Preface

Titanium (Ti) is abundant in the crust, ranks fourth among metal elements, and is
mainly concentrated in the form of ores such as ilmenite and rutile in nature. Thus,
ilmenite and rutile are the origin of the modern titanium industry for the production
of TiCly, the intermediate products used for the manipulation of titanium sponge or
titanium dioxide. In this industrial chain, the routes for the production of TiCl, are
flexible as shown in the following figure, where ilmenite is transferred to titanium
slag or synthetic rutile. Meanwhile, ilmenite can also directly transfer to titanium
dioxide with the assistance of acid leaching. Clearly, the demands for titanium and
its related products will be continuously boosted in the future. Nevertheless, the
traditional titanium production chain is facing challenges with the gradual depletion
of high grade titanium resources and environmental concerns.
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Thus, our research group in Yunnan Minzu University assisted by Kunming
University of Science and Technology is working on the application of microwave
heating in multiple production processes including drying, sintering and leaching,
which are important for the production of titanium dioxide and related titanium
products. Microwave heating, a multiphysics phenomenon that involves electro-
magnetic waves and heat transfer, is an important and powerful tool found in
laboratories across the world, applied beyond reheating leftovers and across varying
chemical applications. With the ability to heat efficiently, precisely, and safely,
laboratory microwaves benefit chemical-synthesis, material-digestion, and now has
semi-industrialization applications.

In this book, the principles of microwave heating as applied to industrial pro-
cessing are outlined and the basic design of the microwave enhancing processes is
introduced and the book is divided into six chapters. Prof. Guo Chen has con-
tributed on the design of the whole frame and the outline of the book, and also
contributed chapter 1. Dr. Lei Gao has contributed chapters 2, 3, and 4. Prof. Jin
Chen has contributed chapters 5 and 6. Prof. Wei Li has provided valuable assis-
tance in the formation of chapters 1 and 3. Prof. Jinhui Peng has also contributed on
the design of the whole frame of the book and provided significant guidance.

In chapter 1, the microwave absorbing properties of various titanium resources
including ilmenite, vanadium titano-magnetite and titanium slag are introduced.
The corresponding temperature behaviours of these titanium resources under the
radiation of microwave are systematically reported. In chapter 2, microwave
pre-treatment technology and microwave drying technology in fascinating and
attractive advanced inter-disciplinary fields of research are introduced as well. In
chapter 3, the improvement on the carbothermic reduction in ilmenite and
titanium-rich materials with microwave heating is reported, the purpose is to
explore the possibility of further reduction in the energy consumption and envi-
ronment issues. In chapter 4, research data related to microwave assisted leaching
and intensification are introduced for process optimisation. In chapter 5, the
preparation of rutile from different kinds of titanium slag by microwave roasting
process is reported in addition to the optimised parameters suggested by response
surface methodology. In chapter 6, life cycle assessment resulting from analytic
hierarchy process and fuzzy comprehensive evaluation used for the optimisation of
microwave heating devices is made. We hope these experimental data and the cor-
responding analysis can be helpful for the industrial application of microwave
heating and thus further promote the development of titanium industry.
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