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Preface 

The actual conditions in which science operates are directing the research towards 
utilitarianism. Almost every application for research project funding these days 
includes a question about the advisability of the planned research and the viability 
of its implementation. An important question, therefore, is: how do we analyse and 
value the development trends of thermo-chemical treatment in order to correctly 
identify those that are prospective? Meanwhile, it is difficult to assess contemporary 
development trends, influenced by the uneven balance of the vast scientific literature 
and the scarcity of sources concerning practical applications. The aim of this book is 
to present a structured, albeit simplified, picture of modern thermo-chemical treat-
ment to answer questions about the causes, relationships, and trends in this area of 
science. Cognition and explanation serve to understand the reality, and understanding 
is the ideal state: it allows you to optimise activities in the future without a widely 
conceived waste of time and resources. Tracing the development and attempting to 
bring together the scattered knowledge into a coherent study seems a worthwhile 
endeavour, although it is clear that it is impossible to provide a comprehensive and 
exhaustive description in a single volume. 

Global thermal treatment and thermo-chemical treatment (TCT) remain frag-
mented, and the research and development efforts necessary to innovate the industry 
are only being pursued in certain segments, despite the fact that expectations as to the 
quality and precision in product manufacture are steadily increasing and the correct 
selection of treatment parameters and maximising their impact are becoming increas-
ingly important. A key challenge of modern TCT is to achieve high repeatability and 
uniformity of manufactured products at high volume and mass scale.1 Additional 
trends are set by the modern organisation of industrial production—observed espe-
cially in the automotive industry—where the concept of management by quality is 
becoming the standard for production management in companies. This new way of 
thinking and approaching management problems, using statistical process control,

1 The global heat treating market size was valued at USD 100.73 billion in 2021 and is expected 
to expand at a compound annual growth rate of 3.4% from 2022 to 2030 (Grand View Research, 
2021). 
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viii Preface

is the basis for an organisation to operate in a way where the quality of the manu-
factured product is the guiding element and at the same time the link between all 
spheres of activity. 

The uncompromising market economics of the twenty-first century make the 
contemporary utilitarian development of thermo-chemical treatment possible in two 
ways: (1) by offering quality at a level unachievable for competitors or (2) by 
reducing manufacturing costs without losing quality. Both trends are evident in the 
current development of thermo-chemical treatment and are often linked in some 
way. However, finding their new areas of applicability is combined with developing 
knowledge of these processes. Today, many gaps in the contemporary state of knowl-
edge are being filled based on high-performance computer calculations, which have 
become part of the canon of the modern scientific research workshop. Computa-
tional models and simulations contribute to both reducing manufacturing costs and 
improving production quality. For this reason, the following chapters discuss the 
contemporary development of thermo-chemical treatments against the background 
of the parallel development of computational capabilities, pointing out references in 
the literature, available scientific research and known practical applications. 

The book is divided into seven chapters, discussing quenching, carburising and 
nitriding individually, although the issues sometimes overlap. Chapter 1 provides 
an introduction to the work and identifies the importance of materials engineering 
against the background of contemporary societal needs. Chapter 2 discusses thermo-
chemical treatment and its development over the centuries. The modern challenges 
for thermo-chemical treatment globally are presented next. Chapters 3–5 present the 
three main development trends: reduction of thermal deformation in mass and high-
volume production, TCT modelling and a broadly perceived reduction of the costs 
of conducting the treatment. These are identified in the literature at the dawn of the 
twenty-first century as important and necessary to be addressed quickly. This is the 
Author’s subjective choice, as the list of important issues is much longer (this topic is 
discussed at length in Chap. 2). Chapter 6 describes the importance and contribution 
of computational methods to the development of thermo-chemical treatment. All 
the issues discussed and the challenges of the future are succinctly summarised in 
Chap. 7, which concludes the work. 

This study provides a literature review of the development trends of modern 
thermo-chemical treatment and, in this respect, fills a gap in the literature on this 
topic. Due to the review nature of the work, it can serve as supplementary literature 
in subjects covering surface engineering for students of materials engineering and 
mechanical engineering. 

Łódź, Poland 
January 2024 

Emilia Wołowiec-Korecka
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Chapter 1 
Introduction 

You cannot fight against the future. 

Wiliam Gladstone, 1809–1898 

Our civilisation is changing and developing, and with it the expectations of the soci-
eties of different countries are changing. The social transformations over the centuries 
are so significant that, in sociological and economic sciences, the successive stages 
in the development of societies have been given names of their own, in the likeness of 
industrial revolutions [ 1]. The term Society 1.0 is used to describe a prehistoric stage 
in which people lived in small communities, providing food for themselves by hunt-
ing or gathering edible plants. This was followed by the agrarian period (Society 2.0), 
in which people farmed the land, cultivating a grain culture and becoming an agri-
cultural society. This period saw the emergence of statehood and money as a means 
of exchanging resources. The amount of land owned became a measure of wealth. 
The turn of the seventeenth and eighteenth centuries brought further social transfor-
mations, linked to the Industrial Revolution (Society 3.0), concentrating multitudes 
of workers in newly established urban agglomerations. The invention of the steam 
engine and the introduction of electrification ensured that production lines operated 
around the clock; man’s daily routine therefore changed radically to suit shift work 
in factories. The computerisation and robotisation of production lines in the second 
half of the twentieth century has again transformed the way society lived, making 
it an information society (Society 4.0). Data processing has become as important 
as matter processing—information gathering and exchange have become values in 
themselves, providing unlimited access to knowledge for people all over the globe. 
Today, data collected in the cloud and processed by artificial intelligence algorithms 
shape our daily lives, for example, by providing automatic translation of texts on 
the Internet, navigation on a mobile phone, searching for information on Google, or 
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2 1 Introduction

even controlling the home washing machine, fridge and oven. Moving forward, in 
2016, the first country, Japan, signalled the need for another transformation improv-
ing the social life, postulating that this is only possible through the effective use of 
large-scale data (Society 5.0). 1

The Japanese now define the term Society 5.0 as a human-centred model of human 
relations (human-centric society). This model uses economic progress to solve social 
problems through a system and technology that strongly integrates cyberspace with 
physical (real) space. Thus, we are talking about a society characterised by a higher 
level of integration (interpenetration) of the two realities—the digital reality and the 
genuine reality—facilitating the embedding of cyberspace in the real world [ 2, 3]. 
Japan was the first to propose a new model of how society should operate in response 
to the problems of energy shortages and foreign imports of energy, limited natural 
resources and an unfavourable demographic structure. An important aspect of this 
solution is the use of artificial intelligence methods (AI). 

The concept described above—of developing the functioning of society—is also 
impossible without the advanced development of materials and the development of 
techniques for their manufacture. A parallel philosophical shift in the approach to the 
problem of materials and their production is needed to satisfy the signalled societal 
needs, as indicated by a comparative analysis of materials development in the context 
of societal development (Table 1.1). As will be substantiated below, in the context of 
the social assumptions made, there is no alternative to the development of industrial 
product manufacturing other than in line with the concept of Industry 4.0. The state 
of knowledge presented in this study also supports this thesis. 

While Japan is in the vanguard of some social crises, other countries also have 
cause for concern. The unfavourable shape of the demographic structure is also 
evident in Europe, as is trouble in the energy sector. However, Europeans seem to 
be open to novelty in the way they function as a society just as much as they declare 
themselves open to using new technologies. According to a study by the Digital 
Poland Foundation conducted in Poland, 26% of Poles are techno-enthusiasts, 54% 
are techno-sceptics, 6% are picky technology users and only 14% are technology 
rejecters. Every year there is a growing tendency amongst Poles to settle their tax 
obligations via the Internet, to use electronic banking or to use e-providence [ 6]. It 
seems, therefore, that the vision of Society 5.0 is already meeting with a favourable 
response. 

Material 4.0 and Industry 4.0 

The term Industry 4.0 is derived from D. Bell’s concept of industrial revolutions 
(Table 1.2). The first industrial revolution was named for the process of techno-
logical, economic, social and cultural changes initiated in the eighteenth century in 
England and Scotland, which saw the transition of production from craftsmanship

1 Society 5.0—a human-oriented society in which economic progress proposing solutions to social 
issues is balanced by a system offering a high integration of digital and real space. 
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Table 1.1 Development of societies in the context of the materials engineering development [ 3– 5] 

State of social development State of materials engineering 

Society 1.0 Hunters-gatherers-societies (from 
70 000 years BC.); basic social 
unit: group; trade 
exchange—barter; no privacy; 
division of labour by gender 

Selection by trial and error: 
chemical composition of materials, 
process conditions of manufacture, 
range of applications 

Material 1.0 

Society 2.0 Agricultural society (from 
8 000 years BC.); statehood; basis 
of exchange: money; land as a basis 
of wealth; functional division of 
labour 

Society 3.0 Industrial society (from 
XVII/XVIII w.); concentration of 
population in cities on a massive 
scale; rigid, complex division of 
labour 

Idea and laboratory works: 
characterisation, laboratory 
prototyping, testing and validation, 
pilot production, life cycle 
assessment 

Material 2.0 

Society 4.0 Information society (from 1955, 
USA); most important work with 
and on information; middle class; 
networks of formal and informal 
links 

Modelling of a hypothetical 
material with assumed 
functionality: characterisation, 
laboratory prototyping, testing and 
validation, pilot production, life 
cycle assessment 

Material 3.0 

Big data type of data on materials 
fabrication and properties; 
computational materials science 
using artificial intelligence methods 
(AI), machine learning algorithms 
(ML), multiscale modelling; virtual 
materials synthesis and 
characterisation, prototyping, 
testing and validation; life cycle 
assessment 

Material 4.0 

Society 5.0 Society of imagination (from the 
10th of the twenty-first century); 
integration of real-world cyberspace 
on the basis of technology; global 
community’s pursuit of prosperity; 
smart manufacturing; digital 
transformation in which 
informationalisation is dominant


