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ABSTRACT 

Good pumpability of low water demand castables 
is a key technical challenge for high performance, 
high purity castables based on Tabular alumina and 
Spinel. Additions of microsilica to achieve the 
desired rheology for pumping at reasonable pressure 
in piston pumps used for pumpcasting and 
shotcreting is not an option since it would reduce the 
thermo-mechanical strength at high temperatures and 
reduce the corrosion resistance.  

The challenge was to develop alumina matrix 
concepts, which give castables a low dilatancy even 
under extreme shear conditions as exists in double 
piston pumps. The products E-SY 1000 and 2000 are 
solutions to this challenge. Trials have proven that 
Tabular alumina castables using E-SY 1000 and E-
SY 2000 as matrix aluminas fulfill the rheological 
requirements of these pumps. 

The difference between E-SY 1000 and E-SY 2000 
is their chemical composition.  E-SY 1000 contains 
only alumina components and E-SY 2000 contains 
alumina and alumina-rich Spinel. It is well known in 
the industry that the addition of fine alumina-rich 
AR78 Spinel to castables will significantly increase 
both slag resistance and hot strength. E-SY 2000 
combines superior pumpability with the advantages 
of alumina-rich Spinel. The use of E-SY 2000 will be 
of high interest, for example, in steel ladle 
applications. 

The paper will discuss the properties and 
application results of the new aluminas based on 
laboratory tests and field trials. 
 
INTRODUCTION 

Synthetic alumina based raw materials are 
increasingly being used in a wide range of industries 
such as refractories, ceramics, and polishing. There is 
a trend in refractory industries towards monolithic 
linings to replace bricks. Common technologies 
pumping refractory castables during installation are 
different in Europe and North America. In Europe, 
mixer-pumps often are used, which pump castables 
after batch mixing by pressurized air through a hose. 
This technology is not very demanding regarding the 

castable rheology and either vibration or self-flowing 
castables can be used. In North America castables are 
also batch mixed. However, pumping is often done 
with double piston pumps, which create high shear 
rates within the castable. Due to the high shear rates, 
castables with very low dilatancy are required which 
demands special attention to the castable composition 
and rheology. Pumpability of castables is a must for 
shotcreting installation, but lower dilatancy is 
generally an advantage for easier installation. The 
pumpability over long distances, even with small low-
power mortar pumps, is of interest e.g. for low volume 
repairs. In addition to pumping, low dilatant castables 
have advantages also in other applications, such as 
self-flowing installation.  

The castable rheology is mainly defined by the 
matrix composition below 100 µm, and particularly 
below 45 µm, e.g. self-flowing castables require a 
higher amount of fines than vibration castables1,2. It is 
difficult to achieve pumpability of high purity Tabular 
and Spinel castables since very low dilatancy is 
required. Initial formulations used silica fume as 
superfine matrix components but refractoriness and 
thermo-mechanical stability decrease and therefore 
this limits the use in high performance applications3.

WHAT MAKES A PUMPABLE MIX? 
A high quality castable formulation is principally 

set up by a coarse and fine fraction1. The coarse 
fraction, which contains aggregates such as tabular 
alumina or magnesia alumina spinel is typically 
defined as the part of the formulation above 45 µm up 
to 6-10 mm comprising about 65-75 wt.-% of the total 
formulation. Since aggregates are rigid components, 
the flow behaviour of a castable is mainly influenced 
by viscous deformation during the flow process. The 
quantity of matrix fines, defined as the fraction below 
45 µm, must be high enough to prevent collision of 
coarse aggregates during flow. They have an 
important influence on the rheology, workability and 
strength development of the final product. Lab results 
show that vibration castables require approx. 25% 
matrix fines compared to more than 30% for self-flow 
castables.  



As a first approach, self-flow castables were used 
for pumping trials. However, the experience was that 
their rheology was too dilatant and that they could not 
be pumped at all. Detailed lab investigations showed 
that neither vibration nor self-flow castables had a 
rheology to achieve steadily also pumpable properties. 
The dilatancy of a castable has to be low enough to 
achieve pumpability, however, there is no direct link 
between flow behaviour and dilatancy.  

This observation is also confirmed in the 
literature4,5. The theory that low mixing energy is 
required for pumping was tested with a special 
rheometer6. Pumping conditions were simulated by a 
special lid in the rheometer, which leads to volume 
restriction similar to pumping. Pileggi showed that 
self-flow is not the criteria to judge the pumpability of 
a castable. In contrary to the expectation, castables 
mentioned as ‘easy mixing castables’ showed self-
flow or vibration rheology. Low mixing energy and 
torque values at high shear rates under volume 
restriction have to be achieved to ensure pumpability 
of a castable composition.  

Based on the experience gathered by extended lab 
trials, the E-SY series has been developed as a 
solution to provide low dilatancy for high purity 
(silica free) Tabular and Spinel mixes. It is composed 
in such a way that addition of 20-30 % of E-SY to the 
formulation leads to pumping rheology of a castable.  

As a qualitative evaluation of the pumpability of a 
mix, the so-called ball drop test has been developed. 
In the drop test, a steel ball (110 g, 30 mm diameter) 
falls from one meter above the mix surface into the 
mix and the time required from surface contact to 
complete submersion of the ball is measured. The 
measurement must be conducted in a vessel with a 
depth not less than three times greater than the steel 
sphere diameter. The result is given as time in seconds 
for complete submersion of the ball. By experience, a 
castable with a ball drop time of less than 3 seconds is 
considered to be suitable for pumping. 

CHARACTERISTICS OF E-SY ALUMINAS 
Two different E-SY products are available, which 

differ in mineralogical composition. E-SY 1000 is 
pure alumina based, whereas E-SY 2000 contains 
alumina and alumina rich spinel. Both are bimodal 
reactive aluminas, with typical d50 and BET of 
1.9 µm and 3.3 m²/g (E-SY 1000) and 1.9 µm and 
3.5 m²/g (E-SY 2000). Chemical and physical 
properties are summarized in Table I, a typical 
Particle Size Distribution (PSD) of E-SY 2000 is 
shown in Figure 1 and of E-SY 1000 in Figure 2.

Table I: Typical data of E-SY 1000 and E-SY 2000 

 
Figure 1: E-SY 2000    

 
Figure 2: E-SY 1000 

 
E-SY ALMINAS are, like other multi-modal 

reactive aluminas, produced by co-grinding that gives 
higher homogeneity and improved rheological 
behaviour compared to single component 
formulations. The advantage of co-grinding can also 
be seen in the results of the ball drop test, where E-SY 
gives an immersion time of 1 second but blended 
single reactive aluminas of similar composition is 3 
seconds. 
 

Chemical Analyses E-SY 
1000 

E-SY 
2000 

Na2O % 0.3 0.1 
MgO  %  12.0 
SiO2 % 0.10 0.10 
Fe2O3 % 0.04 0.04 

Physical Properties 
BET m²/g 3.3 3.5 
Cilas D50 µm 1.9 1.9 
Cilas D90 µm 16 16 
Grain size distribution  Bimodal Bimodal 
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Table II: Composition & Properties of Pumpable 
Castables with Different Top-Cuts 

 
CASTABLE PROPERTIES WITH E-SY 2000 

Four low cement castables based on E-SY 2000 were 
developed for pumping trials in a low power mortar 
pump or a double piston pump. The low cement 
castables contain a range of coarse aggregate sizes (T-
60/T-64), and up to 27 % E-SY 2000 and dispersing 
additives (ADS 3, ADW 1). These castables are 
described in Table II.

Depending on the castable composition, low dilatancy 
is achieved with 5.6 to 7.0 % water, which is reflected in 
a ball drop of 1-2 seconds. From all castables flow 
properties were determined with a cone test (lower ∅
100 mm, upper ∅ 70 mm, height 80 mm). The castable 
setting time has been measured by the EXO method, 
recording the temperature development during setting. 
Test pieces have been prepared and tested according to 
the European standard ENV 1402 ”Unshaped refractory 
products”, Part 5 and Part 6. Hot properties (HMOR), 
density water absorption and open porosity were 
measured by DIFK, Bonn, Germany. Further details on 
sample preparation are described in a previous paper1.

For trials in a low power mortar pump, castables 
Top 2 LPP and Top 1 LPP were used. Top 2 LPP 
contains coarse aggregates up to 2 mm and has a low 
dilatancy with 20 % E-SY 2000 and 6.6 % water. The 
rheology of the castable with a top cut of 1 mm is 
similar when 25 % E-SY 2000 and 7 % water are used  

 

(TOP 1 LPP).  Both castables have a flow at 30 
minutes (F30) of >280 mm and a ball drop time of 1–
2 seconds. The EXO start was adjusted to 4 hours to 
avoid setting and clogging in the hose during the trials. 
However, the setting time can be adjusted by changing 
the ADS 3/ADW 1 ratio. Despite the relatively high 
water content of the castables, test pieces show 
technically sufficient strength in all temperature ranges, 
e.g. CCS >30 MPa (1000 °C) and >165 MPa (1500 °C) 
and HMOR at 1500 °C between 12 and 16 MPa.  The 
bulk density is around 3 g/cm³ and there is little 
shrinkage at 1500 °C (permanent linear change: 
max -0.33 %) 

 
PUMPING TRIALS - MORTAR PUMP 
Based on the lab results, both LPP castables were tested 
with a simple low power mortar pump (5 EVTM Pump, 
Putzmeister Mörtelmaschinen GmbH). Pump trials have 
been performed with 70 kg castable mix (coarse and fine 
Tabular sizes, Reactive Aluminas, Calcium Aluminate 
Cement, fibres, and Dispersing Aluminas). A mix of E-
SY 2000 and dispersing aluminas was filled into the 
mixer and homogenized with the whole calculated 
quantity of water for three minutes. Afterwards the 
tabular sizes and the cement where added, and mixing 
was continued for another six minutes. This procedure 
was required since the engine power of the mixer was  

Top 2 
LPP 

Top 1 
LPP 

Top 6 
DPP 

Top 2 
DPP Castable 

Components Low power pump Double piston pump 
Coarse Fraction 
(0.5-6mm) T-60/T-64 % 45 40 38 45 

Fine fraction 
(0-0.5 mm) T-60/T-64 % 30 30 30 25 

Reactive Alumina E-SY 2000 % 20 25 27 25 
Cement CA-270 % 5 5 5 5 

ADS 3  % 0.7 0.7 0.7 0.7 
Dispersing Aluminas 

ADW 1 % 0.5 0.5 0.5 0.5 
Organic fibres 17 DTEC % 0.1 0.1 0.1 0.1 
Water % 6.6 7.0 5.6 5.8 
Ball drop sec 1 2 2 1  

Low power pump Bar 2 2 -- -- 
Pressure max. 

Double pistol pump Bar -- -- 170 170 



initially not sufficient to homogenize the castable 
component in one step. Once the castables were  
homogenized, they could both be easily pumped 
through a hose with 50 mm diameter over a height of 
three meters. During pumping, the pressure never  
 
Table III: Characterisation of pumpable castables 

exceeded 2 bar. Due to the limited distance between  
the screw and the casing of mortar pump a maximum 
top cut of 2 mm was chosen to avoid clogging by 
coarser grains. 

Castable Top 2 LPM Top 1 LPM Top 6 DPP Top 2 DPP 
Pretreatment Low power pump Double piston pump 
10 min 281 307 247 239 
30 min 279 308 249 232 Flow [mm] 
60 min 258 299 247 235 
Start 1 / min 578 281 254 413 
Start 2 / h 13.3 7.2 7.3 10.6 EXO 
Exo Max / h 16.9 9.9 9.5 13.0 
20°C / 24h 3 2 3 3 
110°C / 24h 12 10 13 14 
400°C / 5h 8 8 12 12 
1000°C / 5h 12 9 12 14 

CMOR   
[MPa] 

1500°C / 5h 48 56 59 25 
20°C / 24h 10 11 13 14 
110°C / 24h 54 47 59 55 
400°C / 5h 44 37 63 67 
1000°C / 5h 39 29 52 51 

CCS  
[MPa] 

1500°C / 5h 168 165 309 238 
110°C / 24h ±0 ±0 ±0 ±0
400°C / 5h -0.08 -0-09 -0.06 -0.06 
1000°C / 5h -0.03 -0.06 -0.03 -0.04 

Permanent  
Linear Change       
[%] 

1500°C / 5h -0.03 -0.33 -0.32 -0.37 
HMOR [N/mm2] 1500°C / 5h 16 12 22 22 

110°C / 24h 3.06 3.00 3.01 3.02 
1000°C / 5h 3.00 2.88 3.04 3.03 Bulk Density  

[g/cm³] 
1500°C / 5h 3.01 2.98 3.02 3.04 
110°C / 24h 16.1 17.7 13.7 15.3 
1000°C / 5h 19.0 22.9 18.1 18.3 Apparent Porosity 

vol.-% 
1500°C / 5h 19.5 20.6 18.9 18.5 
110°C / 24h 5.3 5.9 4.4 5.1 
1000°C / 5h 6.3 7.9 5.9 6.1 Water absorption     [wt-%] 
1500°C / 5h 6.5 6.9 6.2 6.1 



PUMPING TRIALS - DOUBLE PISTON PUMP 
For the pump trials with a double piston pump, 

castable Top 6 DPP with a maximum grain size of 
6 mm was set-up. With 27 % E-SY 2000 and only 
5.6 % water pumpable consistency could be achieved. 
In addition, the Top 2 LPP was slightly adjusted to 
achieve low dilatancy with only 5.8 % water and 25 % 
E-SY (Top 2 DPP). Both castables have a F30 of 
>240 mm and a ball drop time of 1-2 seconds. The 
pump trials were conducted in a double piston pump 
MBS 70/80 (Montanbuero GmbH). All components of 
the castable were dry-mixed before the pump trial. 
Castable batches of 500 kg were mixed with water, 
transferred to the pump vessel and a further 250-
500 kg were mixed to complete the required quantity. 
Despite the high shear rates in the double piston 
pump, both castables could be easily pumped over a 
distance of 50 m through several rubber hoses and 
steel pipes with 50 mm and 38 mm diameter. The 
pumping pressure never exceeded 170 bar during the 
whole pump trial. The dilatancy of both castables is 
considered to be low enough for pumping even over 
longer distances, which is considered to be a normal 
range by the experienced operators. 

Due to the better mixing equipment attached to the 
double piston pump, castables used for the trial 
required less water than using the low power mortar 
pump and easy pumpability was achieved with only 
5.6 % water. The lower water content results in higher 
strength of the castable samples compared to samples 
from the mortar pump trial.  E.g. the CCS at 1500 °C 
raises from 165 MPa (Top 1 LPP) to more than 
300 MPa (Top 6 DPP) and the HMOR rises to 
22 MPa. 

All castables and pump trials have been performed 
with the Spinel containing E-SY 2000. However, they 
could also have been done with the high alumina 
based E-SY 1000 as the castable rheology is 
equivalent with the 2 materials.  
 
CONCLUSIONS AND OUTLOOK 

The trend toward monolithic lining requires state of 
the art installation methods and appropriate castables 
formulations. The dilatancy of high purity vibration 
and self-flowing castables limits the use of pumping 
technology, especially when double piston pumps are 
used. Early pumpable formulations used silica fume 
for the matrix superfines to reduce dilatancy but it 
also caused a negative effect on refractoriness and 
thermo-mechanical strength. With the E-SY 1000 
(pure alumina) and E-SY 2000 (spinel containing) 
two types of high purity Reactive Aluminas are 
available which enable the design of low dilatancy 
castable formulations. Several castables compositions 
based on E-SY 2000 presented here gave reduced 
dilatancy compared to previous self-flowing 

castables. Field trials showed that E-SY castables are 
pumpable both with simple low power mortar pumps 
and with double piston pumps, which are very 
demanding with respect to the castable rheology. 
Castables were easily pumped over a distance of 
50 m though hoses with diameters of 38 and 50 mm. 

Although not completed in time for paper 
submission additional work is underway to further 
improve the rheology of the formulations for 
shotcreting. In other work E-SY 1000 and E-SY 2000 
have shown themselves to be excellent sources of 
sub-micron alumina fines for vibration and self-flow 
castables. The rheology with the E-SY materials is 
softer than with traditional reactives that are designed 
to optimise particle packing.  
 
REFERENCES 

1 Kriechbaum, G.W.; Gnauck V.; Laurich, J.O.; 
Stinnessen, I.; Routschka, G.; van der Heijden, J.: 
The Matrix Advantage System, a new approach to 
low moisture LC selfleveling and alumina rich spinel 
castables, Proc. 39. International Colloquium on 
Refractories, Aachen, Germany, 1996,  211-218. 

2 Laurich, J.O.; Buhr, A.: Synthetic Alumina Raw 
Materials – Key Elements for Refractory Innovations, 
Unitecr’99, Berlin, Germany, 348-355. 

3 Kriechbaum, G.W.; Gnauck, V.; Routschka, G.: 
The influence of SiO2 and on the Hot properties of 
High Alumina Low Cement, Proc. 37. International 
Colloquium on Refractories, Aachen, Germany, 
1994,  150-159. 

4 Peleggi, R.G.; Marques, Y.A.; Vasques Filho, D.; 
Pandofelli, V.C.: Shotcrete Performance of 
Refractory Castables, Refractories Applications and 
News Vol. 8, 2003, No. 3, 15-20. 

5 Pileggi, R.G.; Pandofelli, V.C.: Rheology and 
Particle Size Distribution of Pumpable Refractory 
Castables, Am. Ceram. Soc. Bull. Vol. 80, 2001, No. 
10, 52. 

6 Pileggi, R.G.; Paiva, A.E.; Gallo, J.; Pandofelli, 
V.C.: Novel Rheometer for Refractory Castables, 
Am. Ceram. Soc. Bull, Vol. 79, 2000, No. 1, 54-58. 
 


	CD-ROM Splash Screen
	Table of Contents
	Preface
	About UNITECR 2005
	Lafarge Aluminates
	UNITECR 2005 Sponsors
	About ACerS
	Copyright Information
	CD-ROM Instructions
	Search
	Help
	Wednesday, November, 9 2005
	Steelmaking Refractories - Secondary Metallurgy
	Improvement of castable refractory for better injection repair performance in RH degassing unit
	Improvements in Dofasco's 310 Mt Ladle Bottom Stirring Elements & Systems
	Refractory Castables for the Ladle Furnace Delta Section at Corus IJmuiden
	MECHANISMS OF WEAR OF REFRACTORIES IN SNORKELS OF AN RH DEGASSER AND THE POSSIBILITIES FOR THEIR REDUCTION.
	Corundum Spinel Fired Purging Plugs of Increased Durability for the Bottom Blowing in Steel Ladles

	Castable Technology - Installed Properties I
	The Recent Developments of Castable Technology in Japan
	Microstructural Changes in Calcium Aluminate Cement Bonded Castable Systems
	Thermal Behavior in Relation to Different Bindings of Alumina Based Castables in a Temperature Range 20-1000C
	Sintering Studies on Binding Systems for Spinel Bonded Castables

	Molten Liquid Interactions I
	Corrosion Behavior of MgO-C Refractory Accompanied by Bubble Formation in Molten Slag
	Corrosion Mechanism of Spinel Forming and Spinel Containing Refractory Castables in Lab and Plant Conditions
	CHEMICAL WEAR MECHANISMS OF MAGNESIA-CHROMITE AND MAGNESIA-CARBON REFRACTORIES EXPOSED TO STAINLESS STEELMAKING SLAGS
	A Study on the Mechanism of Oxygen Transferring from Refractory to Molten Steel
	Effects of MgO and Al2O3-MgO Al2O3 Refractories on Oxygen Content of Interstitial Free Steel in a Vacuum Condition
	The Corrosion of AMC-Refractories by Steel and Slag

	Steelmaking Refractories - Carbon Bonded I
	Formation of ZrB2 in MgO-C Composite Materials With In-situ Synthesize Method
	The influence of heat-treating atmospheres on Al2O3-C materials with Al addition
	Study on the Kinetics of the Surface Carbonation of MgO-CaO Material
	Reaction Chemistry and Microstructure Development of MgO-C Refractories Containing Metal Antioxidants
	Evaluation of critical properties for magnesia carbon with addition of metallic
	The effect of Al and Si addition on the microstructure and properties of Al2O3-C refractories

	Robert E. Moore Memorial Education Symposium I
	Refractories Education Status
	Refractories Education in the World Today
	Refractories Education in Japan
	Refractory Ceramics at the University of Missouri-Rolla
	Education and Research: Their Relevance to the Future Prosperity of the Refractory Industry

	Castable Technology - Installed Properties II
	Spinel-Bonded Magnesia versus Spinel-Bonded Spinel Castables
	Effects of Spinel Formation in Al|*bsub*|2|*esub*|O|*bsub*|3|*esub*|-MgO Refractories and Castables
	The Effect of Hydratable Alumina on the Properties of the SiC-, High alumina- and MgO-based Self-Flowing Castables
	Effects of Titanium Oxide Addition on the Properties of Alumina Spinel Refractory Castables
	Spinel Forming Reaction of Hydratable Alumina with Magnesia vs. alpha-Al|*bsub*|2|*esub*|O|*bsub*|3|*esub*| with Magnesia
	Phase Formations and Their Effects on Properties of a Refractory Calcium Aluminate Cement

	Steelmaking Refractories - Steel Ladles I
	Nano-Tech. Refractories-3; Development of "MgO-Rimmed MgO-C Brick"
	Improving the Structural Integrity of Steel Ladle Refractory Linings
	FEM SIMULATION OF THE THERMO-MECHANICAL BEHAVIOUR OF REFRACTORIES USED IN LADLES OF ESFAHAN STEEL COMPANY
	Development of Improved Quality Spinel Castable for Steel Ladle Bottom
	LADLE FILLER SAND EVALUATION
	USE OF SLAG-LINE REFRACTORY IN LADLE FOR TIRE CORD STEEL MAKING
	Characteristics and Applications of Nano-Tech. Magnesia Carbon Bricks
	A Basic Study on Pore Dynamics and Fracture Behavior of Various Carbon Containing Refractory Materials for Steel Making

	Castable Technology - Installation Essentials I
	Recent Developments in Deflocculants for Castables
	Microsilica in Refractory Castables-How does Microsilica Quality Influence Performance?
	Historical look at the development of unshaped refractory technology
	Behavior of Andalusite in the Matrix of High Alumina Low Cement Castables
	New Generation, Insulating Monolithics for Replacing Ceramic Fibers
	The Effects of Additives in Alumina - Spinel Castables

	Molten Liquid Interactions II
	Multifunctional Refractory Materials for Molten Metal Contact Applications
	Lattice Boltzmann Model for Refractory Slag Interaction
	Study on Fractal Characteristics of Slag Corrosion Interface Topography of Magnesia-Based Castables
	Molten Salt Synthesis of High Melting Complex Oxides
	Dynamic Corrosion of Refractories for Ceramic Frits
	Corrosion Behavior of MgO-CaO Refractories
	Interphase Interaction On The Interface Of Ultrapure Corundum Ceramics With Oxide Solders of System X-Al|* bsub*|2|*esub*|O|*bsub*|3|*esub*|-SiO|*bsub*|2|*esub*|, where X=CaO, BaO, MnO

	Steelmaking Refractories - Carbon Bonded II
	Effect of Particle Size Distribution and Al2O3/MgO Ratio On Characteristics and Properties of AMC Refractories 
	Flexibility of MgO-C refractories due to bending tests at room temperature and after thermal shock treatment
	Corrosion Resistance of High-Alumina Graphite Based Refractory to the Smelting Reduction Melts
	Designing Oxide Part of Unburnt Magnesium Products Containing Carbon
	Development of a Thermaplastic MgO-C Brick A Cold Process Flexible System
	REACTION MECHANISMS DURING THE CORROSION OF MgO-C REFRACTORIES BY STAINLESS STEEL SLAGS UNDER VACUUM CONDITIONS
	The Improvement of MgO-C Bricks Toughness for RH Snorkels.
	The Effects of Graphite and Resin Contents on the Properties of Dolomite- Graphite Refractories

	Robert E. Moore Memorial Education Symposium II
	Refractory Education in Spain
	Progresses of Refractory Education in Last 50 Years and the Future in China
	Education on Refractory in Korea
	Refractories Education in Argentina
	Refractories Education in India: In Retrospect & Prospect
	Training Experience of Specialists of Highest Qualification in the Field of Refractories in the Ukrainian Research Institute of Refractories Named after A.S. Berezhnoy
	Current Status and Future of Online, Distance Learning, Seminars, Self-Study, and Onsite Short Courses on Refractory Technology and Science
	Refractories: High-Temperature Nanobonded Composites

	Ex Situ and In Situ Characterization
	Microstructural Characterization of in situ Matrix Phase Formation in Refractories
	CATHODOLUMINESCENCE MICROSCOPY AND SPECTROSCOPY CHARACTERIZATION OF REFRACTORY AND ADVANCED STRUCTURAL CERAMICS
	In-situ X-ray Observation of Penetration and Local Corrosion of Refractory by Slag and Metal
	IN SITU OBSERVATION OF MgO DISSOLUTION IN CaO-Al2O3-SiO2 BASED SLAGS
	MINERALIZING SPINEL FORMATION WITH B2O3
	Refractories and Temperature Measurement in the Steel Industry
	Optcal Microscopy as Confirmation Influence of Casting Powder with Wollastonite on Decrease Erosion of SEN
	Kinetics of Mullitization of Andalusite Crystals and Role of the Transformations


	Thursday, November 10, 2005
	Steelmaking Refractories - Steel Ladles II
	THE DEVELOPMENT OF Al2O3-MgO CASTABLE FOR PRECAST SHAPES IN LADLE APPLICATION
	Update Information of Steel Ladle Refractories in Japanese Steel Mills
	Effect of metal addition on properties of corundum-based purging plug
	Management of Refractories at the Sollac Dunkerque Steelshop
	Design Aspect of a Low Thermal Conductive Al2O3-MgO-C Brick for Steel Ladle
	The Development of Magnesia-Graphite Refractories for Slag Line of Steel Ladles
	REFRACTORIES SELECTION FOR STEEL LADLES
	Improvement of Steel Ladle Refractories under High Production
	Improvement of the refractory performance of steel ladles at ThyssenKrupp Stahl AG
	The Future Role of Steelmaking Refractories

	Castable Technology - Installation Essentials II
	IMPROVEMENTS IN WORKABILITY BEHAVIOR OF CALCIA-FREE HYDRATABLE ALUMINA BINDERS
	The Control and Optimization of Low Cement Castables
	Flowability and Flocculation of Wet Shotcreting Castables with Different Additives
	Optimization of the Rheology and Setting Characteristics of LCC at Low Temperatures
	E-SY ALUMINAS - The New Solution for Pumpability of Silica Free High Performance Tabular Alumina and Spinel Castables
	Influence of Microstructure and Chemical Interaction on Rheological Properties of Castables
	A Tool Kit for Construction Supervisors Responsible for the Installation of Refractory Castables
	Influence of Dispersant and Ultrafine Powders on Rheological Behavior of Aqueous Suspensions and Properties of Al2O3-SiO2 System Refractory Castables 
	An Investigation on the Effects of Particle Size Distribution on Properties and Flowability of Self Flow Alumina Spinel Refractory Castables

	Worldwide Raw Materials
	Almatis Global Product Concept for the Refractory Industry
	A Global Supplier of Alumina Based Products for the Refractory Market
	White Fused Alumina versus Tabular Alumina
	Progress in Developing Bauxite-Based Synthetic Refractory Raw Materials
	BONITE - A New Raw Material Alternative for Refractory Innovations

	Steelmaking Refractories - Operations
	Evaluation of Apparent Thermal Conductivity of Green Tap Hole Mix
	IMPROVING BLAST FURNACE TAPHOLE OPERATIONS BY CO-ORDINATED IMPROVEMENTS IN TAPHOLE CLAY, GUNS AND DRILLS.
	Eco-Friendly High Performance Taphole Mix
	RESEARCH ON ASC HOT SHOTCRETTING CASTABLE
	Fully automatic refractory maintenance system*
	On-line tuyere erosion measurement of converter
	Improved Refractory Systems and Rapid Turnaround Techniques for Reheat Furnaces
	Analysis of a Severe Duty Industrial Concrete and Improvements Made through Steel Fibers
	Refractory solutions for rotary hearth reheating furnaces
	Sintering of Dry Vibratable Refractory Materials for EAF Bottom
	Improved Refractory Maintenance Through Novel Monitoring and Tracking Techniques

	Ultra High Temperature Ceramics
	Current Developments in Ultra-High-Temperature Ceramic Materials
	Ultra-Refractory ZrB2 Based Ceramics
	Overview of Ultra High Temperature Ceramics Development at NASA-Ames
	Structure-Property Relations in Monolithic and Fibrous Monolithic ZrB2-Based Ceramics
	Microwave Sintering Technology and Its Application in the Synthesis of Zrb2

	Environmental Sustainability
	Energy Productivity in the High-Energy Industries: Uncompetitive Cost, Survival or Competitive Advantage?
	Energy Conservation Strategies in Kiln Design and Operation
	Recycled Activated Alumina as a Economical Source of Calcined Alumina in the Refractory Mix Design
	An Outlook of Refractory Recycling Experience in Iranian Steel Industries
	New Approach to Recycling Waste Magnesia Chromite Bricks for Refractory Castables Production Used at Iranian Sarcheshmeh Copper Complex
	Environmental and Safety and Health Regulations Affecting the U.S. Refractories Industry
	Why Don't we Recycle Refractories in the USA?
	Development of High-Temperature Dust-Collecting Filter
	Influence of Used Raw Materials on Properties of Silica Bricks

	Steelmaking Refractories - Continuous Casting I
	Development of Joint Seal Discs in their Gas Sealability and Operation Efficiency
	THE EVOLUTION OF THE PHYSICAL PROPERTIES AND MICROSTRUCTURE OF Al2O3 - ZrO2 - C SLIDE GATE AT ELEVATED TEMPERATURES
	Improvement in alumina-carbon SN plates refractory durability with transition metal addition
	The Application of the Nano Structural Matrix to SN plates
	The Basic Slide Gate Plate for Casting of Ca-Alloy Treated & High Oxygen Steel
	New Concept TN series Slide Gate System

	Castable Technology - Carbon Containing
	Water Corrosion Resistance of Metal Powders for Carbon-Containing Castables
	Development of Carbon Containing Castables for Iron and Steel Making
	Multiple Functions of Antioxidants in Carbon-containing Castables
	EFFECT OF SURFACE TREATED GRAPHITE ADDITION ON THE RHEOLOGICAL BEHAVIOR, PHYSICAL AND MECHANICAL PROPERTIES OF CARBON CONTAINING CASTABLES
	Development of Doloma Carbon and Magnesia Carbon Castables for Steelmaking Processes
	The Effect of Amorphous Carbon Coating on Aluminum Hydration Resistance

	Refractories for Primary Aluminum
	Production of Si3N4/SiC Composites for Aluminum Electrolytic Cell under an Oxidizing Atmosphere
	Thermal Insulating Materials for Aluminum Electrolysis Cells
	Fracture Resistance of SiC Fiber (Nicalon|*bsup*|TM|*esup*|)-Reinforced SiC Refractory Composites for the Aluminum Melting Furnaces
	Influence of Non-Wetting Agents on the Modification of Dynamic Wetting of High Alumina Monolithic Refractories by Aluminium Alloy
	Raw Material Concepts for SiO2 Free High-Strength and Low-Wettability Aluminium Refractories
	Structural Changes of LCC and ULCC by Melt and Vapour Phase Corrosion in Aluminium Dross Recycling Processes
	Optimization of an Industrial Anode Furnace Lining Using Distinct Magnesia-Chromite Refractory Qualities
	Alumino Silicate Refractories for Special Applications in Non-Ferrous Metallurgy: Processing and Microstructure

	Foundry Applications
	Development of a New Ferrous Aluminosilicate Material for Investment Casting of Aluminium Alloys
	An Advance in Control Equipment for the Installation of Dry Vibratable Refractory
	Novel Foamless Ceramic Filter for Advanced Metal Casting Technologies
	Dry Corundum Spinel Mix for the Lining of Induction Crucible Furnaces
	New Multi-Functional Castables for Foundry Applications
	Fabrication of Reticulated Porous Mullite Refractories as a Molten Metal Foam Filter
	Understanding and Optimisation of MgO Hydration Resistance and Spinel Formation Mechanisms for Increasing Performances of DVM used in Crucible Induction Furnaces Melting Steel
	Understanding Refractory Failure

	Glass and Cement Production
	Some Aspects of Characterization of the Refractories for Glass Contact
	Corrosion of Dense Refractories by Glass Melts or Slag
	High Temperature Mechanical Behavior of High Zirconia Fused-Cast Refractories
	Effect of oxide additives on properties of magnesia-spinel refractories
	Microstructural Characteristics of Magnesia-Calcium Zirconate Substrates Subjected to Clinker Attack
	Minimizing Structural Spalling of MgO-CaO-ZrO2 Bricks for Cement Rotary Kiln Using Large Amounts of Waste
	Partially Stabilization of Zirconia and its Effects on the Magnesia - Spinel Refractory Properties

	General
	Effect of MgO Addition on Sintering and Improvement of Hydration Resistance
	Hydration Kinetics of Magnesia Based Bricks
	SYNTHESIS OF MULLITE-CORDIERITE BODIES UTILIZING IRANIAN ANDALUSITE AND TALC
	Measurement of Thermo-Physical Properties of Melts by Drop Oscillation Method
	Limitations of Technical Datasheets for Refractory Selection
	The Research of the Formation, Desintegration and Restoration of Coagulation Structures in Vibrocast Chromic Oxide Mixes


	Friday, November 11, 2005
	Steelmaking Refractories - Continuous Casting II
	Mogul'' lined Submerged Entry Nozzle
	Formation of ZrC in ZrO2-C Material and Its Effect on Molten Steel Penetration
	STUDY ON ANTI-CLOGGING SEN FOR SPECIAL ALLOY STEEL CONTINUOUS CASTING
	Multi & High Performance Stopper for CCS
	Development of an improved tundish flow control system
	FRACTURE CHARACTERISTIC OF ISOSTATIC PRESSED SUBMERGED ENTRY NOZZLE
	Inclusion Buildup Phenomena on Submerged Entry Nozzles for Calcium-Treated Molten Steel
	The evaluation of anti-clogging materials for submerged entry nozzle
	Evaluation on the Corrosion and Wear Mechanisms of Tundish Coating Refractories
	Development of Monoblockstopper for longer sequence casting in critical grades of steel
	Designing of Controlled Shrinkage Bearing Gunning Material for Tundish

	Castable Technology - Curing and Dewatering
	Alumina Magnesia Castable: How does Time of Cure Affect the Properties?
	Permeability and Dehydration of Refractory Castables
	Mechano-Chemical Phosphates Binder for Bonding Refractory Castables
	Strengthening of the Low Cement Castable by the Hot Water Curing
	Setting Mechanisms of Low-Cement Castables and Its Application for Setting Time Control
	Advances on the Understanding of the Role of Polymeric Fibers as Drying Additives for Refractory Castables
	The Effect of Raw Material Base and Pyro-processing Parameters on the Reactivity of Calcium Aluminate Phases in Calcium Aluminate Cements

	New Developments and Test Methods
	Effect of Chemical Composition on Microstructure and Properties of MgO-ZrO2-CaO Based Multiphase Materials
	Study on the Process and Fundamental of Sintering Si3N4/SiC Composite Under Oxidized Atmosphere
	Pyrogenetic Refractories for Microwave Firing of Ceramics
	Support Vector Machine Applied to Modeling of SiAlON-Corundum Castable
	Technique Development For Large Sample Thermal Conductivity Measurement
	A New Method for Assessing Calcium Aluminate Cements
	Double Layered Refractory Products, Automatically Pressed of Two Different Materials in one Single Working Cycle
	High Emissivity Coatings for Improved Performance on Refractory and Metal Substrates
	Design of a Non-Isothermal Corrosion Test Apparatus
	Development of Ceramic Fiber Based Setters
	DEVELOPMENT OF TOXIC SUBSTANCES INSOLUBILIZING ADSORBENT

	Steelmaking Refractories - Blast Furnaces and Coke Ovens
	DEVELOPMENT OF REFRACTORY CASTABLES AND INSTALLATION TECHNIQUES FOR MAIN TROUGHS OF BLAST FURNACES
	Influence of Spinel Clinker on Corrosion Resistance of BF Trough Castable
	Redesigning the hot metal ladle lining at Corus IJmuiden
	Rheological and Thermo-Mechanical Properties of Bauxite-based Sprayable Castables and Their Application in Torpedo Car
	Thermal and thermomechanical FE-modelling of a 300 t torpedo ladle
	Improvement of hot blast stove silica brick based on results of high temperature creep test
	Hot Blast Stove Enhancements - Options for Campaign Extension and Productivity Increases
	Development of Thermal Shock and Creep Resistant Bricks for Hot Blast Stoves
	Formations of CaO-SiO2-hydrate phase on prolong storing of Silica bricks under moist condition and its effect on the properties of Silica Bricks.

	Hydrocarbon Processing
	Revisiting An Old Friend
	New Multifunctional Refractory Concretes for Fluid Catalytic Cracking Units in Refineries
	State of the Art Refractory Linings for Hydrogen Reformer Vessels
	The Influence of Some Technological Factors on the Structure and the Properties of the Catalyst Corundum Carrier for the Methane Vapor Reforming Process
	An Analysis of the Causes of Failure in High Chrome Oxide Refractory Materials from Slagging Gasifiers
	Identification of Refractories for High Temperature Black Liquor Gasifier
	Development of Refractories for Gasification-Melting Furnaces used for Automobile Shredder Residue (ASR)
	The Improvement of Slagging Gasifier Refractories
	Refractory Testing and Evaluation at Oak Ridge National Laboratory for Black Liquor Gasifier Applications

	Fracture of Refractories
	Evaluation of Thermal Shock Damage in Refractory Materials by Ultrasonic Pulse Velocity Testing
	Bridging Stresses in Alumina-SiC-Graphite Refractory Composites
	FEM Based Thermomechanical Investigations of RH-Snorkels
	Mechanical Properties and Thermal Shock Behaviour of Model MgO-MgAl2O4 Spinel Composite Refractories
	FAILURE ANALYSIS OF REFRACTORY CUP UNDER THERMAL LOADING AND CHEMICAL ATTACK USING CONTINUUM DAMAGE MECHANICS
	Numerical Investigations of Mechanical Behavior of Refractories
	Investigation on Effects of the Properties of Refractory on Thermal Stresses of Desulphurizing Lance by FEM
	Nonlinear Finite Element Analysis of Nozzles for Continuous Casting
	Multi-Scale Approach for Refractory Structure Modelling
	Thermomechanical Behavior of Two Refractory Castables
	BOF LINING DESIGN BY THERMO-MECHANICAL STRESS ANALYSIS USING FEM



