Journal of Computational Analysis and Applications VOL. 30, NO. 2, 2022

10.48047/jocaaa.2024.30.02.34

A STUDY OF APPLICATIONS OF MATHEMATICAL
MODELLING IN FERROUS AND NON-FERROUS INDUSTRY
AREA

Ramakrishna Metri.
Asst. professor. Dept. of mathematics. Government Engineering college Huvina Hadagalli,
Bellary(dist)

Corresponding author: ramkrishna.metri@gmail.com,

Abstract: Mathematics is often referred to as the language of science. Mathematics is
used to solve many real-world problems in industry, physical sciences, life sciences,
economics, social and human sciences, engineering, and technology. Early project
management techniques included project evaluation and review techniques and the
critical path method. These are still used today to help manage large projects. Early
mathematics (computations, statistics, and accounting) has been applied to operations
problems in administration and in managing technical activities by public administrators,
engineers, and managers. The focus of this Study Applications of Mathematics modelling

in Ferrous and Non-Ferrous Industry Area.

INTRODUCTION

Throughout history, mathematics has been described in many ways. It is an
essential component of science and is utilized in nearly every area of human activity,
including the natural sciences, engineering, art, and economics. Merriam-Webster’s
dictionary defines mathematics as the science concerned with numbers and their
operations, relationships, combinations, generalizations, and abstractions. Similarly, the
Britannica Concise Encyclopedia describes mathematics as a “science of structure, order,
and relation that has evolved from counting, measuring, and describing the shapes of
objects.” It involves logical reasoning and quantitative analysis. Mathematics is a
requirement for most university degrees, and its significance in future careers cannot be
overstated. Students who neglect mathematics in high school and university miss out on
numerous career opportunities, effectively excluding themselves from more than half of

the job markets.

Mathematics is crucial for performing non-routine tasks, such as budgeting for

groceries and construction projects, to ensure accuracy in business forecasts. Indeed,
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there are numerous examples that highlight the presence of mathematics in all aspects of

our lives. Each branch of mathematics has distinct applications in various career paths.
Mathematical applications can be found in nature, technology, architecture, machinery,
the construction industry, banking, research, and cartography. There are fascinating
applications of genetics and mathematics in nature, where statistical methods are used for
hypothesis testing. Mathematics is used to create statistical descriptions of quantitative
relationships in this study. When analyzing research data, we require measures such as
the arithmetic mean, variance, and standard deviation. This study focuses on the role of
mathematics in human life, aiming to show that mathematics is not only foundational in
technical fields but also applicable in nature through specific mathematical theories.
Mathematics underpins the research methods. We aim to influence students’ career
choices and encourage them to pursue technical fields, which are more advantageous in

the job market.
INDUSTRIAL MATHEMATICS WITH APPLICATION

Industrial mathematics is a recognized discipline within the mathematical
sciences community. It encompasses all areas of manufacturing and services, including
business and engineering, and is a subset of applied mathematics. While applied
mathematics can cover theoretical subjects from fields like physics, biology, economics,
and computer science, industrial mathematics specifically addresses issues that emerge
in industry, aiming to devise solutions that are pertinent and cost-effective. Applied
mathematics has historically led to significant breakthroughs and the emergence of new
fields. The formulation of mathematical and statistical models, along with the creation of
numerical methods or algorithms for computers to solve industrial problems, is known as
industrial mathematical sciences or simply industrial mathematics. There is a rising
demand for individuals with mathematical training who can transition into business and
industry roles. Various reports and studies by professional organizations indicate a
growing need in the workforce for mathematics graduates equipped with practical skills

to collaborate with managers, engineers, and similar professionals.

Industrial mathematics is a field with a peculiar case of double invisibility in
academia. In academic circles, it is often overlooked because few academic
mathematicians are involved in solving industrial problems. Research in industrial

mathematics may not appear in conventional research journals, often because companies
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conducting the research prefer not to publish it. Some companies support publication,

while others do not, due to differing policies; consequently, advisors of graduates
entering industry may not monitor them as closely as those who remain in academia. In
the business world, industrial mathematics is often not recognized as "mathematics." It is

nn

referred to as "analytics," "modeling," or simply "research." The credit for mathematical
advancements may be attributed to "information technology" when it should rightly go

to those who utilize the technology and determine how to apply it effectively.

Industrial mathematics is a field that bridges multiple disciplines, integrating
aspects of business, computer science, and engineering alongside mathematics. It
prepares students to apply mathematical analysis to solve problems in these areas. An
industrial mathematician is equipped with strong analytical and problem-solving skills,
rooted in computing, mathematics, statistics, and basic sciences. Additionally, industrial
mathematics emphasizes the importance of communication skills, both written and
verbal, as well as teamwork—abilities that are highly valued in the industry but often
lacking in traditional mathematics curricula. These skills are essential for graduates to
work effectively with colleagues who may not have a strong mathematical foundation,
making them a crucial part of industrial mathematics education. As industries become
more complex and advanced, there is a growing need for professionals who can
understand technical challenges, create accurate mathematical models, implement
solutions using the latest computer technologies, and convey these ideas to colleagues,
such as managers and engineers. Industrial mathematicians can find opportunities in
various fields, including signal processing, computer graphics, risk management, system
reliability, software testing and verification, database systems, production line
optimization, and marketing research. The manufacturing and service sectors have been
significantly transformed by the emergence of the knowledge economy. The availability
of fast and affordable computing, office products, and the development and use of large
databases have necessitated advanced methods to tackle new challenges. Industrial

mathematics is vital in facilitating the development and implementation of these methods.

Each branch of mathematics offers distinct applications across different career
paths. For example, algebra is beneficial in computer science, cryptology, networking,
and the study of symmetry in chemistry and physics. Calculus, especially differential
equations, is applied in chemistry, biology, physics, engineering, fluid dynamics, rocket

science, molecular structure, and option pricing in business and economics. Furthermore,
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pursuing courses in physical sciences (chemistry, physics, engineering), life and health

sciences (biology, psychology, pharmacy, nursing, optometry), social sciences (including
anthropology, communications, economics, linguistics, education, geography),
technology sciences (such as computer science, networking, software development),
business and commerce, medicine, or actuarial sciences used by insurance companies
requires a solid understanding of mathematics to ensure progress. In professional and
occupational settings, mathematics is integral to the daily administrative tasks of
management officials. For instance, the head of a container terminal at a shipping port
must assess yard space using capacity theory and linear programming for resource
allocation before accepting containers with various cargo types. An insurance company
must perform actuarial calculations before determining claim payments, and a marriage
counselor needs some knowledge of statistical rank correlation studies and Mendelian
blood group mathematics to scientifically prepare couples to understand their

compatibilities, among other examples.

Mathematical Area Application

Algebra and number theory Cryptography

Computational fluid dynamics | Aircraft and automobile design

Differential equations Aerodynamics, porous media, finance

Discrete mathematics Communication and information security

Formal Systems and logic Computer security, verification

Geometry Computer-aided engineering and design
Nonlinear control Operation of mechanical and electrical systems
Numerical analysis Essentially all applications

Optimization Asset allocation, shape and system design
Parallel algorithms Weath modelling and prediction, crash simulation
Statistic Design of experiments, analysis of large data sets
Stochastic processes Signal analysis
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PARAMETERS AND VARIABLES USED IN FERROUS AND NON-FERROUS
METALS PROCESSING MODELS:

When it comes to processing ferrous and non-ferrous metals, industries monitor a wide array
of parameters to ensure efficiency, quality, and safety. Here's a comprehensive breakdown:

Type of model

Description

Empirical Models

Empirical models are derived from experimental data and observations.
They illustrate the connections between variables without explicitly
addressing the fundamental physical or mechanistic principles. These
models are frequently employed when the underlying mechanisms are
not well comprehended or when formulating precise mathematical
equations proves challenging.

Mechanistic Models

Mechanistic models rely on core principles and the physical laws that
dictate the system being modeled. These models employ mathematical
equations to depict the interactions between variables and to simulate
the system's behavior.

Deterministic Models

Deterministic models assume that the future behaviour of the system
can be precisely determined given the initial conditions and parameters
of the model. These models use a set of mathematical equations to
represent the relationships between variables and provide a
deterministic prediction of system behaviour over time.

Stochastic Models

Stochastic models incorporate randomness or uncertainty into the
model's parameters or initial conditions. These models take into
account the probabilistic nature of the system and use techniques such
as probability distributions or Monte Carlo simulations to estimate the
range of possible outcomes.

Statistical Models

Statistical models are used to analyze and describe relationships
between variables based on observed data. Statistical models are
commonly used in data analysis, regression analysis, and hypothesis
testing.

Optimization Models

Optimization models are used to determine the optimal values of
decision variables that maximize or minimize an objective function
while satisfying a set of constraints. These models help in optimizing
process parameters, resource allocation, or system design.
Optimization models use mathematical techniques such as linear
programming, nonlinear programming, or integer programming.

Simulation Models

Simulation models are used to replicate the behaviour of a real-world
system by creating a computer-based model. These models incorporate
mathematical equations and algorithms to simulate the processes,
interactions, and dynamics of the system over time. Simulation models
are often used to study complex systems, evaluate different scenarios,
and understand the implications of various decisions.
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TECHNICAL PROCESSING PARAMETERS.

These are essential for shaping, treating, and refining metals:

Temperature Control

Crucial for melting, casting, forging, and heat treatment.

Cooling Rate

Affects grain structure and mechanical properties.

Pressure & Force

Used in forging, extrusion, and rolling operations.

Atmosphere Composition

In heat treatment (e.g., inert gases to prevent oxidation).

Time Duration

For annealing, tempering, and other thermal processes.

Lubrication & Coolants
machining.

Reduce wear and improve surface finish during

MATERIAL-SPECIFIC VARIABLES.

Variable Ferrous Metals

Non-Ferrous Metals

Base Composition Iron-based (e.g., steel, cast iron)

Aluminum, Copper, Zinc,

etc.
. . . Lower (e.g., aluminum
Melting Point Higher (e.g., steel ~1370°C)
~660°C)
Oxidation Tendency Higl.l (requires  protective Lower‘ (nat.urally more
coatings) corrosion-resistant)

Magnetic Properties | Often magnetic

Non-magnetic

Machinability Moderate to difficult

Generally easier

INDUSTRIAL & OPERATIONAL VARIABLES.

These influence production planning and sustainability:

Energy Consumption

Varies by metal type and process intensity.

Waste & Scrap Rate

Important for cost and environmental impact.

Tool Wear

Depends on hardness and abrasiveness of the metal.

Emission Levels

Especially in smelting and casting operations.

Automation & Control Systems

PLCs, SCADA for real-time monitoring.

ECONOMIC & MARKET VARIABLES.

Raw Material Availability

Influences cost and sourcing strategy.

Demand Trends

Driven by sectors like automotive, aerospace, and

electronics.
Recyclability Non-ferrous metals are often more recyclable.
Regulatory Compliance Environmental and safety standards.
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A COMPREHENSIVE LIST OF MATHEMATICAL MODELING TECHNIQUES USED

ACROSS VARIOUS STAGES

OF FERROUS AND NON-FERROUS METALS

EXTRACTION AND PROCESSING OPERATIONS:

CORE MODELING AREAS IN METAL EXTRACTION

Process Stage

Modeling Focus Areas

Mineral Beneficiation

Froth flotation kinetics, grinding circuit simulation, hydro
cyclone modeling

Leaching & Hydrometallurgy

Mass transfer, reaction kinetics, Pachuca tank
hydrodynamics

Pyrometallurgy

Heat transfer, fluid flow, slag-metal separation,
magnetohydrodynamics

Electrorefining & Electrolysis

Current distribution, ion transport, cell voltage modeling

Blast Furnace Operations

Multiphase flow (gas-liquid-solid), thermal behavior,
freezeline prediction

Converter & Refining Vessels

Reaction kinetics, mixing phenomena, impurity removal
modeling

Casting & Solidification

Heat flow, phase transformation, microstructure evolution

Deformation Processing

Rolling, forging, extrusion—stress-strain modeling,
recrystallization kinetics

Waste Recycling

Thermodynamic modeling, process optimization, slag
chemistry
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NON-FERROUS METALS

Mode

Area

Type of models

Heat
Transfer

of heat transfer

models in thermal processing

Applications

Heat conduction, convection, and
radiation equations

Fourier's Law Model, Newton's Law of
Cooling, Stefan-Boltzmann Law, Heat
Exchanger Models, Computational Fluid
Dynamics (CFD) Models, Finite Element
Method (FEM) Models and Analytical and
Empirical Models

Mass
Transfer

diffusion and Fick's laws in
modelling mass transfer

Fick's Law Model, Stefan-Maxwell Model,
Convective Mass Transfer Models, Mass
Transfer in Porous Media, Mass Transfer in
Chemical Reaction Models, Computational
Fluid Dynamics (CFD) Models, Empirical
and Semi-Empirical Models.

Fluid Flow

Equations for fluid flow in pipes,
channels, and porous media

Eulerian  Model, = Reynolds-Averaged
Navier-Stokes (RANS) Model, Large Eddy
Simulation (LES), Direct Numerical
Simulation (DNS),

Lattice  Boltzmann
Boundary  Element
Analytical Models

Method
Method

(LBM),
(BEM),

Reaction
Kinetics

Chemical reaction equations and
rate constants

Elementary Reaction Models, Rate Laws,
Arrhenius Equation, Reaction Mechanism
Models, Kinetics  Models,
Homogeneous and Heterogeneous Reaction
Models, Computational

Enzyme

Reaction Kinetics Models

Overview of Mathematical Modelling in Metallurgy

Mathematical modelling translates complex physical, chemical and thermal phenomena
into solvable equations, enabling engineers to predict process behaviour without
excessive trial-and-error.

It forms the backbone of process design, optimization and control across both extraction
and downstream processing stages.

Role in Metal Extraction

Ferrous Metal Extraction

Pyrometallurgical routes like blast furnaces rely on high-temperature reactions to reduce
iron oxides into metal. Modelling these reactions allows prediction of temperature
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profiles, phase equilibria and reduction kinetics, leading to optimized fuel use and
improved furnace performance.

Practical benefits include:

e Energy consumption forecasting

e Slag composition control

e Minimization of off-gas emissions
Non-Ferrous Metal Extraction

Non-ferrous extraction spans hydrometallurgy (aqueous leaching), electrometallurgy
(electrolysis) and pyrometallurgy. Mathematical models simulate ion-exchange, mass
transfer in leaching tanks and electrode reactions, guiding scale-up and reactor design.

Key advantages:
e Accurate leach-kinetics predictions
o Design of optimal reactor geometries

e Reduction of environmental footprint through better waste management

Role in Metal Processing Operations
Common Processing Operations

Metal-processing steps—casting, forging, forming, rolling, drawing, welding, machining
and cutting—each involve thermal, mechanical and microstructural evolution.
Mathematical modelling techniques such as finite element (FE), finite difference (FD)
and finite volume (FV) simulate these interdependent phenomena, enabling virtual trials
before plant implementation.

Conclusions

The following conclusions can be drawn from the mathematical modelling
e Mathematical models reduce reliance on costly, time-intensive experiments.

e They drive energy efficiency, lower emissions and improve overall process
sustainability.

e Cross-disciplinary integration of thermodynamics, kinetics and transport
phenomena accelerates innovation.

e Ongoing advances in computational power and algorithms continue to expand the
scope and fidelity of industrial metallurgical simulations.

e Cost and time savings by reducing pilot-plant trials

e Optimization of process parameters for uniform microstructure
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e Prediction of residual stresses and distortion

o Enhanced product quality and reproducibility
e Real-time model-based control systems in smelting and casting
o Digital twins for continuous monitoring of furnace operations

e Machine-learning integration with first-principles models for predictive
maintenance
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