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Disclaimer: 
This information disclosed in this document is revealed exclusively for the purposes assisting the 
parties in evaluating the information concerning the technology and may not be stored, distributed, 
reproduced, or used for any purpose other than to assist in the evaluation of the commercialization 
of the technology. The information revealed is not exhaustive and does not contain certain trade 
secrets or sensitive information but it provides the scope of the information which may be used in 
the course of utilizing the technology or marketing the technology.   

No party (direct or acting as a third party) has been granted authorization to disclose, copy or 
otherwise reproduce any information whatsoever, presented in this report. Astra Steelworks or its 
representatives, nominees or agents are not empowered to give any additional information or 
provide some kind of warranty, representation or other kinds of assurances in connection with the 
report except in the course of the appropriate contractual commercial transaction.  

This report is not a prospectus and does not constitute or form any part of any offer or invitation  to 
subscribe for, underwrite or purchase securities, nor shall it or any part of it form the basis of, or be 
relied upon, in any way in connection with any contract or investment decision relating to any 
securities.  

This report includes confidential extracts, certain statements, technical data, data in the public 
domain, data which forms part of the Intellectual Property of Astra Steelworks and its associates, 
estimates and projections with respect to the technology and its performance. No representation 
by any of the above is made either implicitly or explicitly as to the accuracy of procedures, 
estimates and projections. Information, procedures and data which lie inside the scope of Trade 
Secrets, Secrecy Contracts, Confidentiality Agreements and parts of the Intellectual Property have 
not been disclosed.  

No representation is made as to the accuracy of such statements concerning outcomes, 
projections and results which can be influenced by the infrastructures of individual steelworks, 
materials, and other variables within the manufacturing structure. The anticipated future 
performance of the business as  described in the report reflect various assumptions based on 
technical results, studies and past manufacturing  history and performances. The report contains 
statements, estimates, projections and anticipated results from various technical resources 
associated with the technology.  

Astra Steelworks Pty Ltd, its consultants, representatives, agents, employees or corporate groups 
to which these companies belong provide any guarantee, representation, warranty, or express, 
latent or implied security in relation to this report.  The aforementioned persons accept no liability 
for the accuracy, completeness or acceptability of the report delivered to, or revealed to, the 
parties in written or verbal form.  
 
Some of the text is sourced from the original Hungarian documentation and has not been altered 
or formatted. This allows an exact comparison with the English translations for the purposes of 
ensuring the accuracy of data. The English translations contain some typographical errors, 
expression inconsistencies owing to the complexity of the original Hungarian format, as well as to 
language, translation and/or grammatical errors. These errors do not reflect upon the meaning, 
accuracy or applicability of the results, processes and conclusions.  

 

The contents of this document are strictly Commercial in Confidence. 
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1.  Capability Statement 
 

 
Astra Steelworks Pty Ltd – Core Competencies 
 
The Astra group of companies has based its core business around technology and innovation. 
 

 Highly qualified and experienced technical staff – our developers are internationally 
recognized metallurgists and academics with a combined experience in excess of 150 man 
years in all facets of steel manufacturing 

 Manufacturing experience and very extensive documentation is able to support these  key 
technologies and opportunities for their commercialization 

 The technical experts have documented the processes and past history in order to  support 
the commercialization process 

 The technical experts in conjunction with Astra have developed the appropriate  “vehicles”  
to  capitalize upon the key features of the acquired technology in order to address current  
market needs 

 Astra has developed a “Test Manufacturing” procedure in conjunction with  a consulting 
service which is aimed at improving steel manufacturing within different  categories of steel 
manufacturing and plant infrastructure  

 

Past Performance – Historical Perspective 

 The development of the technology has spanned a period of over thirty years 
 The technology was used to manufacture various “special” orders between the late 1970-s 

through to 2005 
 Working with the development and technology management team, Astra has been able to 

develop  a commercialization process for its investors 
 A leading steel supplier to the automotive industry has acknowledged the results produced 

by the technology in the past and the competence of the technical team, based on previous 
results. They have indicated a requirement for ongoing future orders which are to be under 
the control of the Astra technical team 
 

Differentiators 

This is a steel technology which will provide a breakthrough to some struggling or poor performing 
steel manufacturers. The technology and the “know how” are also applicable to other steel 
manufacturers who wish to expand their product lines.  Astra has been able to position itself with 
its technology and structure in a manner which is able to produce strong results for investors and 
an entry vehicle into the technology markets of the European Union and other regions. The steel 
technology is able to be commercialized within a two or three year period. The key technical 
people in the steel technology have unparalleled practical and academic experience in all areas of 
steel manufacturing. 

 
 
 
 
 
 
 CO

NF
ID

EN
TI

AL



 
T-STEEL TECHNICAL & MARKETING  BRIEFING DOCUMENT (TMB-7813) V010613 .docx           Page 5 of 35                                                                               

2.  What is T-Steel ? 
 

T-Steel is a generic code name for premium grade special steels produced in the DAM steel works 
in Hungary from the mid 1970-s to approximately, 2004. Some products were produced for 
example, as special orders for certain clients, who specified exact parameters and quality controls.  
The quality of the produced steel was required to be comparable or better than the comparable 
equivalent grade U.S. or German manufactured steels. For the commercial applications the 
specifications were equal to or higher than the highest grade of standards steel types. These 
steels were not manufactured under the name of T-Steel, because the orders were specified with 
special internal codes and required specifications in order to prevent the sensitive information 
leaking out. 
 
T-Steels are sub divided into nine categories and these categories actually cover a large “family” 
of steel types: The table below also summarizes the stratification of the products, as covered in the 
IP, owned by Astra. 
 
Note:  

Steel types are listed from T1 (Structural Steel) through to the premium grade high category    
Specialised steels (T9). The IP documentation contains the manufacturing processes  
(“know how”) for each of the steel types T1-T9. The comparison table above shows how  
T1-T9 compares with the equivalent standard steel types on the market. 

 
 
In very general terms, the technology involves the enhancements to the actual manufacturing 
process, including the additions of certain appropriate standard alloys, where this is required. The 
process relies in part on exactly defined parameters during the manufacturing process which were 
derived at as a result of over thirty years of testing during the actual manufacturing process rather 
than laboratory tests. The circumstances in which the high quality steels, especially the “special” 
products were manufactured, allowed the “no expense" spared continuous R&D process during 
the manufacturing runs, over a thirty year period. 
 
The manufacturing methods are standard processes either using EAF or Blast furnace 
technologies. In general, factories already producing certain steels for example stainless steels, do 
not necessarily require expensive upgrades and investments in extra equipment. There are of 
course certain basic requirements in order to produce the premium grade steels, i.e. T-Steels.  
 
The technology aims to make it possible for “average” or older factories to manufacture a number of  
T-Steel products economically, and thus enter a different and more profitable market. Astra would 
make available the developers of T-Steel on a consulting basis in order to advise upon the 
requirements for any prospective and interested parties. 
 
The improvements in the characteristics of T-Steel over standard steel types are substantial, 
with a commercial history, and will provide significant economic benefits for steel plants where the 
technology is introduced. 
 
The advantages of T-Steel can be summarized as: 

 
 Substantial Yield savings  
 Significant reduction in Alloys used 
 Tangible and significant  energy savings during the refining process  
 Improved physical properties as compared to the normal HSLA steels 
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T-Steel Product Descriptions 
 
 
 

 DESCRIPTION 
(Corresponding stratification as per the IP 

Documentation) 

STANDARD 
STEEL FAMILY 

T-TYPE STEEL 

1. Technology of  “premium grade”, general use,  non-alloyed 
structural steel.  

RSt 37-2  T/1 

2. Technology of a premium grade, extra high yield, high 
weldability steel. (MA)* 

St 52-3  T/2 

3. Technology of a premium grade, case hardened, boron 
micro alloyed, narrow Jominy band range, steel. (MA)* 

20 MnCrS4B   T/3 

4. Technology of a premium temper grade steel. (MA)* 42CrMoS4 HH T/4 
5. Technology of a premium grade free machining, high 

machinability steel. (MA)* 
9SMn36Bi T/5 

6. Technology of a premium grade, ELC type, extra low 
carbon content stainless steel. (MA)* 

KO41 T/6 

7. Manufacturing technology  of  premium grade, spring steel. 
(MA)* 

38MnSiVS5 T/7 

8. Manufacturing technology of  premium grade, high 
category, high purity, high durability, ball bearing steel. 

100Cr6 T/8 

9. Manufacturing technology  of premium grade, high-speed 
steel. (MA)* 

R2 T/9 
 
Note:  
Steel types are listed from T1 (Structural Steel) through to the premium grade high category Specialised steels (T9).  
The IP documentation contains the manufacturing processes (“know-how”) for each of the steel types T1-T9.   
The comparison table above shows how T1-T9 compares with the equivalent standard steel types on the market. 

 
(MA)* refers to the micro-alloying process,   All of the above i.e. T2-T8, with the exception of T1, all undergo varying 
degree of micro-alloying. The savings are derived from the fact that the special processes (as described in the IP) use 
varying and very exact amounts of the alloys and in some instances the manufacturing costs increase only marginally 
whilst the margins increase by up to 15%. Manufacturing costs actually decrease when the reduced CO2 emissions and 
decreased energy costs are taken into account.  

 
The advantages of T-Steel can be summarized as: 

 
 Substantial Yield savings  
 Significant reduction in Alloys used 
 Tangible and significant  energy savings during the refining process  

                                 Improved physical properties as compared to the normal HSLA steels 
 
 

Improved yield strength 26.6 % 
Improved tensile strength (Rm) 12.3% 
Improved resistance against brittle fracture 10.9% 

 
Table 1. T-Steel advantages 
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3.  T-Steel IP & Proposed Commercialization  
 
 
The value of the IP held by Astra is centred on the actual development methodology and the 
subsequent commercial applications.  
 
When compared to similar research conducted by other entities, the credibility and advantages of 
T-Steel comes from the actual research methodology and the commercial applications, which have 
been largely kept confidential for commercial reasons. 
 
The scope of the technology (IP) involves a number of procedures used in the manufacture 
of various steel types which involve combinations of certain substances and references to 
certain manufacturing environments. In totality these procedures amount to a “know how”. 
 
The IP which is owned by Astra Steelworks does not involve any secret substances or 
potions, and all the manufacturing methods are documented. The developers do not claim to 
have invented a new metal or a new substance; they have merely produced significant 
technical improvements in existing product groups.  
 
The IP (the process) was developed under the control of the developers in the course of their 
working life within the steel industry and academic studies. They planned, controlled and 
implemented the processes.  
 
Astra Steelworks also has confidential records pertaining to the commercial applications. Detailed 
manufacturing steps are included in the IP description. The processes can be implemented in 
the circumstances and within the technical requirements outlined in the IP documentation. 
 
The exact details are known to the developers but the methods, applications and all other relevant 
data have been included in the IP documentation. The IP is confidential and it is protected by 
various physical means.  The IP Transfer Agreement and other Strategic Cooperation Agreements 
contain the appropriate NCND clauses. 
 
The IP (the process) was developed under by the assignors in the course of their working life 
within the steel industry and academic studies. They planned, controlled and implemented the 
processes 
 
The origins of the asset go back to the 1970-s and 1980-s. The assignors has worked 
several decades in Hungarian steel industry, especially in the area of manufacturing high 
grade steels.  
 
They have gained very considerable and unique theoretical and practical experience and 
they used this experience to further develop their knowledge involving the current 
technologies and procedures. This knowledge was further developed and improved by the 
developers during a latter period of academic and private research, into the late 1990-s. 
 
 
The T-Steel IP owned by Astra, contains the manufacturing “know-how” and many years of 
practical experience in the manufacturing of quality premium grade steels. The IP is based on nine 
product stratifications (See Page 6), covering most uses from industrial and construction steels 
through to high specification steels used in various components in the aerospace and turbine 
manufacturing sectors. 
 
The T-Steel IP is built around the technologies used in mini steel mills and the EAF technology. 
This involves primary and secondary metallurgical operations as well as the required rolling mill 
operations and sequential quality control.  
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The improvement in the properties of T-Steel, as compared to the standard steels are due in part 
to the special processes for each steel type which are incorporated into the total manufacturing 
process  

 
The potential commercialization alternatives include the following: 
 

1. Manufacturing of each T-Steel type in Astra’s own plant (sale and also reference) 
  

2. Technology transfer  i.e. licensing        
  

3. Training and consulting  based on technology implementation    
  

4. Manufacturing special orders and special qualities 
 
 

The conclusions based on the analysis of the current market, is able to establish a definite road 
map where the Intellectual Property of T-Steel can be leveraged in terms of market availability for 
the T-Steel products and asset realisation.  
 
Whilst the T-Steel technology could be adapted for mass production it is better suited for the Mini 
Steel Plant and the high end premium steel market. 
 
 

 T-Steel is IP based, so it would have a predefined premium category market  
   

 Mini Steel Plant acquisition can be concluded on a very price effective scale  
   

 The asset value of a functioning Mini Steel Plant and its markets would strongly support 
the value of the I.P. as being fully realisable       
     

 T-Steel is positioned in a different market than those serviced by the Integrated Steel 
Mills and production output can be tailored to the specific market requirements  
            

 The market advantage further narrows in T-Steel’s favour when special high end products 
such as ball bearing steels are considered       
        

 The product spectrum would be unique and would not fall into the “lowest common 
denominator” category as with the “mass production” steel products 

 
Total production capacity of standard and T-Steels manufactured by an Astra owned entity would 
have a ready local market as well as an international market guaranteed by one of the world’s 
largest steel merchants.   
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4.  Integrated Steel Mills versus Mini Steel Mills 
 
 
Integrated Steel Mills are all high capacity manufacturing complexes with a minimum of 3 million 
tons per annum production capacity, all requiring a large and permanent work force, in excess of 
6,000 workers and in some instances as high as 13,000.  
 
Integrated steel plants are large factories which produce steel from raw materials, including iron 
ore, limestone, and coke by the blast furnace (BF) and basic oxygen furnace (BOF) methods. 
These plants have a complex structure and a broad range of products, and are designed for high 
capacity production output which cannot be easily changed.  
 
Virtually all of the Integrated Mills are involved in the production of flat rolled steels – plate, hot 
rolled, cold rolled, coated steels (galvanized, aluminized, electro-galvanized and tin mill 
products). These plants also have internal rolling-mills for the production of various rolled 
products.  
 
It is important to note that these technologies are in general, NOT IP based, but cater for a 
general market.  
 
The production in integrated plants typically implies greater investment, greater operating 
overheads but it can be more cost-competitive as it provides greater economies of scale, so long 
as the capacity is utilised and the market exists. The disadvantage of this method is that the 
furnaces basically need to work almost continuously through their life span, thus reducing the 
flexibility of production adjustment to market demands. A furnace which has been shut down for 
example as a cost saving measure, could take as long as 6 months to re start. 
 
Integrated steel manufacturing is also a mass production methodology as opposed to the Mini 
Steel Plants who are able to manufacture high margin, special high quality steels in small and 
controlled quantities for specific markets. 
 
Integrated steel plants also face significant investments in the next few years in terms of 
modernising and pollution controls. Individual costs could range from $350 million to $400 million 
in order to comply with European Union environmental mandates and other regulations 
elsewhere in the world. 
 
The current economic problems of the Integrated Plants can be attributed to the following factors: 
 

 Production volumes cannot be easily varied and the capacity reductions would have 
significant overheads 

 Market over supply – excess capacities 
 Furnace capacities are large (ranging from 1,000 cubic meters to 5,000 cubic meters 
 Production needs to be on a continuous scale i.e. 24 hour shifts 
 Cost and availability of raw materials i.e. iron ore 
 Overheads cannot be easily controlled or reduced 
 Changes in the markets which are able to absorb the manufactured quantities 
 Issues with state subsidies 
 The products are not unique, can be produced basically in any Integrated plant 

 
In less industrialized countries i.e. in countries with lower overheads, despite the lack, in some 
instances, of modern high rate production equipment, the financial viability of production is often 
ensured by  cheaper labour, less stringent environmental and social regulations and a very high 
degree of cost effective redundancy and back-up capabilities. 
 
Their markets are either guaranteed local markets or controlled volume long term export markets 
which can be viable despite shipping costs.  
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Mini Steel Mills utilize scrap or recycled steel (or scrap substitutes) to make new steel in an 
electric arc furnace (EAF). These Mini Steel Mills, on the other hand, are less complex, are 
usually limited in their range of products, and have production levels that are comparatively low.  
 
Some of these mini mills specialize in high valued finished products, such as superior quality long 
life, critical application steels, stainless steel or special alloys. A number of the mini-mills produce 
long products (bar or rod) as well as flat rolled sheet steel. Mini Steel Mills may or may not have 
internal rolling mill operations, but in essence these would be mandatory in order to produce 
what the market requires. For example, concrete reinforcement steels as used in the building 
industry are regarded as an “off the shelf” commodity which can be sold into the building 
industry. 
 
Some of the advantages of Mini Steel Mills are: 
 

 Production can be easily adjusted to market conditions 
 Production volumes can be tailored to individual orders 
 Can be easily shut down and re started 
 Easier control of emissions 
 Easier environmental compliance 
 Smaller workforce and more efficient utilization and scheduling of this workforce 
 Flexible operating modes 
 Capacities range from 300,000 tons to 1.2 million tons per year 
 Easier control of financially optimised production levels 
 Flexibility in the raw material (scrap) pricing which can be re-negotiated quarterly  
 Raw material stock levels can be controlled in terms of costs and volumes 
 Low or almost zero completed product inventory levels 
 It can economically produce premium products at premium margins 

 
One of the most important advantages of Mini Steel Mills, is that it can produce custom quantities 
of premium quality long life, critical application steels or special alloy steels for vertical applications for 
example ball bearing steels (T8) or steels used in the aircraft of nuclear industries (T4).  
 
It should be noted that Mini Steel Mills are not in a crisis and are generally not for sale. There has been a 
trend over the past number of years to “outsource” the production of Integrated Steel Mills to cheaper 
manufacturing environments outside the U.S. and Europe. 
 
A very strong trend has also emerged however, to retain and not outsource operations (such as Mini 
Steel Works) where the production has a high technology component or the end products rely on special 
processes or Intellectual Property.  
 
It can be safely concluded that Integrated Steel manufacturing is a mass production, large capacity 
process with relatively small Intellectual Property content based on known and standard production 
methods.  
 
Mini Steel Mills  can have, and do have high I.P. content and also provide a scope for continual product 
development.  
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5.  History of the Applications 
 
 The above steel types were supplied primarily for vehicle manufacturing and industrial 
applications.  
Highly specialized “special order” steels were manufactured during the period 1970 to 
approximately 1987. These special production runs amounted to approximately 40,000 tons -
60,000 tons per year.  
The ongoing research and development work which resulted in the eventual manufacture special 
high quality steels was carried out during this period and there were no financial constraints or 
resource constraints placed on the research. 
 
Astra has been advised that this “no cost spared”  R & D carried out during manufacturing, is and 
has been financially impossible in any steel mill. The fact that research was not constrained in any 
way, explains how the “process” was developed.  
 
During 1982-1983 special components were manufactured in secret for technical reasons, for the 
upgrade of a nuclear reactor.  
 
The steel type was specially developed within the family of low carbon, inter crystalline corrosion 
free steels.  
 
                                              Internal use          “Special” Export    Total Production            

                        
                 Table -2  Export information covering “special” steels 2001-2004 (in tons) 
             
 

The industrial applications included amongst others, low carbon content stainless steels,  
non alloyed construction steels, case hardened alloyed steels and ball bearing steels. The IP 
which has been signed over to Astra covers various "families" of steels which are a subset of the 
individual "premium" grade steels. The physical properties and manufacturing processes are 
covered within the IP and other documentation.  
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                         Steel Type (by code)                             Customer 
 

         

 
                  
                  Table – 3  Order information showing some of the “special” steel orders  
                                  1980-2004 
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6.  Basic Theory of the Alloying Process 
 
 
The technology involves activator mixtures (alloys) and how these components improve the 
metallurgical properties of the end steel product.  The value of the various steels is determined 
mostly by its metallurgical properties, such as stress tolerance, deformation, brittleness, fatigue 
limits, weldability and wear resistance.  
 
One of the most important properties of steel is the ability to withstand increased stress without a 
permanent deformation. The maximum stress which can be applied without deformation 
determines the load rating and the eventual weight of the structures in the applications. Different 
methods are available for improving the property of steel by the addition of certain alloys or by 
heat treatment.  
 
During the alloying process the crystal structure undergoes changes such as the orientation of 
single crystals within the lattice structure. During the application of the steel end product, such as 
load stress the crystal structure undergoes a permanent deformation. This load stress is up to 800 
times lower than the theoretical value of the lattice force. These “opposing” forces then are able to 
hinder further crystal dislocations, thus increasing the strength. This improvement in strength is 
manifested in the thermal and elastic properties of steel.  
 
The objective of the alloying process is to provide an “activator” function for a metallurgical method 
for increasing the strength and other properties of steel, whilst maintaining the abovementioned 
elastic (i.e. less brittle) properties. The activator mixture (which comprises of various alloys) is 
added in various quantities at certain stages of the manufacture.  
 
The alloying operation ensures optimal physical, chemical and metallurgical conditions, which in 
turn determines the above mentioned properties. The aim is to considerably increase for example 
the strength and at the same time increase the ratio of the theoretical lattice forces, which 
determine the load bearing properties.   
 
The process increases the crystallization ability and also has an effect on the period of 
solidification. During the crystallization cycle and in part due to the primary grain size of the alloys 
used the conditions for the re-crystallization are considerably improved.  
 
Thereafter, the alloy proportion in accordance with the process establish conditions in course of 
solidification and recrystallization, which are considerably increasing dissolving activity of the 
single elements built in by interstition and thus soluble quantity thereof, and so number of the 
prestressed lattices and extend of their stressed state.  
 
Prestressing of the lattices by interstition increases intensely number of produced dislocations, 
which are partly promoting, partly determining the formation of the segregations for hindering their 
displacement.  
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7.  T-Steel Test Manufacturing 
 
 
The test manufacturing operations for T-Steel were conducted during the early part of 2012.   
 
The tests were carried out on a number of variations under a ‘worst case’ scenario in order to 
simulate an extremely poor plant infrastructure.  For example, the process included higher than 
normal slag levels and a lack of vacuum technology. 
 
The aim was to show that an average or below average plant would be able to produce a much 
improved quality steel. In order to safeguard the IP owned by Astra, the test manufacturing was 
carried out under very high security. 
 
The test procedure and all related original documentation, including the Independent Technical 
Expert’s Report is held by Astra and it is secured under a similar arrangement as the I.P. 
documents. 
 
The product stratification of the T2 (St 52-3 KG) type steels correspond to the traditional St 52-3 
reinforcement steels. 
 
The results achieved during the test manufacturing showed that the combination of the actual 
physical process, and that of the metallurgical technologies as detailed in the IP, was able to 
produce substantially improved results in both the physical characteristics and emissions. 
 
 
From the application point of view, the most important parameters were the increased yield and 
tensile strength and the weld ability.  Good weld ability characteristics were identified by steel 
industry representatives as being critical for the applications and thus to the market. 
 
The other important parameter of the steel is its resistance against brittle fracture (Rp02 /Rm). The 
higher the value for this ratio the higher is the ability of the resistance against brittle fracture of the 
tested material. 
 
Testing was carried out by the independent SGS accredited METALCONTROL labs. The quality 
control management and testing procedure is based on the MSZ EN ISO/IEC 17025: 2001 
standards.  
 
 

Improved yield strength 26.6 % 
Improved tensile strength (Rm) 12.3% 
Improved resistance against brittle fracture 10.9% 

 
                                                     Table -1 
 
The advantages of T-Steel, even in its lower stratifications are clearly shown by the above 
parameters; durability and special structural properties. In industries such as the automotive and 
mining industry machinery, the above improvement in yield strength without compromising weld 
ability as shown in Table 1. 
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Table -2 
 
The question of CO2  emissions, has also become a critical issue both in terms of environmental 
impact and financial considerations. Base measurements and calculations completed during the 
testing showed that worthwhile reductions can be achieved from the manufacturing process, 
alone.  
It was also concluded that the emissions produced during the manufacture of the premium 
category T-Steels (T4-T9 for example) will also be correspondingly less.  
 
The cumulative test results were calculated on a number of variations and under a “worst case” 
scenario and have clearly shown that the improvement in physical and mechanical properties 
came alongside the reduced CO2  emissions, as shown in Table -2. 
 
 
The test results consisted of comparison between the T2 (St 52 - 3 KG) and the standard  
St 52-3 A  (DIN 17100, EN 10025-1 2007) as manufactured by a leading European steel 
manufacturer as shown in Table - 3 . 
 

 

 
 
                                                                     Table - 3 
 
 
In terms of the proposed commercialization of T-Steel, as outlined in confidential marketing 
information memorandums written by a leading international consulting company  in September 
2011, a number of criteria were highlighted in terms of the market requirements and advantages. 
This is summarised in Table - 4 
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Table - 4 
 
One example of the Market Expectations versus the Test Manufacturing results is clearly shown in 
the case of the passenger vehicle industry. The average passenger vehicle weighing one tonne 
contains 60% - 80% steel. Even if the above cumulative improvements are reduced to 10%, this 
would translate into almost a 10% saving for the vehicle in terms of manufacturing and carbon 
footprint.  
 
The vehicle industry is striving towards lighter vehicles and lighter and smaller engines which 
produce similar or higher power outputs. One of the world’s leading suppliers of steel to the 
automotive industry has confirmed that better quality, high weldability and stronger steels are 
required in order to produce smaller engines and more fuel efficient cars. These requirements also 
translate into a need for cost effective manufacturing methods so that the price of the steel used 
does not contribute towards increased manufacturing costs.  
 
The improvements in the characteristics of T-Steel over standard steel types are substantial, with 
a proven commercial history, and will provide significant economic benefits for steel plants where the 
technology is introduced.  These improvements are shown in Table – 3. 
 
The Independent Expert’s report acknowledges that the demand is increasing for economically 
produced high strength and high yield strength steels.  
 
Dr Ender points out that the reason for this increasing demand is the result for the need in the 
reduction in mass of the steel structures and machinery, without reducing the lifecycle.  
 
The report also states that “Additional improvement can be reached by” the application of other 
standard technical procedures such as injection technology and closed continuous casting 
methods.  
 
This translates into an improvement of at least 10%  - 15% above the current results when the 
technology is applied in a relatively standard factory which already has the infrastructure for the 
above technologies. The report concluded that in a higher quality manufacturing environment even 
further improvements are able to be made, but in the interests of “worst case” critical reality, Dr 
Ender choose to leave the calculated figures at 15%. The developers have stated that in an 
appropriate standard manufacturing environment, the improvements over and above the current 
results can be in excess of 25%.  
 
Advantages can also be gained by improved application of ladle technologies, closed casting and 
specific temperature control methods during the operations. 
 
Dr Ender also notes that during the current tests, the amounts of micro alloying components were 
not at their highest level, therefore extrapolated increases in the quantity of micro alloying 
components of the magnitude 0.03% - 0.55% would result in even higher strength. 
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Applications for the T-steel technologies include: 
 

 steel structures 
 pipes 
 ferroconcrete structures 
 automotive and aquatic vehicles industries 
 high buildings, towers, aerial ropeway, column-crane etc. 

 
The report also concludes that the “product of the detailed T–2 technology (pilot manufacturing) 
has better mechanical characteristics such as strength, yield, stiffness and resistance against 
brittle fracture than the product made by the traditional technologies. Therefore the mass of the 
structure can be reduced for the same application. 
 
The T-Steel technology is based on a number of enhancements to the actual steel manufacturing 
process. The manufacturing technology involves highly accurate and exactly defined parameters 
which are applied in conjunction with micro alloying technologies during the manufacturing run.   
 
The methodology was developed and tested in over thirty years of actual manufacturing. 
The results achieved during the test manufacturing, showed that the combination of the actual 
physical process and that of the metallurgical technologies as detailed in the IP, was able to 
produce substantially improved results both in the physical characteristics and emissions. 
 
 
Summary: 
 

 The test runs outlined in this document resulted in properties far exceeding what was 
assumed in technology valuations previously reported.  

 
 The most important parameters were the increased yield and tensile strength and the 

improved weldability, with the latter identified by steel industry representatives as being 
critical for the applications and thus to the market. 

 
 Industries such as the automotive and mining industry machinery will benefit largely from 

the improvement in yield strength, without compromising weld ability. 

 
 The gains translate into cost effective manufacturing methods so that the price of the steel 

used does not contribute towards increased manufacturing costs  
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8.  T-Steel Comparison Table 
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NOTE: 
The standard steel types in column 3, are the universally accepted standards and documented steel types, 
against which the “equivalent” T-Type steel is compared. These “standard” steel types also contain a much 
larger subset of the “family” and this subset is included in the IP Documentation. The comparisons are 
extremely conservative, because the standard steel types are shown on a “best case” comparison. It can be 
assumed that in general, the properties of standard manufactured steel types are below that of the values 
shown, thus making T-Steel even more favourable in terms of improved characteristics  CO
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9.  T-Steel Production – Technological Matrix 
 

 
 
The technological matrix summarizes the secondary metallurgical treatment processes of the 
production technologies of high-tech T1-T9 steels. The processes which are crucial from a quality 
point of view are highlighted in yellow. 
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In this version of the matrix the items highlighted in yellow have the same meaning as in the previous table, whereas the 
items that require special equipment are highlighted in red. This matrix is useful in deciding which steelworks are 
suitable for the production of certain steel types. 
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Independent Technical Expert     (“Competent Person”) 

 Emeritus Professor  Otto Farkas Dr. Dr.Hc. DSc. 
 
  

2000-         : professor emeritus; education, scientific investigations 
                     University of Miskolc; 3515 Miskolc Hungary: state institution 
1975-2000 : university professor; University of Miskolc, Department of Iron metallurgy 
1965-1975 : associate professor                             -  " – 
1957-1966 : assistant principal                                -  " – 
1952-1957 : assistant professor                               -  " – 
 
1994-1997 : rector of the University of Miskolc 
1986-1994 : pro-rector of the University of Miskolc 
1984-1986 : dean of the Faculty of Metallurgy of the University of Miskolc 
1987-1995 : director of the Institute of Metallurgy of the University of Miskolc 
1987-1995 . head of the Department  of Iron metallurgy of the University of Miskolc 
1956-1957 : engineer, iron metallurgy at Lenin Steel Works (DAM)  
 

   1973-1979 : Doctor of Technical Sciences (DSc) 
                       Thermodynamic and kinetic reduction of iron oxides, 
                       Physical and metallurgical utilization of gas in the blast furnace, 
                       Determination of coke / natural gas substitution ratio and the optimal quantity of natural   
                       Gas in the blast furnace. 
                       Hungarian Academy of Science 
 
  1966-1979 : Candidate of Technical Science (CSc, PhD) 
                       Chemical metallurgy, Iron metallurgy, Blast furnace technology, chemical and physical 
                       properties of iron metallurgical slags; 
                       Study on viscosity and desulfurization ability of blast furnace slags. 
                       Hungarian Academy of Science 
 
  1960-1963: Technical Doctor (Dr. Univ.) 
                       Chemical analysis, smelting technology, measure of slag viscosity; 
                       Determination the optimal composition of iron making slags containing Mg. 
                       Technical University of Heavy Industry Miskolc 
                        Postgraduate classification 
 
   1948-1952 : Certificated Iron metallurgical engineer (Highest Grade) 
                       Technical basis science and technological training. 
                        Technical University of Heavy Industry Sopron / Miskolc 
 

President of the Metallurgical Committee of Hungarian Academy of Sciences (1990-1996) and member (1970-          ) 
President of the Labour Committee of Hungarian Academy of Science in Miskolc (1990-1994) and member (1980-     ) 
Member of National Postgraduate Degree Granting Board (1988-1995) 
President of the Foundation on Technician for Metallurgy (1996-    ) 

  Co-president of Board of Supervision of Iron metallurgical Trust  in Borsod (1989-1991) 
 
Middle Cross of the Order of Hungarian Republic (1997) 
Foreign Member of Russian Academy of Natural Sciences (1996) 
Doctor Honorius Causa (2003, University of Miskolc) 
Honorary Counsellor of DUNAI VASM  (2010,Danube Ironworks) 
Honorary member of European Academy of Natural Sciences (2003) 
Knight of the Art and Science (2003 Russian Academy of Natural Sciences) 
Gábor Dénes Award (1994, Novofer Foundation for Technical and Intellectual Creation) 
Award Pro Universitate (1993, University of Miskolc) 
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Supervising Expert Consultant 
 
Dipl.-Min. Dr. rer.nat. Alfred Ender  
 
Senior Metallurgist: ThyssenKrupp Steel Europe, Steelworks Division 
Department of Quality and Process Technology,  D-47199 Duisburg, 
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Dr. Dr. Hc. FARKAS Ottó                                                                                                                          
metallurgical engineer  
professor emeritus  
University of Miskolc  
Hungary  

 
 
 

EXPERT OPINION 
 
 
 

on the LEADING SUMMARY of the study entitled  
 
 

„An independent technical expert report on the preparation of the production of T-
Steel steels”  

 
 
 

Written by: Dr. Dr. Hc. Ottó Farkas professor emeritus 
 
 

6 January 2011. 
 
 
 
 

EXPERT OPINION 
 
 

on the LEADING SUMMARY of the study entitled „An independent technical expert report on the 
preparation of the production of T-Steel steels”  

 
Written by: Dr. Dr. Hc. Ottó Farkas professor emeritus 

 
The leading summary of the report of the title above contains a synopsis of the results of a research into the 
preparation of the production of T-Steel types T1-T9 steels The preparation includes thorough testing, 
analysing and evaluating the eligibility of the production technology, the possibilies of viability and the 
environmental and economic implications by an independent technical team of experts based on system 
theory.  
 
In order to compare traditional and T-Steel technologies, the experts conducting the tests thoroughly and 
professionally carried out the testing of such steel qualities that can well meet the requirements of longevity, 
good malleability, mechanical standards, life and property safety, corrosion resistance and acid resistance. 
By doing so they made an excellent job of covering the whole range of various, potential structure steel 
grade types that can meet the sometimes special requirements of industries using them. This significantly 
reinforces the reliability of the conclusions based on tests conducted in plants and according to business 
models.  
 
The spirit of the expert report is in line with the most modern approach which takes not the unit of steel mass 
as a base, but the marketing, raw material, energy and opertational costs and the environmental implications 
needed to produce a unit of steel in order to create a unit of mechanical, chemical and physical properties. 
As a result, the savings are proportionate to the decrease in the quantity of of steel types of better quality that 
are necessary to withstand a given exposure.  
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The  professionally  presented  results  of  the  test  are  conclusive  that  T-Steels  (T1-T9)  have  better  qualities  
compared to traditional steels, as the strength values measeured are generally and measurably bigger than the 
standard, the utilisable strength is also measurably bigger compared to that of traditional steels. It is very 
favourable that the CO2-emission can be  2.5-4 times smaller when using the T-Steel technology than with 
traditional steel making technologies. 
 
A further, outstanding quality of the report is the detailed presentation of the concrete production technology 
methods and by doing so it perfectly proves that the T-Steel technology can function very efficiently, based 
on its meeting the requirements.  
 
The description of how to apply the T-Steel technology, what the various steps and milestones are and where 
those connect, defines the concrete, operational background as well as the professional knowledge needed 
for the operation of the technological process.  
 
The complexity and thouroughness of the study is supported by the fact that it suggests the operation of an 
electric steel plant which does not work at the moment, but which can be installed and which already has the 
equipment necessary for the introduction of the T-Steel technology and which, if complemented with the 
option of ladle metallurgy and continuous casting, can be suitable for the implementation of the new 
technology and could be taken into possession. 
 
It can be ascertained that the independent Technical Expert Report and its Leading Summary conducted 
thorough, complex and extensive tests to examine the viability of the the T-Steel technology, and it presents 
the results of those tests with professional reliability to facilitate decision making, supporting the production 
of T-Steel steels instead of traditional ones.   
 
 
6 January 2011. 
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Application Notes - Primary and secondary metallurgical  
Treatment in the quality high-grade steel production technology. 

Dr Oszkár Grega & Dr László Kiss,  T-Steel Developers 
 
Separation of the primary and the secondary metallurgical treatments into different apparatus has widely opened the 
possibilities of the development of the high quality steel production technologies compare to the two-periodical, two-
slag practice (oxidizing + reducing) electric arc furnace. The secondary metallurgical treatments expanded the 
possibilities of the oxygen converter technologies, since its coupling give the possibility to produce medium or high 
alloyed quality steel which fulfil the higher quality requirements too. The ultra-high power (UHP) arc furnace and the 
oxygen converter function as a melting furnace and the fine processes are made in the secondary technological system. 
These two technological structures had been available for twenty years from the second part of the 1980’s. This period 
gave good opportunity to develop new modern and competitive production technologies of steel qualities for enhanced 
applications. 
 
The technological structure contained the most advanced ASEA-SKF ladle metallurgical processes. From the UHP the 
tapping steel goes into the non-magnetic steel sheath ladle. The ladle functions as a furnace from this point. The ladle is 
placed onto the induction mixing, the well closing cap placed on the ladle, than the ladle put in service under vacuum. 
The inductive mixing increases the efficiency of the vacuum-metallurgy. Under the vacuum – as it planted – the 
vacuum refining (VOD treatment) can be done too. 
 
Another accessory of the equipment is the three electrode furnace arch, which allows reheat-up the melted steel after 
feeding big amount of alloy. Across the porous bricks on the bottom of the ladle there are possibilities for argon 
agitation, blowing powder phase alloys and deoxidizer, and also feeding of powder filled wire. The flexibility of the 
equipment is outstanding. It is possible to keep the concentration of allows in a narrow range. And it results the 
production of the high-graded steel. 
 
The many experience have been accumulated during twenty years. It allows us to conclude the technological process 
and record as an intellectual property which can be used in modern steelmaking plant with secondary metallurgical 
possibilities. 
 
The technology has three parts. The first part (T 01) covers the basic oxygen furnace converter technology. The second 
part (T 02) contains the detailed technological processes of the high power transformer (UHP) electric arc furnace very 
specialized to be able to assure melted steel in the required high quality. 
 
The third part (T 1 – T 9) consists of those technological processes of steel qualities which are the most merchantable 
beside of the high quality products according to our apprehension. 
 
This résumé contains those metallurgical bases which assures the best utilization of the ASEA-SKF technology 
 
The technical possibility of the steel-metallurgy based on the Second law of Thermodynamics: 
 

G =  H –T S             (1) 
 

where: 
G = thermodynamic free enthalpy changes 
H = free energy changes, 
S = entropy changes, 

  T = temperature 
 

Beside of the conditions of the steelmaking the equation (1) changes as it follows: 
 

            G = Go – RT ln K,               (2) 
 

In equilibrium                      Go = RT ln K                 (3) 
 
 

where: 
Go = thermodynamic normal free enthalpy changes, 

   K =  equilibrium constant of the reaction. 
 

The temperature dependence of the G° can be seen in Fig. 1. CO
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Fig. 1. Thermodynamic normal free enthalpy changes ( G°) vs. temperature  

 
 
The essence of this law is the probability of those reactions which have more negative G° than the FeO is higher 
under certain conditions during the steelmaking. This fundamental statement circumscribes the executions during the 
steelmaking technology. For example: 
 
 

o The alloys with less reaction activity than the ferrous (noble alloys) can be feed in the primary period too. 
o The alloys with more reaction activity than the ferrous (not noble alloys) can be feed only strongly deoxidized 

bath during the secondary period. 
o It is possible to deoxidizing carbon under vacuum 

 
Based on the above mentioned thermodynamics laws 
 
Based on the above mentioned thermodynamics lows the secondary metallurgical apparatuses assures possibility for the 
regulation of active oxygen level of melt bath therefore the final composition can be set between very strict intervals. 
 
The application of the vacuum gives possibility to set ultra low carbon contents and very few inclusions in the product. 
 
                                                      [C] + [O] = {CO}                   (4) 
 
Because of the formed gas component, the changes of the pressure above the reaction volume can shift the reaction into 
right. The equilibrium constant of the reaction on 1600°C and normal pressure: 
 

, 
 

Therefore the equilibrium C-O concentrations are changes as it can be seen in Figure 2. 
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Fig. 2. Concentration of the [C] and [O] as a function of the presser of the gas phase above the bath 

 
 
 
Technological possibilities based on Fig. 2. 
 

o Steel with ultra low (below 0.01%) carbon content can be produced beside of low solved oxygen content in 
high vacuum (below 0.01 bar). 

o The adequate peroxidation level of the bath can be assured by carbon peroxidation too if the carbon content of 
the bath is used for the peroxidation beside of adequate vacuum level. In this case very pure and inclusion free 
product can be achieved. 

 
The secondary metallurgical apparatuses and especially the ASEA-SKF ladle give several possibilities for the 
steelmakers based on the explained thermodynamics lows. In the ordinary practice these possibilities are used in case of 
the general technology and the development of nine high-grade steels. In the beginning practical experience gained 
only from the oxygen converter – ladle metallurgy and later the UHP – ladle metallurgy therefore the specifications 
starts from the tapping melt from the UHP furnace but necessarily also valid for converter steel. 
 
 
T 01. General technological description of powerful electric arc furnace  
 
The technological description contains the general description of technological processes in a modern UHP arc furnace, 
and of the connected safety regulations (valid for all charges). 
 
 
T 02. General technological description of basic oxygen steelmaking 
 
The technological description contains the technological processes of basic oxygen steelmaking with modern blasting 
and flue-gas channel system, completed with necessary connected activities. 
 
The international standards summarize steels based on steel grades and application fields. Based on these standards 
during twenty years the technology of 25 steel grade group occurred. Based on this the production technology of the 
nine „principal grades” that are the most characteristic for the groups were completed, their short description is the 
following: 
 
 

T 1. The production technology of general purpose unalloyed constructional steel   
 
The continuous casting (FAM) technology (RSt 37-2 type) that ensures an outstanding quality can be carried out in two 
different, unrelated ways based on the method of casting: 
 

a.) EAF  Arinj
  Al = Ø  Tapping  FAMopen casting 

            b.)       EAF  secondary treatment: Al = 0,02 – 0,04 %  FAMclosedcasting 
 
In case of a.) the production can be carried out directly from the arc furnace (direct production), it is an open system 
(without safety of reoxidation) with continuous casting.  
In case of b.) the finishing occur with ladle-metallurgical treatment, with continuous casting using safety of reoxidation. 
This method is especially advantageous, if there is a material economy requirement with ensuring increased strength 
and good weldability. 
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T 2.  Production technology of high technology very high yield strength, good weldable ST 52-3 steel 
 
To achieve the high-tech quality the micro alloying technology was developed. The production of fine grain, increased 
yield strength, good weldable steels can be carried out in two technological ways: 
 
 

a.) EAF  secondary treatment (heating + Arinjection + powder-core micro alloying)  FAMclosed casting,) 
 

To achieve the high technical quality the b.) method can be applied:  
 

b.) EAF  combined secondary treatment (heating + vacuum + Arinjection +   powder-core microalloying) 
   FAMclosed casting. 

 
With the developed process very high tensile strength (near 1000 N/mm2) and advantageous Rm/ReH ratio (~ 0,85) can 
be achieved. 
 
 
T 3.  Production technology of case-hardening, high technology quality, boron microalloyed, stricted Jominy-band, 

20MnCrS4B KG steel 
 
By planning of the production technology difficulty occurs because of the high affinity of boron to oxygen and 
nitrogen, before alloying accurate dezoxidation and degasification is necessary. A schematic illustration of this 
procedure is shown in Figure 3., at which due to the appropriate secondary treatment (synthetic slag forming, 
deoxidation, vacuum, S and B micro alloying) the small quenching band, shown in Figure 4., could be achieved. 
 

 
Figure 3.Schematic illustration of the production 

technology 

 
 
 

Figure 4. Narrow Jominy-band achieved by boric 
micro allying 

 
 

T 4. The production technology of „premium grade” toughening steel of outstanding quality 
 
The technology shows the production of a sulphur micro-alloyed steel which is better quality than the standard special 
quality, narrow Jominy band steels. This production requires the below technological route:  
 

UHP  Combined ladle metallurgy (heating + vacuuming + wire treatment)  continuous (FAM) or/and 
ingot casting   Regulated  cooling of semifinished product 

 
 

From the results of re sulphuring method, represented in T4 technology, should be emphasized the technological 
operations for localising the „shell constriction” by continuous casting. 
 
 
T 5. Production technology of high technology quality high speed and machinability 9SMn36Bi KG steel 
 
There was more trial to replace the lead, which improved the machinability but harmful in viewpoint of safety of 
environment and health, the development of micro alloying technology with bismuth gave very good results. 
 
The production can be carried out in two technological ways: CO
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        a.) UHP  Ar injection  powder-core micro alloying S + Bi  Continuous casting 

 
b.) UHP  treatment in heating unit, finishing  powder-core micro alloying S + Bi  Continuous 

casting 
 

The high speed steel micro alloyed with Bi and S belongs to the category of difficult cast grades. The casting properties 
could be improved due to the developed and tested powder-core injection technology. 
 
 
T 6. Production technology of ELC specially low carbon content, high tech KO41 KGh steel grade 
 
The technology contains the VOD (vacuum oxygen decarburizing) production technology of specially low carbon 
content (C < 0,03%) 18/8 unstabilised corrosion resistant KO41 steel grade  
 
The essence of the procedure is to develop such a modified VOD procedure which is applicable to control the whole 
VOD process, with aiding the planned and applied secondary information system, and there with the assay of carbon at 
the balstend is possible. 
 
The advantage of the procedure is that the alloying content of steel waste can retrieved with 91 % energy efficiency. 
Further advantage is the possibility of production of new corrosion resistant and maraging steels. 
 
 
 
 
T 7. Production technology of high technology 38MnSiVS5 KG steel grade spring steel  
 
The springs made of unalloyed and low-alloy steels are integrant components of products of engineering-, vehicle-, 
instrument industry. It is a basic requirement to get back after load the original shape. Most often the low-alloy, 
tempering steel grades with middle carbon content are used, one of this group is the 28 MnSiVS5 steel grade. 
 
 
The production of spring steel: 
 

UHP  combined ladle metallurgy (heating + vacuum + powder code wire treatment: resulfuring)  
Continuous (FAM) closed casting   Controlled half-product recooling 
 

The load bearing spring structures of vehicles are made of 38MnSiVS5 steel grades. 
 
 
 
T 8. Production technology of very pure, long life, high technology grade 100Cr6 roller-bearing steel 
 
The roller-bearing steel belongs to the category of the highest quality of the common steel grades. 
To  achieve  this  very  pure  steel  quality  after  the  smelting  in  UHP  furnace  the  finishing  of  charge  has  to  be  under  
combined ladle metallurgy (heating + vacuum treatment + cleaning Ar rinsing). Because of the strict requirement 
against the microstructure (carbide network, in-line form, segregation) the cast semifinished product can be rolled only 
after the diffusion annealing + maintaining at the requisite temperature technological steps. 
 
 
 
T 9.  The production technology of high technology R6 tool-and high speed steels 
 
High speed steels are very expensive powerful tool steels. Their advantage is the application in case of cutting with 
high speed, made of high speed or heat treated high speed materials. 
 
The production of high speed steels is carried out in general in small or middle sized electric-arc furnace using metal 
retrieved over melted procedure. To achieve a more homogeneous carbide distribution in the microstructure electro-
slag remelting technology is also used. 
 

*** 
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