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INTRODUCTION 

The attached questionnaire was sent in May 1974 to One 

chairman of each chemical engineering department in the United 

States and Canada, together with a cover letter asking that the 

appropriate faculty member complete and return the questionnaire. 

A follow-up letter was sent in early September to those schools 

about (100) which had not responded by that time. Of the 155 

universities contacted, ninety questionnaires were returned. This 

compares with seventy-one responses to the 1972 mini-session 

(Mass and Energy Balances) and fifty-nine replies to the 1973 mini- 

Session (Thermodynamics). 	
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QUESTIONNAIRE ON THE TEACHING OF 
REACTION KINETICS 

Instructor: 

Univers ity: 

Distinctive features of the course as I give it are: 

Some explanatiOns of concepts which I have found particularly effective are... 
(Use another sheet if necessary. I would like to give as many people as possible 
the opportunity to present these at the session.) 	 • 

• 

Some particular challenges in teaching Reaction Kinetics are: 

I (do, do not) plan to attend ithe Washington AIChE Meeting. 

I don't know yet. 



QUESTIONNAIRE ON THE TEACHING OF 
REACTION KINETICS 4.0 

1. IDENTIFICATION 

Instructor: 	  

University: 	  

2. COURSE TITLE(S) (undergraduate courses) 

1. 	  

2. 	  

	

3. TIME AVAILABLE 	 Course 1 	 Course 2 

Hrs lecture/week 

Hrs problem lab/week . 

Hrs experimental lab-week 

4. TEXT(S) AND RESOURCES (AUTHOR, TITLE) 

Course 1 	  
Circle chapters usually covered 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Course 2 	  
Circle chapters usually covered 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

5. STUDENTS 

	

Course 1 	 Course 2 

A. Year of Students 
e.g. seniors 

B. Class Size 

6. MAIN OBJECTIVES OF COURSE: 

	  110 



ft 

7. Is the thl:;:1,;.AynamicL. of ch,p:Icul eTailibria (equilibrium constant. 
equilibrium conversion, etc.) covered in the kinetics course or in th:: 
thermodynamics course? 	(circle one) 

Kinetics 	 Thermodynami	
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TEXTS 
olem*\ 

The text used in most kinetics courses is Levenspiel's 

"Chemical Reaction Engineering" second edition. Sixty—one per 

cent of the kinetics courses use this book. Not all schools 

responding listed the chapters usually covered in their courses. 

However, the normalized percentages (based on fifty schools) 

for each chapter are as follows: 

CHAPTER 	 PER 	CENT  

1 	 94 

2 	 96 

	

3 	 96 

4 	 98 

5 	 100 

6 	 98 

	

7 	 94 

	

8 	 90 

	

9 	 26 

	

10 	 8 

	

11 	 50 

	

12 	 30 

	

13 	 8 

	

14 	 78 

	

15 	 8 

Thus, the first eight chapters are covered in over 90% of 

the courses using this text. 



The book by Smith "Chemical Engineering Kinetics" second ediPivp 

is used by 21% of the universities responding. The following table 

lists the normalized percentage of schools which cover the respective 

chapters. 

CHAPTER PER CENT  
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	 COURSE TIME DEVOTED TO THREE SPECIFIC 

111110 	 TOPICS RELATED TO REACTION KINETICS 

A. Reaction Equilibria  

The equilibrium conversion of chemical reactions is 

a bridge between thermodynamics and kinetics. The equilibrium 

constant is valuable in characterizing the kinetic behavior 

of reversible reactions. Of the schools responding, 67% 

cover reaction equilibria in the chemical engineering thermo-

dynamics course, 13% cover this in the kinetics course, and 

20% teach reaction equilibria in both kinetics and thermodynamics. 

B. Catalysis 	 • 	 - 

The average kinetics course lasts 12.0 weeks and devotes 

2.4 weeks (19.8%) of the course to the study of catalytic reactions. 

C. Theory of Absolute Reaction RateS  

The theory of absolute reaction rates is not discussed in 

the undergraduate kinetics courses of 41.6% of the schools 

responding. At the remaining schools, about 2.2 class sessions 

are devoted to this topic. 



GRADUATE COURSES 

9 
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This study did not deal specifically with graduate work 

in reactor design or kinetics. The topics of reaction kinetic, 

catalysis and reactor design are often taught in the same course. 

More important, as anyone familiar with the language of college 

catalogs knows, the title of a course usually gives little infor-

mation as to the course content. The following observations are 

. based only on the titles of graduate courses given on the question-

naire. It appears that 457. of the universities offer a graduate 

course in kinetics of reactions, 36% offer a course in catalysis, 

and 52% offer a course in reactor design. In arriving at these 





LABORATORY EXPERIMENTS 

Rensselaer Polytechnic Institute (Dr. Gregory P. Wotzak) 
"Hydrolysis of Acetic Anhydride" 

Queens University(Dr. B. W. Wojciechowski) 
"Hydrolysis of Acetic Anhydride in Batch, CSTR and Flow 

Reactors" 

University of Calgary (Dr. Norton G. McDuffie) 
"Hydrolysis of Methyl Acetate" 
"Catalyst Surface Determination (BET)" 
"Fluidized and Packed Bed Behavior" 

University of Washington (Dr. I- N. Johanson) 
"Hydrolysis in Stirred Tank Reactors" 

University of Maine (Dr. Gerald L. Simard) 
"Emulsion Polymerization" 
"De-alkylation of Cumene" 
"Saponification of Ethyl Acetate" 

Newark College of Engineering (Dr. Deran Hanesian) 
"Tubular Reactor" 
"Backmix Reactor" 
"Fermentation Reactor" 
"Non-isothermal Batch Reactor" 
"Heterogeneous Catalysis" 
"Surface Area/Pore Size Distribution Measurement" 

University of New Hampshire (Dr. G. D. Ulrich) 
"Demonstrations" 

State University of New York at Buffalo 
"Effect of Stirring on Pt-catalyzed Liquid Phase 
Hydrogenation of Stypene" 
"Vapor Phase Catalytic Dehydrogenation of Cyclohexane in 

Flow Micro-reactor" 
"Batch Liquid Phase Homogeneous Reaction" 

it 



Pennsylvania State University (Dr. Daubert Kabel) 
"Dehydration of Hexanol Over Alumina Catalyst" 

Princeton University (Dr. Norman Sweed) 
"A Chemical Reactor Laboratory for Undergraduate Instruction" 

Texas A & I University (Dr. K. C. Oosterhout) 
"Saponification of Ethyl Acetate with NaOH" 
"Hydrolysis of Acetic Anhydride" 

Texas A & M University (Dr. R. G. Anthony) 
"Saponification of Ethyl Acetate" 

University of Toledo (Dr. Lynn Bellamy) 
"Hydrolysis of Acetic Anhydride" 

Worcester Polytechnic Institute (Dr. Alvin H. Weiss) 
"Autocatalytic Reaction of Ca(OH) 2  and Formaldehyde" 
"Mass Transfer Controlled Reaction: NaOH, Methylene Blue, Glucose" 

University of Wyoming (Dr. Robert D. Gunn) 
"Alkaline Hydrolysis of an Ester" 

Yale University (Dr. Daniel E. Rosner) 
"Kinetics and Reactors - Laboratory Experiments" 

:. 	
Royal Military College of Canada, Kingston, Ontario (Dr. R. F. Mann) 

"Hydrolysis of Crystal Violet by Sodium Hydroxide" 
"Dilatometric Study of the Hydrolysis of Acetal" 
"Bionunation of Acetone" 

Kansas State University (Dr. John C. Matthews) 
"Vapor Phase Catalytic Hydrogenation of Nitrobenzene" 

Bucknell University (Dr. William J. Snyder) 
"Hydrolysis of Acetic Anhydride" 
"Hetrogeneous Catalysis - Oxidation of Carbon Monoxide" 
"Kinetics of Emulsion Polymerization" 

University of Arkansas (Dr. R. Spearot) 
"Tubular Flow Reactor" 
"Mixing with Reaction" 
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University of British Columbia (Dr. K. L. Purder) 

"Liquid Phase Homogeneous Catalysis (Including Enzymes)" 

"Gas Reaction-Heterogeneous Reactions" 	
40e 

Colorado School of Mines (Dr. R. W. Baldwin) 
Eight different experiments 

University of California, Berkeley (Dr. A. T. Bell) 
Several different experiments 



SEMESTERS/QUARTERS 

Of the universities responding, 20% operate on the quarter 

system and 79% operate on the semester system. The average length 

of the semester and quarter, taken as a combined unit, is twelve weeks. 

REPLIES TO QUESTIONNAIRES 

The replies from each school are summarized on the following 

pages. The following form is used. 

NAME OF UNIVERSITY  

Authors of Text  used in courses. (When one or more numbers 

appear before the name of the text, this indicates the course for c 
which the text is used. For example: 

1, 2 Levenspiel means the text is used for both the first and 

second courses.) 

Level of Course(s) 	(Listed to the right of the text.) 

The following words refer to replies to specific sections of 

the questionnaire. 

EXPLANATIONS  ("Some explanations of concepts I have found 

particularly effective are ...") 

FEATURES 	("Distinctive features of the course are ...") 

CHALLENGES  ("Some particular challenges in teaching reaction 

kinetics are ...") 

TEXT Any comments on the texts being used. 
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Uh.ljERSITY  OF ARIZONA 
	 CALIFORNIA INSTITUTE OF TECHNOLOGY  

Sr 
I. 
FEATURES 
Use of programmed learning text with con-
ventional lecture, quiz, examination 
method. This gives advantages of programmed 
learning without a complete conversion to 

this mode which is difficult to administer 
when the students are simultaneously 
involved in their design course. Use of 
digital simulation language to illustrate 
difficult concepts. 

CHALLENGES 
Dealing with misconception that rate=dN/dt. 
Use of energy balances from texts which 
generally give inadequate coverage of this 
topic. 

ARIZONA STATE UNIVERSITY 

1. Smith 	
Sr 

1:ALLENGES 
I .:Ydaing gap between typical academic . 
approach to reactor design and industrial 

realities. 
TEXT 
Could use better text. New edition of 
Sthith does not really update old one 
Levenspiel spends too much time on an-
alytical solutions. Aris is not prac-

tical. 

UNIVERSITY OF. CALIFORNIA (BERKELEY)  

2. Levenspiel, Smith 	 Sr/Sr 

FEATURES 
Reactor design taught via case study 
development of real system, e.g., sequen-
tial Chlorination of methane. Emphasis on 
homogeneous catalysis. 
EXPLANATIONS 
Careful definition of rate of reaction. 
CHALLENGES 
Students' lack of preparation in the 
required physical chemistry and math 
courses. 

ed for more industrial reactions in 
problems given in texts. 

1. Smith, Levenspiel 	 Sr 
FEATURES 
Given to seniors and first year graduate 
students jointly. Emphasizes not only 
reactor design but chemical kinetics, 
combustion, catalysis. 
CHALLENGES 
Chemical kinetics is not a unified sub-
ject (like thermodynamics) but rather 
a collection of topics with few unifying 
concepts. 

UNIVERSITY OF CALIFORNIA(Santa Barbara)  

2. Levenspiel 	 Sr/Sr 
EXPLANATIONS 
Using on-line RT computer console to 
show the effects of parameter changes 
on temperature and composition profiles - 

in reactorS'and in catalyst pellets. 

UNIVERSITY OF SOUTHERN CALIFORNIA  

2. 	 Sr/Sr 
FEATURES 
The importance of chemical kinetics and 
reactor design are perceived in the 
light of the overall chemical process. 

COLORADO SCHOOL OF MINES  

1. Levenspiel 	 Sr 
FEATURES 
Use of analog computer for process 
simulation. 

YALE UNIVERSITY  

1. 	 Sr 
FEATURES 
Attributes and liabilities of various 
reactor types; application of chemical 
reaction engineering techniques in other 
fields of engineerino. 

*so 





UNIVERSITY OF MASSACHUSETTS 

1. Smith 	 Sr 
CHALLENGES 
Motivation of students to cover breadth 







APrATTAN COLLEGE 

1. 	 Sr 
EXPLANATIONS/CONCEPTS 
Presentation of a large number of 
.:ihort, illustrative examples. 

STATE UNIVERSITY OF NEW YORK 

Levenspiel 	 Sr 
CHALLENGES 
Convey a feeling for real chemical 
reactions, in contrast to A + B = C. 
TEXT 
Firat edition of Levenspiel was more 
iucid than the second. I feel most 
teachers do not cover non-ideal reactors, 
which Levenspiel devotes much space.to. 
I would prefer this omitted (in an 
introductory text) and either: (1) 
a smaller, less expensive book (paper-
lc is OK),or (2) more treatment of 

eady state and of real kinetic data. 

NORTH CAROLINA 



_ 
Jr 

desL7,n rather than mechanism. 
d::ta (int,,:r-,;retation) to obtain 
kin?.tic exoressions. 

Ge TOLED3 

.• Lever:;piel 	
Sr 

of cfplf.tx industrial 

so 	anc.lytical techniques 

to ;:.cz.t can be applied 

reaction analysis, (.[) 
(?.) Physical Reactor Design 
(Aacerials, Equipment, etc.) 

31: cTre-- ATT. 

. - Sr 

' 
ranctor design prolem of 

complexity to deL:onstrate 

r,latioftships ef kinetics, thermo- 

7n.t.imit.F., , neat transfer, reactor geometry, 

and a?plication of optimization 

teocr 

...:vgratio7'1 of i:ransport pheooiaena with 

(...ineuics in design of reactors. 

OLLAi-13MA  

Sr 

.:.r.-.1rse is projer... oriented. 	Problems 

we.ad in class. Reactor design 
fe9uirirg 5C.,-80 hours is required. 

a course La "advanced assumption 
In order to soLve certain problems 

-• nea.:Is to be instilled on 

ii. a 	is to succee6, 

, 

.i.and  

criAdJiWIA STATE UNIVERSITY 

I. Le-;enspiel 
FEATURES 
Emphasis on applications. Many, many 

clt-Iss illustrations. 70% discussion and 

30Z lecture. High frequency of 10 point 

quizzes. 
CSALLENGES 
To physically envision the meaning of 

his notation and symbols. 
• TEXT 

Need a good master's level book. 

OREGON STATE UNIVERSITY 

1. Levenspiel 	
Sr 

FEATURES 
raccr.r design is emphasized rather than 

re.iction kinetics. Area consists of 

c,.calytic systems, absolute reaction 
rate theory, and the non-isothermal packed 

bed reactor. 

=...1 117:LE2.]EEL.12/1E1A  

2. Smith 	
Jr/Sr 410 

EXPLANATIONS 
Presentation of reactor design as invol- 

ving and tying together all they have 
)earned in thermodynamics, transport 

pl7enomena, etc. 
CHALLENGES 
Ability to use real situations and obtain 

meaningful results in time available. 

TEXT 
Smith is weak in first part, especially 

in non-ideal effects; good in heterogen-

eous systems. 

PENNSYLVANIA STATE UNIVERSITY 

2. Smith 	 Jr/Sr 

FEATURES 
Combining reaction kinetics with industrial 

chemistry. 
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