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Concept


This module introduces the chemical engineering discipline and discusses its history, educational requirements, and possible career paths.


Objectives


To expose the reader to the type of work chemical engineers perform.


To give the readers an idea about the courses the students would be required to take to pursue a degree in chemical engineering.


To explain about the career opportunities for chemical engineers.


Introduction


Chemical engineers combine chemistry, physics, and engineering to solve problems and find better ways of doing things related to the manufacturing and production of materials that undergo chemical changes.  Chemical engineers produce large quantities of materials that chemists make in small quantities in a lab.  They are involved in designing equipment and chemical plants, as well as determining the best production methods of chemicals and their by-products.  Because of its broad coverage of responsibilities, chemical engineering might be considered a mixture of industrial engineering, material engineering, electrical engineering, and chemistry.


HISTORY


The field of chemistry has been growing throughout the centuries, but the field of chemical engineering only began developing in the nineteenth century.  Many puzzles of chemistry were unlocked when John Dalton, an English school teacher, published his theories on atoms in 1808.  Basically the theory states: all atoms of any one element are the same size and weight,  these atoms differ from those of other elements, and atoms are not created nor destroyed but combined, separated, and regrouped during chemical reactions.  As chemists made more and more chemical advances, they soon discovered that others were willing to pay greatly for them.  An assistant of Lavoisier, an important chemist who was working on purifying gunpowder in France, later came to the United States and introduced new methods for improving gunpowder in 1802.  The improvements were so successful that a great industry grew from them.  The assistant’s name was E.I. Du Pont de Nemours, and the company he founded is the Du Pont Chemical Corporation.


While chemical products like Du Pont’s gunpowder, Albert Nobel’s dynamite, and Freidrich Wohler’s fertilizer were on their way to creating a great chemical industry, important advancements were also being made in the field of engineering.  With the invention of the steam engine and steam driven machinery, there was now a need for an engineer who was experienced and educated in the application of scientific principles to design, control, and operate these machines.  This was the mechanical engineer.  As steam technology improved and machines replaced laborers, the Industrial Revolution began, and there was now a need for better materials to develop more dependable engines.  The mechanical engineer took on these responsibilities.


As the chemical industry grew in the middle and late 1800s, it soon became apparent that civil and mechanical engineers did not posses the chemical background necessary to keep up with the advances made by the industrial chemists.  Engineers were needed who could improve the methods of production of these new substances and who could design and operate chemical plants.  These needs led to the development of the chemical engineering profession.


The Job


The chemical engineer attempts to take the chemist’s ideas and knowledge and put them into practice.  A chemist is concerned with discovering new knowledge about the basic composition of elements and compounds found in nature, and developing new products and materials.  The chemical engineer, working with chemists, not only develops new products, but evaluates them socially and economically.


Chemical engineers in their work: search for alternative forms of energy, develop medicines and medical treatments, create new products and materials, lead the way in technological development, and find ways to protect the environment.  There is a large range of subject areas that a chemical engineer may work in.  The American Institute of Chemical Engineers breaks the field down into these divisions:


Environmental


Food, Pharmaceutical and Bioengineering


Forest Products


Heat Transfer and Energy Conversion


Materials Engineering and Sciences


Nuclear Engineering


Even with such a diverse list, there are still common functional activities or functional specialties common to most of the areas.


Research and development.  Chemical engineers spend a great deal of time designing and performing experiments and then analyzing the data and information they obtain.  Many times chemical engineers develop a pilot plant, a small scale version of a commercial facility, to better research and design a process.


Design and construction.  Chemical engineers in this area are commonly called project engineers.  They use all of their knowledge and skills to determine the best process components, select the best equipment, and determine the best and most economical means of production.


Operations.  Chemical engineers in operations use their knowledge and problem solving ability to maintain a well-knit organization that consistently produces a high quality product and that can adapt to the changing demands for that product.


Management.  Chemical engineers may also be found in management.  They use their communication, interpersonal skills, and technical knowledge to give an organization the results it desires.


Teaching.  The chemical engineer can educate not only potential engineers, but also the broader public as well.


Education


Chemical engineering, as with most engineering, requires a strong background in science and math.  Taking courses in math, physics, chemistry, and computer programming in high school will help the student develop a strong foundation on which to pursue a chemical engineering degree and career.  


At the Bachelor of Science level, the student must obtain a broad foundation in chemistry, mathematics, physics, communication skills, economics, and the humanities.  To gain a strong background and understanding in the design and performance of chemical processes the student then takes courses in the following areas:


Thermodynamics


Reaction kinetics


Fluid mechanics


Heat and mass transfer


The senior year is spent specializing in one or more of the many areas in chemical engineering, such as those listed by the American Institute of Chemical Engineers.


Career Options


Chemical Engineering is very broad and offers a wide range of career options.  The field is challenging and rewarding.  The chemical engineer may choose  from a variety of industries including: petroleum production and refining, chemical manufacturing, mining, and pharmaceutical manufacturing, to name a few.  Many graduates also use an undergraduate degree in Chemical engineering to pursue graduate school, law school, or medical school.


Equipment NoTes


Although the modules may list specific laboratory equipment, other containers such as baby food jars or glass containers may be substituted in activities which do not require or generate heat such as all of these. You can also use household devices such as measuring spoons and cups. 


�
MATERIALS NOTE


Students should not change the concentrations or specified chemicals in any of the modules.


“Cheap” sandwich bags can be substituted for the dialysis tubing in module 2. The reaction will take longer.


SAFETY NOTE


Although none of the chemicals used in any of these modules are highly toxic, normal chemical hygiene practices should be followed such as not tasting or smelling chemicals and washing hands after use.
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Other Resources


For additional experiments in chemistry:


Borgford, Christie L., and Summer, Lee R. Summerlin,  Chemical Activities: Teacher Edition, American Chemical Society, Washington, D.C., 1988.


Woodward, Linda, Polymers All Around You!  A copy may be ordered from:


Terrific Science Press�Miami University Middletown�4200 East University Blvd.�Middletown, OH 45042


For each copy requested, send a check or money order for $4.00.  This price includes shipping and handling.


To learn more about chemical engineering, write these places:





The American Institute of Chemical Engineers


345 East 47th Street


New York, NY 10017





The American Chemical Society


1155 Little Falls Street


Falls Church, VA 22041
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