WHAT IS CHEMICAL ENGINEERING

Chemical engineers have made so many important contributions to society that it is

hard to visualize modern life without the large-volume production of antibiotics,
fertilizers and agricultural chemicals, special polymers for biomedical devices, high-
strength polymer composites, and synthetic fibers and fabrics. How would our industries
function without environmental control technologies; without processes to make
semiconductors, magnetic disks and tapes, and optical information storage devices;
without modern petroleum processing? All these technologies require the ability to
produce specially designed chemicals economically and with a minimal adverse impact
on the environment. Developing this ability and implementing it on a practical scale is
what chemical engineering is all about.
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Every scientific discipline has its characteristic set of problems and systematic
methods for obtaining their solution - that is, its paradigm. Chemical engineering is no
exception. Since its birth in the last century, its fundamental model has undergone a series
of dramatic changes.
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TRADITIONAL PARADIGMS OF CHEMICAL ENGINEERING
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When the Massachusetts Institute of Technology (MIT) started a chemical engineering
program in 1888 as an option in its chemistry department, the curriculum largely
described industrial operations and was organized by specific products. The lack of a
paradigm soon became apparent. A better intellectual foundation was required because

knowledge from one chemical industry was often different in detail from knowledge from



other industries.
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The first paradigm for the discipline was based on the unifying concept of "unit
operation" proposed by Arthur D. Little in 1915. It evolved in response to the need for
economic large-scale manufacture of commodity products. The concept of unit operation
held that any chemical manufacturing process could be resolved into a coordinated series
of operations such as pulverizing, drying, roasting, crystallizing, filtering, evaporating,
distilling, electrolyzing, and so on. Thus, for example, the academic study of the specific
aspects of turpentine manufacture could be replaced by the generic study of distillation, a

process common to many other industries.
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During the period of intensive development of unit operations, other classical tools of
chemical engineering analysis were introduced or were extensively developed. These
included studies of the material and energy balance of processes and fundamental
thermodynamic studies of multicomponent systems.
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Chemical engineers played a key role in helping the United States and its allies win
World War II. They developed routes to synthetic rubber to replace the sources of natural
rubber. They provided the uranium-235 needed to build the atomic bomb. And they were
instrumental in perfecting the manufacture of penicillin, which saved the lives of

hundreds of thousands of wounded soldiers.
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The high noon of American dominance in chemical manufacturing after World War II
saw the gradual exhaustion of research problems in conventional unit operations. This led
to the rise of a second paradigm for chemical engineering, pioneered by the engineering
science movement. Dissatisfied with empirical descriptions of process equipment
performance, chemical engineers began to reexamine unit operations from a more
fundamental point of view. The phenomena that take place in unit operations were
resolved into sets of molecular events. Quantitative mechanistic models for these events
were developed and used to analyze existing equipment, as well as to design new process
equipment. Mathematical models of processes and reactors were developed and applied to

capital-intensive industries such as commodity petrochemicals.
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THE CONTEMPORARY TRAINING OF CHEMICAL ENGINEERING
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Parallel to the growth of the engineering science movement was the evolution of the
core chemical engineering curriculum in its present form. Perhaps more than any other
development, the core curriculum is responsible for the confidence with which chemical

engineers integrate knowledge from many disciplines in the solution of complex problems.
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The core curriculum provides a background in some of the basic sciences, including
mathematics, physics, and chemistry. This background is needed to undertake a rigorous
study of the topics central to chemical engineering, including: multicomponent
thermodynamics and kinetics, transport phenomena, unit operations, reaction engineering,
process design and control, and plant design and system engineering.
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This training has enabled chemical engineers to become leading contributors to a

number of interdisciplinary areas, including catalysis, colloid science and technology,
combustion, electrochemical engineering, and polymer science and technology. Because
chemical engineering is the most broadly based of all engineering disciplines, the
chemical engineer is in great demand in diverse technical and supervisory areas in a wide
variety of industries, and has consistently commanded one of the highest starting salaries
of all college graduates.
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A NEW PARADIGM FOR CHEMICAL ENGINEERING
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Over the next few years, a confluence of intellectual advances, technological
challenges, and economic driving forces will shape a new model of what chemical
engineering is and what chemical engineers do.
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A major force behind this evolution will be the explosion of new products and
materials that will enter the market during the next two decades. Whether from the

biotechnology industry, the electronics industry, or the high-performance materials



industry, the products will be critically dependent on structure and design at the molecular
level for their usefulness. They will require manufacturing processes that can precisely
control their chemical composition and structure. These demands will create new
opportunities for chemical engineers, both in product design and in process innovation.
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A second force that will contribute to a new chemical engineering paradigm is the
increased competition for worldwide markets. Product quality and performance are
becoming more important to global competition than ever before. The key to meeting
these challenges is innovation in process design, control, and manufacturing operations.
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The third force shaping the future of chemical engineering is society's increasing
awareness of health risks and environmental impacts from the manufacture, transportation,
use, and ultimate disposal of chemicals. This will be an important source of new
challenges to chemical engineers.
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The fourth and most important force in the development of tomorrow's chemical
engineering is the intellectual curiosity of chemical engineers themselves. As they extend
the limits of past concepts and ideas, chemical engineering researchers are creating new
knowledge and tools that will profoundly influence the training and practice of the next
generation of chemical engineers.
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When a discipline adopts a new paradigm, exciting things happen, and the current era

is probably one of the most challenges and potentially rewarding times to be entering



chemical engineering. Future chemical engineers will bring new tools and insights to
research and practice from other disciplines: molecular biology, chemistry, solid-state
physics, material science, and electrical engineering. And they will make increasing use of
computers, artificial intelligence, and expert systems in problem solving, in product and
process design, and in manufacturing.
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Some things, though, will not change. The underlying philosophy of how to train
chemical engineers - emphasizing basic principles that are relatively immune to change in
field of application - must remain constant if chemical engineers of the future are to

master the broad spectrum of problems that they will encounter.
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