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The Process Technology Group (PTG) provides technical support services to the customers of LWB
Refractories with a strong focus on slag and steelmaking practices. The PTG uses a comprehensive range
of technical models/tools for evaluation of metallurgical processes ranging from foamy slag in the EAF
to inclusion control in the ladle and casting process. The e-Tech website provides the customer access to
metallurgical theory for reference, and the practical models/tools that apply the theory to the shop floor.
These valuable computer models and process expertise, coupled with our high quality refractory products,
enable LWB to assist our customers to lower their overall cost/ton of steel produced.

Example of a model used to evaluate ladle slags: screenshot of Slag Optimization Program.
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Example of a model used to develop Si Killed ladle slags: Ladle Mass Balance Model.
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5 Composition of Flux Additions (wt%) Ternp (°C) 1593
& |Flux Addition | Amount | Model | MgQ | Ca0 |AI203| Si02 | FeQ | MnO [Cr203| TiO2 | CaF2 | Tetal Temp (°F) 2900
7 |Lime 1650 43 20 | 950 05 1.0 05 99
8 |Dalomite A6 | 380|580 10| 10 98 % MgO Limit__ 6|
9 |Periclase 125 6 Yoso| 10 20 95
10 |Spar Acdtional 1.0 1.0 930 | 100 ZR203 Limif__6 |
11 |Ca-Alurninate 200 AmUHmS 80 | 200650 [ 30 1.0 a7
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25 |Unreduced Slag T4 | 511|271 | 43 8.1 1.9 0.1 0.1 100 3874 141
26 |Reduced Slag 8.0 | 551|308 | 46 | 1.1 | 04 | 0.0 | 0.1 100 3593 1.71
27 |Recommended Slag (ER203's<3) 7.8 | 55.6 | 305 | 46 1.1 | 04 | 0.0 100 3619 1.73
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Rec | Rec | Rec | Rec Si
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34 |Alloy Addition Amount |Rec [Si]| [Mn] | [Cr] | [Al] | [C]
35 |FeSi a7 4 80 | 750 30| 08 | 230 1015
36 [Sikdn a0 100 80 | 16.8 |B0.2 13 | 217 100.0
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Example of a model used to develop Al Killed ladle slags: AL Killed M

ass Balance Model.
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5 Composition of Flux Additions (wi%) Temp (°C) 1593

6 |Flux Addition | Amount| Model | MgQ | Ca0 | AlZ03[ Si02 | FeQ | MnQ |Cr203] TiOZ | CaF2 | Total Temp (°F) 2900

7 |Lirne 5500 83 20 | 950 05 [ 10| 05 99

8 |Dolomite 90 | 380 | 5680 10|10 95 % MgO Limit__ 4|

9 |Periclase T 36 950 | 10 20 ]

10 | Spar Beldtional 20 980 | 100 ER203 Limit___ 6 ]

11 |Ca-Aluminate 1200 | Amounts | 150 | 10.0 | 70.0 [ 1.0 96

12 |Tap hole sand Reauired | 480 20 80 55 %Al ResulfHeal] N |

13 |Flux Mixture/Oross 120 | 480 | 80 (240 10 | 10 a0 100

14 |EAF Slag 1000 FA | 38F | 19 [ 146|334 | 28| 05 10067 |B3= 233

15 |EAF Slag 120 30| 80 (170|210 | 40| 05 995 |B3=1.45

24 |Calculated Slag Composition MO | Ca0 |AROT| Si02 | Fel | MnO |Cr203| TiO2 | CaF2 | Toetal | Amount B5

25 |Unreduced Slag 3.6 | 557 | 320 [ 35 35 1.7 0.0 100 10301 146

26 |Reduced Slag 3.7 | 581|345 |36 | 01 | 01| 00 100 9890 1.62

27 |Recommended Slay (ER203's<3) 40 | 564|339 | 36 | 01 | 01| 0.0 100 10053 1.66

28 |Actual slag for reference (if known) 70 | 57.0] 310 [ 40 | 01 | 041 99 1.82
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Kl FeSi Al | CalZ| Sic FeQ | MnD [Cr203 02 | d=1 7.5
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32 |Added B0 Alin Dross| 75 20 5 t{Recorm) = 182

33 Composition of Alloy Additions

Rec | Rec | Rec | Rec Si
i Mn| Cr| Al | C Fe Total

34 |Alloy Addition Amount |Rec [Si]| [Mn] | [Cr] | [A] ] [C]

36 |FeSi a7 5 60 | ¥a0 30 | o0& | 230 101.5 &
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Example of model used to evaluate EAF slag basicity and foaming characteristics: FoamyMB.
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% Mn0 200 203 2.00
. 5l Feld +Mn0: 22.8 %
% 203 0.50 051 0.45 Mal: 16.6 3%
%Ti02 0.50 051 0.45 144
% CaF2 0.0 0.00 0.00
% P205 020 020 o1 F
%S 0.50 051 0.45 104
% w0y 5.30 539 4.79 o
al
Total 100.00 0.00 99.93 %"
B3 1.49 1.49 1.60 25
Slagmass 30012 3002 33189 al
AcidMass G453 E453 E453
Feinslag 11573 11578 12804 r B3-1 43 2950°F ]
Total g 2526 1907 3965 L L L L L L I P
a Bl 1 13 20 5 0 35 40 45 50 53 B0
Taotal Cal 9340 9614 10650 %Fel + ZMn0
Analyzed Slag Yalues Lime/t gl Charge ' alues Graph Dizplay
Mgl gain 494 Current Target (%) Current ) Target
Li 8000 5199
Lime Gk e Target Parameters
Doloma for anlzd 9257 Dalama 5000 10726 Total Charge mass 350000
Current Slag Acid Masses ety 13000 25 Test mass 25000
Sinz2 4202 Material Percentages Acid recovery 100
Al203 21 % Recavery % Mgl % Cal Temperature °F 2950
Tioz 150 Lime a0 1 32| [ Use cument B3 1.6
Acid mass reference value 18 Doloma 90 38 ] ilize cumant: FeQ+tn0 30
Test 0.50 1.30 i 158
Restore Defaults el tg0 Super Saturation

Main functions of the PTG

» Metallurgical process technology and refractory support to carbon and stainless steel producing
customers.

» Work with the customer to solve metallurgical process issues and develop practices that achieve
the goal of producing a quality steel product at a low overall cost per ton.

» Training of customer personnel in slag and steelmaking practices.

» Develop and maintain slag and metallurgical process models that evaluate and control various
aspects of the EAF, AOD, VOD, ladle slag and inclusion formation processes.

» Maintain high-level technical website for reference to metallurgical theory and a portal to provide
customers with access to the models.

» This PTG technical service package is aimed at supporting and growing LWB’s refractory business
and is therefore available to customers based on their level of refractory business with LWB.

e-Tech website (http://etech.lwbref.com)

Customers can access valuable technical reference information and process models on the technical
website 24 hours a day. The website has different sections devoted to the Ladle, Furnace (EAF), Stainless
and the Caster. Access is controlled by secure log-in and is linked to the level of business with LWB in
each area. A screenshot of the website showing the applications available is shown below.
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LWEB Refractaries

e-Tech Applications Center

You are currently allowed to access applications in the following sections: General, Ladle, Furnace, Stainless, Caster

General . Ladle . Furnace . Stainless . Caster
Conversion Utility Al-Si Ladle Reheat EAF Dual Saturation Stainless Mass Balance Activi(tsytggllgjlatur
Desulfurization Kinetic Desulfurization EAF Refining Simulation Al:tivi(tsvtggllsjlatur Steel Liquidus Calculator
Dual Saturation Model Ladle Mass Balance Foamy Slag Model Ti Solubility Products Mould Powder Viscosity
Slag Optimization Ladle Slag Yolume Slag Activity Calculator
Slag Yiscosity Ti Solubility Products
Slag Activity Calculator Ferrite Potential

Technical Support

The technical support provided to customers can range from refractory and slag practice recommendations
to more involved process studies and optimization. A large part of the PTG’s involvement has traditionally
been in evaluating and modifying slag practices to optimize the steelmaking process and refractory
performance. This has been applied to the EAF and ladle in carbon steel, and to the AOD/VOD for
stainless production. A variety of slag models and mass balance tools are used in the process — some of
these are available to customers on the e-Tech website or by license agreement on their own PCs. LWB is
well known for its expertise in foaming slag for the EAF and for slag practice design for a range of mini-
mill process routes and stainless steel production.

Training

The training LWB provides to its customers is an integral part of the program and is highly valued in
industry. Training ranges from a classroom setting to on-the-job training of operational personnel to
“read slags” and respond appropriately. This helps operators to deal with the inherent variability in the
steel making process and make the required adjustments. The accent is on transferring knowledge in an
easy to understand fashion and implementing the academic/theoretical knowledge on the shop floor — this
empowers the operators to make better decisions based on a better understanding of the process.

Metallurgical Models/Tools

There are a variety of valuable models that are based on Excel, and certain models that have been developed
into professional applications that can be licensed to customers for direct use on their own PCs. For
example, the group of foaming slag applications (EAF Foamy Mass Balance and QuickFoam) evaluates
slag chemistry and process data to enable rapid reaction to variations in charge (scrap) quality in order
to maintain good foaming slag chemistry. Other models evaluate the ability to remove phosphorous and
sulfur, or relate the balance of carbon and oxygen in the EAF process to %FeO in the slag (and thus Fe-
yield). A mass and energy balance is also available for more detailed evaluations.



Our new version of Foaming Mass Balance (FMB) software allows automatic data loading from plant-
level database systems for rapid result display and heat-by-heat evaluation of the process. History records
will be maintained in the FMB and can be sorted and searched easily.

The LWB Slag Model and comprehensive ladle mass balance are applied to ladle processes to design
slag practices that first enhance rapid liquid slag formation and then achieve a slag balanced with respect
to refining requirements and refractory compatibility. Desulfurization and inclusion control are the most
important refining reactions considered for the ladle treatment. More advanced metallurgical problems
may require application of models for slag and metal activity and the associated interactions, especially
with regard to oxygen potential and inclusion control. The Titanium Inclusion Model (T1M) is an advanced
model that calculates the type and mass of solubility product inclusions that form from a certain steel
chemistry over a temperature interval. The TIM is a valuable tool for evaluation of inclusion control
practices and sensitivity to chemistry variations.

Summary

A strong metallurgical background and valuable computer process models, combined with practical
experience and expertise, enables the PTG to assist our customers with a variety of steelmaking related
issues. Teamed with LWB’s sales, marketing, and research personnel, The PTG works with our customers
to improve their operating practices and refractory performance - with the ultimate goal of producing a
quality steel product at low cost.

Address all enquiries to:

Process Technology Group Tel:  717-848-1501
LWB Refractories Fax: 717-854-9555

232 East Market Street Email: ptgl@lwbref.com
P.O. Box 1189

York, PA 17405



LWB Refractories Company

232 East Market Street

P.O. Box 1189, York PA 17405-1198
USA

Tel.: +1 (717) 848-1501

Fax: +1 (717) 854-9555

E-Mail: info.americas@Iwbref.com

LWB Refractories GmbH & Co. KG
Itterpark 1

40724 Hilden

Germany

Tel.: +49 (21 03) 8 95-0

Fax: +49 (21 03) 8 95-5 55

E-Mail: info.hilden@Iwbref.com

LWB Refractories de Mexico S.A. de C.V.

Antigua Carretera a Roma, Km. 3.6, Oficina #13

Entre calles: Camino al Mezquital y Callejon Sin Nombre
San Nicolas de los Garza, Nuevo Leon

Mexico 66480

Tel.: +52 (81) 8313-9119

Fax: +52 (81) 8150 - 3286

LWB Refractories S.A.

63, Rue du Petit Bruxelles

59303 Valenciennes CEDEX
France

Tel.: +33 (327) 20 12 30

Fax: +33 (327) 20 12 59

E-Mail: sylvie.grolier@Ilwbref.com

LWB Refractories GmbH & Co. KG
Shanghai Representative Office

Shanghai mart #1602

2299 Yan An Road (West), 200336 Shanghai
P.R. china

Tel.: +86 (21) 62 36 29 81

Fax: +86 (21) 62 36 29 89

E-mail: huixie888@vip.sina.com

LWB Refractories S.r.l.
Corso della Liberta 62

39012 Merano

Italy

Tel.: +39 (0473) 23 00 77
Fax: + 39 (0473) 23 11 05
E-mail: lwb.merano@Iwbref.it

LWB Refractories S.A. (Pty) Ltd.
Cnr. Simon Vermooten and Axle Street

Postnet Suite No. 247, Private Bag X844

Silverton, Pretoria - 0127

Republic of South Africa

Tel.: +27 (12) 80 36 493

Fax: +27 (12) 80 38 979

E-mail: natasja.austin@lwbref.co.za

LWB Refractories AB
Fabriksgatan 54 A
S-70223 Orebro

Sweden

Tel.: + 46 (19) 19 68 80
Fax: + 46 (19) 19 68 81
E-mail: postmaster@lwb.se

LWB Refractories GmbH & Co. KG
Taiwan Branch

31F-2, No 38 Hsin Kuang Road
District Li Ya Kaohsiung

Taiwan R.O.C.

Tel.: +886 (7) 335 60 66

Fax: +886 (7) 535 00 66

E-mail: lwb.twn@msa.hinet.net

LWB Refractories Ltd.

1% Floor, Unit 2, Meadowcourt

1 Hayland Street, Sheffield S9 1BX
United Kingdom

Tel.: +44 (114) 26 26 444

Fax: +44 (114) 26 26 440

E-mail: david.riddell@Iwbref.com
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