of Rare Earth Metals La,Ce and Y on Soil Enzymatic Activities

	Waste Utilization
	Session Chair
	Designing a Collaborative System for Socio-Environmental Management of Industrial Waste
	Analysis and Control of Light Hydrocarbon Gases in the Pyrolysis/Combustion Process of Several Solid Wastes
	Reduction Properties of Iron Ore Composite Pellets Bearing Waste Plastics
	Recycling Charge and Subsidy for Waste Packaging Containers in Taiwan
	Treatment of Waste Leaching Liquor of a SHS Produced Tungsten Boride
	Study on the Treatment of Waste Water Containing High Concentration of Ammonia Nitrogen

	Building Materials
	Session Chair
	Production of Rock Wool from Ornamental Rock Wastes
	Recycling of Fluorescent Lamp Glass into Clayey Ceramic
	Clayey Ceramic Incorporated with Powder from the Sintering Plant of a Steel-Making Industry
	Recycling of Ornamental Rock Waste into Clayey Ceramics
	Use of Ash from the Incineration of Urban Garbage into Clayey Ceramic
	Influence of Fly Ash and Fluorgypsum on Hydration Heat and Compressive Strength of Cement
	Study on Solidification/Sintering Brick Making with EMD Residue



	Author Index
	Subject Index


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20110203142730
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     46
     207
     None
     Right
     7.2000
     0.0000
            
                
         Both
         2
         AllDoc
         15
              

       CurrentAVDoc
          

     Uniform
     24.4800
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     8
     7
     8
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     723
     TR
     1
     0
     77
     281
    
     0
     10.0000
            
                
         Both
         8
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     8
     7
     8
      

   1
  

 HistoryList_V1
 qi2base



	HEADER1: 


