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CHEMICAL ENGINEER'S ASSIGNMENTS are today 
more diverse and complex than ever before and 

result in even more unanticipated problems. We 
live in a highly complicated and controversial 
world, and chemical engineers face considerable 
uncertainty with respect to energy, environment, 
health, food, and raw materials supply. The 
problems are diverse, complex, and multifaceted 
challenges in an environment complicated by 
changing energy costs, material shortages, en­
vironmental regulations, social awareness, and 
domestic and international politics. 

To meet these challenges, a strong back­
ground in chemical engineering fundamentals is 
not enough. Chemical engineers are expected to 
function as a team with other professionals, 
making goal-oriented and timetable-conscious ap­
proaches to identifying and solving current and 
future problems. They are expected to be creative, 
productive, and effective in applying their 
knowledge to the solution of these problems and 
to be alert to the needs of sophisticated industrial 
operations and the dynamic society in which they 
live. They are expected to have excellent oral and 
written communication skills, to help influence 
action and motivate individuals, and to dissemin­
ate the results of their findings. 

Last but not least, they are expected to respond 
to needs of their communities and to be proficient 
in human relations. 

Though they could hardly have foreseen the 
complexities of today, some of these ideas clearly 
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were in the minds of Arthur D. Little, '85, and 
William H. Walker when they established the 
School of Chemical Engineering Practice in 1916. 
It integrated classroom experience and practical 
work by providing students with an intensive, in­
dustrial- and research-oriented internship away 
from the campus, under the direct supervision of 
M.I.T. faculty members [4]. 

Since then, the Massachusetts Institute of 
Technology School of Chemical Engineering 
Practice has been a major feature of the gradu­
ate program in chemical engineering education at 
MIT. 

Presently, MIT operates Practice School 
Stations at two locations: one at Oak Ridge 
National Laboratory, a dynamic research and de-
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Presently, MIT operates Practice School Stations at two locations: one at Oak 
Ridge National Laboratory ... and the other at General Electric Company's modern plastics 

and silicone production facilities at Albany, New York. 

velopment organization operated by the Nuclear 
Division of the Union Carbide Corporation at Oak 
Ridge, Tennessee, under contract to the Depart­
ment of Energy, and the other at General Electric 
Company's modern plastics and silicone production 
facilities at Albany, New York. The widely differ­
ent operations of these plants provide a good basis 
for problem solving and the opportunity for ex­
posure to a large variety of technical activities in 
which the engineering students will find them­
selves engaged during later stages of their careers. 

In response to the evolution of the chemical 
engineering profession, Practice School stations 
have been located at 18 different plants over the 
program's 60-year history. Continuous evalua­
tion of the program by graduates, faculty, and in­
dustry (industry is a strong proponent of the pro­
gram) has kept it as an elite program of engineer­
ing education at MIT. This dynamic and 
continuously renewing character of the program is 
particularly important to the expanding engineer­
ing profession today [1]. 

In evaluating the first year of operation of 
MIT's School of Chemical Engineering Practice, 
W. H. Walker wrote in 1917 [3]: 

"It is a truism to say that it is easier to acquire a 
knowledge of science than it is to apply intelligently 
and successfully this knowledge to the solution of 
technical problems." 

He also noted that the most far-reaching benefit 
accruing to experience in the School of Chemical 
Engineering Practice is that it develops within the 
student the convictions: 

• "That he must acquire a sounder knowledge of existing 
science. 

• That he must aid in creating or enlarging the field of 
science. 

• That he must continue to apply science to industry for 
the ultimate good of mankind." 

In commenting on the value of the Practice School, 
W. K. Lewis wrote in 1951 [2]: 

"Three things are essential for the young technical 
man in industry. First. he must recognize_ the rele- _ 
vance of the theory which he has learned in class 
and laboratory to the solution of practical problems, 
and he must master the methods of using theory in 
handling such problems. Second he must appreciate 
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the complexity of the economic factors that play 
such a predominant part in the problems of in­
dustry. Finally, he must understand the character, 
complexity, and importance of human relationships 
involved in industry and know how to handle them." 

Clearly these comments, which, incidentally, are 
very similar to the ones made almost 30 years 
earlier by Walker, are more to the point today than 
ever before. 

GOALS 

The aim of Practice School is to accelerate the 
development of highly competent engineers by 
broadening their experience, not only in technical 
aspects of the profession but also in communica­
tion and human relations (which are frequently 
decisive in the success of an engineering enter­
prise). It is an intensive and guided program in 
which qualities such as leadership, organization 
and planning, team-work, and communication 
skills are developed. These are crucial attributes 
which a competent engineer should possess, yet 
which are difficult to acquire in the classroom. 

To reach these goals, the Program stresses four 
main issues (see Figure 1) ; 

TO DEVELOP AN 
ABILITY TO APPLY 
ENGINEERING 
PRINCIPLES TO A 
WIDE RANGE OF 
PROBLEMS . 

TO DEVELOP SELF-RENEWING, 
GOAL-ORIENTED, TIMETABLE­
CO/lSCJOUS, CHEMICAL ENGIN­
EERS TO HANDLE COMPLEX 
S0Cto-ECONOtllC, TEC.,.JCAL 
PROBLEMS. 

TO BE MADE Al~ARE 
THAT EDU CATI ON 
M.JST PROCEED WITH 
RENEWED VIGOR 
BEYOND THE CLASS ­
ROOM. 

TO DEVELOP PROFI­
CIENCY IN HUMAN 
RELATIONS. 

TO DEVELOP PROFI- • 
CJENCY IN EFFECTIVE 
ORAL AND WRITTEN 
COMMUNICATION SKILLS. 

FIGURE 1. Intent Diagram for the Practice School. 

1. Development of an ability to apply engi­
neering principles to a wide range of problems. 
Students at the graduate level already have 
command of most of the fundamentals. However, 
the applicatiqn of these basic principles to the 
solution of today's problems is :perhaps . more 
difficult th:,m ev~r before. In addition, chemical 
engineers frequently contribute to a wide variety 
of disciplines_ which were once thought · outside 
their purview. By design, Praetice School permits 
the students to face many kinds of unique in­
dustrial- and research-related problems in a 
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variety of disciplines. The nature of the projects 
ranges from fusion-energy research, coal gasifica­
tion and liquefaction, and nuclear medicine, to 
technical and economic feasibility analysis, design, 
operation and optimization of chemical processes, 
to name a few. Every new problem (new problems 
are assigned every four weeks) is presented as a 
challenge to the ability of the students. By stimu­
lating students to meet these challenges, the 
Practice School catalyzes creativity and fosters 
the sense of achievement that accompanies the 
successful completion of any problem. 

The opportunity to help solve some 
problems of concern to plant personnel or to 
contribute to the understanding of a phenomenon at 
the forefront of a research program motivates 
the student to accomplish a great deal of 
work in a surprisingly short time. 

2. Development of the awareness that educa­
tion must proceed with renewed vigor beyond 
classroom teaching. Since chemical engineers are 
facing problems which are increasingly inter­
disciplinary and of ever-increasing complexity, it 
is important to create an atmosphere in which in­
dividuals are motivated to become familiar with 
other disciplines, concepts, and ideas. The large 
variety of projects offered at Practice School 
brings about the realization of this need and 
provides students with relevant experience in 
handling new situations with caution and confi­
dence. 

3. Development of a proficiency in human 
relations. To emphasize the co-operative nature of 
engineering tasks, Practice School projects are 
always assigned to student groups of two to four. 
This results in improved thinking and decision 
making by group members, and usually a small 
group decision is superior to that of an individual 
working alone. Small-group communication is also 
conducive to changing group members' attitudes. 
Groups and designated group leaders change with 
each project, giving each student a chance to be­
come a group leader and an opportunity to work 
with others. Emphasis is placed on developing 
effective leadership and organization skills in 
handling complex engineering assignments. 

4. Development of a proficiency in effective 
oral and written communication skills. Results of 
a technical investigation have little utility unless 
they can be understood and used by others. A 
technical achievement can be outstanding, but 
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unless the results are communicated effectively and 
persuasively, the value of the achievement is less 
likely to be appreciated. Practice School provides 
the students with excellent experience in develop­
ing these skills. 

Students get realistic experience in oral report­
ing during the projects. On a weekly basis, one 
member of each group gives an oral presentation 
outlining the progress and future plans of the 
group. These sessions are attended by all par­
ticipating students, plant personnel, and Practice 
School staff. In addition to the talks on problem 
assignments, scheduled oral seminars are held 
throughout the term on assigned and optional 
subjects. Frequently, students are also asked to 
present their work at symposia organized by pro­
fessional societies such as The American Chemical 
Society, The American Institute of Chemical 
Engineers, and The American Nuclear Society. 

Technical report writing is also an essential 
attribute of a competent engineer, although often 
not sufficiently emphasized at school, and Practice 
School provides excellent experience. An assign­
ment is not considered complete until an acceptable 
written account of the work has been prepared. 
The program emphasizes the need for a precise 
and concise report of the effort in which straight­
forward development of the logic of approach, 
perspective in relating the importance of the 
results, and critical and candid evaluation of the 
strengths and weaknesses of the technical argu­
ments are documented. These are important 
factors in establishing the credibility of the ac­
complishments as well as the credibility of the 
engineers who did the work. 

STATION OPERATION 

G 0ALS OF THE PRACTICE SCHOOL are attained 
in an unusual way. Each Practice School 

station is directed by two resident chemical engi­
neering department staff members. The student­
to-faculty ratio is kept around six so that students 
may receive a high degree of individual instruc­
tion and evaluation~ and also so that their potential 
ability may be recognized and developed at the 
Practice School. 

The operation of the Practice School is quite 
similar to a small consulting company. The MIT 
staff works closely with the technical staff of the 
host company in identifying and arranging the 
problems, with student groups serving as plant­
wide task forces on the projects. At the beginning 
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of each term the technical staff of the host­
company is invited to submit problem suggestions 
to the Practice School. After problem suggestions 
are received, the station staff reviews them and 
contacts the individuals with whom suitable proj­
ects appear possible. The most important criteria 
used in problem selection are: first, problems must 
be of educational value to the student group; 
second, the solution can be expected to require in­
depth application of a broad variety of technical 
skills, original thought, initiative, and judgment 
on the part of the student group; and third, solu­
tions of the problem will result in a worthy contri­
bution to the host-plant operation and/or to the 
understanding of a phenomenon in the profession. 
The technical staff of the company who suggested 
the problem is then asked to make itself available 
as consultants. 

The opportunity to help solve some problems 
of concern to plant personnel or to contribute to 
the understanding of a phenomenon at the fore­
front of a research program motivates the student 
to accomplish a great deal of work in a sur­
prisingly short time. This attitude provides the 
key to Practice School operations and results in 
the production of widely recognized high-quality 
work. Since the time available for solving the 
problems is short, the group finds itself under 
considerable pressure to accomplish its goals. Al­
though the student group bears prime responsi­
bility for solving the problem, the members are 
encouraged to draw on advice of the Practice 
School staff, project consultants, and other in­
dividuals both on plant-site and at MIT, all of 
whom are considered part of a team whose job it 
is to solve the problem (see Fig. 2). The group 
leader organizes the effort and keeps all the 
interested individuals informed on group progress. 
Nevertheless, the successful completion of the 
project hinges on the cooperative effort of the 
entire group in planning and executing the task. 

As the first step in solving the problem, the 
group members collect pertinent information and 
become acquainted with the current theory, opera­
tions, and equipment. Then they define the exact 
nature of the problem, generate as many alter­
native approaches as possible, and determine the 
alternatives with the minimum set of objectives 
to reach their goal. They defend their approach in 
the formal preliminary conference before the 
Practice School staff, consultants, plant personnel, 
and, on many occasions, visiting members of the 
MIT chemical engineering department faculty. 
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FIGURE 2. Problem Solving at MIT School of Chemical 
Engineering Practice. 

Undoubtedly, the preliminary conference is the 
most important of a series of interactions aimed 
at sharpening and perfecting the approach to solu­
tion of the problem and requires the participation 
of everyone involved. 

Following the preliminary conference and pro­
gram approval, the main body of the project work 
begins, during which continuous re-evaluation of 
objectives, methods of approach, results, and 
schedule are also undertaken. Since the atmosphere 
is informal, everyone participates in extensive 
discussions pertinent to the successful completion 
of the group's objectives. When there are dis­
agreements (and disagreements are very common) 
they are not suppressed; the group seeks to resolve 
them rather than to dominate the dissenter. 

Formal progress reports are also made every 
week, with participation similar to that of the 
preliminary conference. Progress reports are de­
signed to serve three important purposes: (1) to 
inform the participants about the progress of the 
project, provide intermediate results, and discuss 
new changes, (2) to provide a basis for ex­
changing ideas to solve problems encountered, and 
(3) to provide an opportunity for the students to 
improve their oral presentation skills. Students 
are encouraged to use the conference room as 
ground on which they can extract information 
from the audience as well as provide it. An im­
portant part of these meetings is the question-and­
answer period which follows, for it tests the 
speaker's understanding of the subject and his 
ability to handle audiences and reply to a range 

_of questions promptly and directly. These talks 
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are also constructively criticized by the staff and 
students for the benefit of the speaker. 

The assignment is not considered complete 
until all results have been analyzed, the con­
clusions and recommendations have been properly 
presented in a written report, and a final oral 
presentation has been made. Each report is evalu­
ated for its accuracy, technical content, imparti­
ality, organization, literary style, coherence, and 
conciseness. When necessary, the report is re­
turned to the group for revision and this pro­
cedure is repeated until a satisfactory report is 
produced. Student performance is then evaluated 
by the staff, with contributions from fellow 
students and consultants. The ability to work with 
people, leadership, and other such qualities are 
considered in addition to technical competence. 

Other activities during the semester include 
field trips to nearby industrial plants and research 
centers, attendance at seminars and symposia, and 
participation in periodic staff conferences in which 
students rate each other, and where consultants 
and staff rate the students. The students thus have 
the opportunity to see themselves as others do. 
The staff member who handles the conference 
discusses the student's abilities and liabilities from 
a friendly point of view. Most students respond 
well and react quickly to such a conference because 
in most cases it is the first time that such a candid 
evaluation has been presented. 

DESCRIPTION OF FIELD STATIONS 

F ACILITIES AT EACH STATION include a library, 
student offices, conference rooms, and computer 

facilities. Additional help is provided by a full­
time secretary maintained at each station. The 
two Practice School stations will be briefly de­
scribed below, together with the nature of projects 
undertaken by MIT students. 

Albany Station 

The Albany Station is operated by General 
Electric Company's N oryl Products facility at Sel­
kirk, New York, and the Silicone Products Plant 
at Waterford, New York. At this station students 
obtain an intensive exposure to a chemicals manu­
facturing environment. Technical emphasis is 
placed on economic analysis, design, process de­
velopment and improvement, and the relationship 
of product properties to production operation. 
Strong emphasis is placed on having the students 
work in at least one of the production areas. 
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Both batch and continuous processes are used 
in producing chemicals, and students are involved 
with virtually all kinds of large-scale chemical 
engineering unit operations. This gives them an 
opportunity to evaluate and compare the merits 
of each operation. 

Some past projects at the Albany Station have 
been: 

• Wastewater clarification 
• Physical-mechanical model of intermediates reactor 
• Design of remote sampling system for resin reactors 

and statistical analysis of resin properties 
• The effect of processing variables on rheological 

properties 
• Determination of economic feasibility of rubber 

reclamation 
• Dryer vent system analysis and modification 
• Detailed design of extractive dehydration pilot plant 

unit 
• Computer modelled optimization of plastics manufactur­

ing operations 
• On-line solids analysis for silicone emulsions 
o Improvement of crystalline product yield from process 

mother liquors 

Oak Ridge Station 

The field station at Oak Ridge National Labora­
tory (ORNL) is located in one of the largest 
energy research and development institutions in 
the nation and also one of the most diverse in the 
range of scientific and technological disciplines 
represented. ORNL is operated by the Union 
Carbide Corporation, Nuclear Division under 
contract with the U.S. Department of Energy. 
Laboratory specialties, once limited to nuclear 
energy development, now extend into other 
disciplines of physical and life sciences, mathe­
matics and engineering, as well as economics and 
social sciences. The laboratory operates in a way 
that provides the flexibility necessary to attack 
large problems that require broadly-based efforts 
on the part of multi-disciplinary teams, and the 
MIT Practice School has been involved with 
virtually all of the unclassified programs. 

Some past projects at Oak Ridge station have 
been: 

• Mass transfer in three phase fluidized beds 
• Freezing of living cells and tissues 
• Surface properties and reactions of coal 
• Dispersion of miscible fluids in porous media 
• Design of a 18F production system for ORNL cyclotron 

facility (nuclear medicine) 

• Radiation cooling in liquid metal fast breeder reactor 
(LMFBR) cores 

• Super cooling of water in annual cycle energy system 
(ACES) heat exchangers 
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• Hydrodynamics of a recirculating fluidized bed 
• UF formation from the surface reactions of uranium 6 

and fluorine 
• Auxiliary power recovery from coal gasification 

processes 

The projects at Oak Ridge are oriented toward 
laboratory-type research and development work, 
complementing the industrial nature of the 
problems at the Albany Station. 

PROGRAM DESCRIPTION 

EACH TERM, A SELECT number of graduate 
students (presently the enrollment is limited 

to 24) are admitted to the School. Since the pro­
gram is highly demanding, self-motivation, in­
dustriousness, and other such qualities are also 
sought in addition to exceptional academic achieve­
ments. The requirements for the Master of Science 
in Chemical Engineering Practice (Course X-A) 
are the same as those for the Master of Science in 
Chemical Engineering, except that 24 units of 
Practice School experience is accepted in lieu of 
the Master's thesis. 

Bachelor of Science graduates of the depart­
ment ordinarily meet the requirements of the pro­
gram in two terms. Beginning in September 
following their graduation, students spend the 
semester at the Practice School; half at Albany, 
New York, and the other half at Oak Ridge, 
Tennessee. Then they return to the Institute to 
complete the program during the Spring term. 
A similar program also begins in February and 
extends to the end of May. 

For the students who have graduated in chemi­
cal engineering from other schools, the usual pro­
gram of study involves one or two terms at the 
Institute followed by the field station work in the 
Practice School. Students with chemistry majors 
usually require an additional term at the Institute. 

Although there are no specific course require-

TABLE J 

Suggested Prerequisite Courses. 

FALL 

ChE Thermodynamics 
Advanced Heat Transfer 
Industrial Chemistry 
Catalysis and Catalytic 

Processes 
Analytical Treatment of 

ChE Processes 
Structure and Properties 

of Polymers 
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SPRING 

Same 
Heat and Mass Transfer 
Same 
Chemical Reaction 

Engineering 
Advanced Calculus for 

Engineers 
Physical Chemistry of 

Polymers 

ments for the Practice School program (beyond 
the usual S.M. degree course requirements) the 
courses listed in Table 1 have been found to be 
particularly beneficial according to the students 
who participated in the program. • 
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mn :I book reviews 

APPLIED CHEMICAL PROCESS DESIGN 

By Frank Aerstin and Gary Street 
Plenum Press, 1978, 294 pages. 
Reviewed by Frank J. Lockhart 
University of Southern California, L.A. 

This is not a textbook. Developments, discus­
sions and derivations have been eliminated, leav­
ing a concise presentation of methods and correla­
tions useful in process design, pilot plants or 
production. Some of the methods are theoretical, 
some are not; but they all are empirical in that 
they can be used satisfactorily in the real world. 

Explanations are scarce, which means the user 
needs prior education in the basics of topics such 
as fluid flow, heat transfer, and distillation. A 
critical user will check the validity of various di­
mensional equations which probably have not 
been seen before. For example, page 16 has a di­
mensional equation for Reynolds number in a 
circular pipe. It is correct, but it looks most un­
usual as NRe = 6.31 W/µ.D. 

Some useful topics are included which are 
seldom found in conventional chemical engineer­
ing textbooks. For example: relief valves, rupture 
discs, vapor-liquid separators, and details on air­
cooled heat exchangers. Continued, next page. 

OMNI and MINI adoptions 
come with solution books 
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