
TOOLS FOR THE DEVELOPMENT OF ALLOY DESIGNS 

FOR HOT ROLLED FLAT STEEL PRODUCTS

Antonio Augusto Gorni – Consultant

Marcelo Arantes Rebellato – Rolling Mill Solutions

Danilo Di Napoli Guzela – Consultant



Description of ADO

• Alloy Design Optimizer (a.k.a. ADO) is an Excel application developed
by CBMM that allows the comparison between real and proposed
alloy designs of Nb microalloyed steels.

• It was developed to optimize both chemical composition, as well as
the corresponding process parameters, in order to minimize alloy
costs while keeping or even upgrading product performance.



Description of ADO



Description of ADO

• ADO has an internal mathematical model for the prediction of
mechanical properties of microalloyed steels.

• To obtain the best results, this mathematical model must be
developed for each hot flat rolling line under analysis.

• Its development is relatively easy, through statistical analysis of
massive sets of chemical composition and process data of the line
being analysed, together with the respective results of mechanical
properties.



Description of ADO

• An example of such model was developed by former British Steel:

BEAVERSTOCK, R.C. et al. International Rolling Conference, Paris, 2006.



ADO Components

• Calculator: this is the main spreadsheet, where data about steel
chemical composition and rolling process is input; results are output
here as well.

• User Notes: brief information about ADO functions.

• Model Limits: show the validity ranges of the alloy contents and hot
rolling process parameters which are specific for the specific model
included at an ADO version.

• References: public literature used in the development of ADO.

• Alloy Cost Simulator: info about ferroalloys (price, recovery, and so
on) must be input here, as they will be used to calculate the total
alloy costs. Generally common users do not need to deal with this
info.



Preparing ADO for Use

• The mathematical model used by ADO to calculate the mechanical
properties is interchangeable and programmed in Visual Basic
Application language.

• To achieve maximum precision and relevance, it is strongly
recommended that, before using ADO to analyze the performance of
the products of a given rolling line, a specific mathematical model is
developed to calculate mechanical properties for that line and the
type of products considered – that is, structural.



Data Input/Output

• This is usually done through statistical analysis of huge and detailed
data sets including chemical composition, process parameters and
the corresponding mechanical properties from the same line being
analyzed.

• The use of models available from literature is also possible, but
generally they not perform so well as customized models specially
developed for the line being analysed.

• Information about characteristics and prices of ferroalloys must be
previously input in the corresponding spreadsheet. This data is
incorporated to ADO and must supplied again only if there is any
change in this information.



Data Input/Output

• ADO requires the following data:
• Thickness of slab and final plate;

• Chemical composition of steel;

• Hot rolling process parameters (in function of the model being used);

• Ferro-alloy costs (optional).

• ADO generates the following information:
• Relevant metallurgical process parameters;

• Mechanical properties of the finished plate (generally yield/tensile strength);

• Alloy costs, according to the chemical composition being used.

• Color of the spreadsheet cells indicates data priority:
• Green: mandatory input data;

• Blue: optional input data;

• Yellow: output of the results calculated by ADO.



Data Input

• The Calculator Low Mn spreadsheet of ADO has the following
sections:
• Material: input of slab/plate thicknesses;

• Alloy Design: input of steel chemical composition;

• Weldability and Perictetic Range: output of relevant parameters for slab
casting and plate application, calculated from its chemical composition;

• Furnace Temperatures: input of slab reheating temperature and output of Nb
dissolution temperature.

• Rolling Process Temperatures: input of hot rolling process temperatures and
output of austenite critical temperatures;

• Cooling Temperatures: input of accelerated cooling data (if used);

• Comparable Properties with Reduced Costs: input of actual plate mechanical
properties (if available), output of their predicted values according to the
current model and output of the calculated costs.



A Detailed View of ADO Features

• The Material Section - Input of slab/plate geometric data
• In this specific case, three pairs of options are being evaluated.

• Note that, in this specific case, data about slab/final plate thicknesses is not
required and their cells are blue. But this depends on the model currently
being used by ADO. Generally such information is mandatory.



A Detailed View of ADO Features

• The Alloy Design Section - Input of chemical composition
• In this specific case only the input of Mn and Nb contents is mandatory (green

cells), as the model currently used by this ADO version does not require
further data.

• Some numbers are in red color. This is a warning, because ADO has already
run and identified that these values extrapolated the valid range of the
current model, according to data in the Model Limits spreadsheet.



A Detailed View of ADO Features

• The Weldability and Peritectic Range Section – Output of quality parameters
• Parameters calculated by ADO (yellow cells).

• Weldability Evaluation using Carbon Equivalent formulas: Ceq and Pcm;

• Hot Ductility: Mn/S ratio, minimum Mn amount in steel to avoid plate cracking during
hot rolling;

• Peritectic Criticality: the mold temperature standard deviation must be as low as
possible in order to minimize slab cracking due to peritectic transformation.



A Detailed View of ADO Features

• The Furnace Temperatures Section – Slab reheating data
• Input of slab discharge temperature (not mandatory in this specific case).
• Output of Nb full dissolution temperature calculated by Irvine equation.



A Detailed View of ADO Features

• The Rolling Process Temperatures Section
• Input and output of selected rolling parameters.

• Data input not mandatory in this case, as current model is excessively simplified.

• Output of maximum temperature for holding phase start of TMCP (RLT).

• Output of maximum temperature for finishing phase start of TMCP (RST).

• Output of minimum temperature for austenitic rolling (Ar3).



A Detailed View of ADO Features

• The Cooling Temperatures Section – Accelerated Cooling
• No data input is required here in this specific version, as the current ADO

version does not consider the effect of accelerated cooling after rolling.



A Detailed View of ADO Features

• The Comparable Properties with Reduced Costs Section – Final Results
• Input of real plate mechanical properties (only for comparison).

• Output the predicted mechanical properties calculated by ADO.

• Output of alloy costs, allowing a comparison between the two proposals.

• Mechanical properties calculations are halted if Nb amount is beyond model
validity range; a special warning (Nb High!) is issued in red, as seen below.



Eco ULNb

• This application calculates the
impact of alloy design on
secondary refining operations,
as well in the Global Warming
Potential (GWP).

• The table at right shows the
consequences from the partial
substitution of 0.5% Mn by
0.010% Nb:



This GWP reduction can be included in the Scope 3 of the figure below.

Eco ULNb



Conclusions

• The digital tools developed by CBMM, Alloy Design Optimization (ADO)
and ecoULNb, are helping to accelerate e make the process of
developing structural steel alloys more accurate.

• In this specific opportunity, these tools are supporting the effort of
creating more refined products with lower cost and carbon footprint
through the partial exchange of manganese for micro additions of
niobium.

• These applications are continuously being improved in order to cover,
with greater precision, a wider range of structural products.
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