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ducational literature makes frequent reference to the

fact that people have many different learning styles,

and in order to tap into these different styles, a vari-
ety of teaching assessment methods can be used.!" Inspired
by this literature, I decided to include written-answer ques-
tions alongside numerical problems in the assignments and
exams given to students in a third-year undergraduate sepa-
ration processes course.

The course covers topics such as gas absorption/stripping,
distillation, leaching, and extraction. When I took it as an
undergraduate, all of the assessment was based on calculat-
ing the answers to numerical problems, e.g., “How many equi-
librium stages are required to perform such-and-such a counter-
current separation?” In many introductory textbooks, the
end-of-chapter questions also consist exclusively of nu-
merical-type problems.">*

The result was that this was the only style of question I
used during my first few years of teaching this course. But I
found that students often mechanically follow procedures for
constructing operating lines and stepping off stages by (for
instance) the McCabe-Thiele method without having any
physical understanding of what these lines mean. They do
not take time to read the background material in the text, look-
ing only for worked examples that will help them solve set
problems. By using written-answer questions, I hoped to force
students to understand the material at a deeper level.

QUESTIONS USED

A number of questions were posed at the end of each chap-
ter in the course study guide (see Table 1). Students were
referred to chapters in the textbooks where answers could be
found and were told that some of the questions would appear

Most students believed [written-answer
questions] helped them gain a deeper
understanding of the material. At the

very least, it adds some variety
and freshness to the course.

on the exams. This warning serves to motivate them to com-
plete the set readings.

In the assignments and exams, some additional written-
answer questions were used (see Table 2). Assignments were
performed in groups of four. The first question in Table 2,
concerning Fick’s law, is based on a similar example given
by Felder'® for Fourier’s law of heat transfer. To illustrate
Fick’s law, students gave examples ranging from the diffu-
sion of the smell of toasting bread throughout a kitchen to
the interchange of oxygen and carbon dioxide in the lungs.

The second question in Table 2, on “Life Without Distilla-
tion,” was designed to get students to consider the role that
distillation, and hence chemical engineering, plays in mod-
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TABLE 1
Questions Posed at the End of Each Chapter
of the Study Guide

TOPIC I: Staged Countercurrent Gas Absorption and Stripping

* Why are continuous mass transfer columns generally run
countercurrently rather than co-currently? Is there any situation
in which you would use co-current?

* What are the relative advantages and disadvantages of bubble-
caps, valves, and sieve trays?

* Describe the various flow conditions that can occur in tray
columns, such as flooding, weeping, entrainment, and coning.
Explain their causes and also why these conditions are undesir-
able.

* What determines the optimum solvent flowrate to use in a staged
countercurrent mass-transfer column?

¢ Define an equilibrium stage and the Murphree stage efficiency.
Why are real stages often less efficient than ideal stages? Can a
real stage ever have greater than 100% Murphree efficiency?
Explain.

* Do the analytical solutions used to calculate the number of stages
required in lean-phase systems give an overestimate or an
underestimate when applied to rich-phase systems? Explain.

TOPIC 2: Distillation

* What are the relative advantages and disadvantages of flash,
batch, and continuous countercurrent distillation?

» Does batch distillation always give better separation than flash
distillation? Explain.

* What are the required conditions for the operating lines of a
continuous countercurrent distillation column to be straight?
How realistic are these assumptions?

* What determines the optimum reflux ratio at which to operate a
countercurrent distillation column?

* What is the effect of preheating a feed stream before it enters a
distillation column? Does this offer any advantage? Explain.

TOPIC 3: Packed Columns for Absorption and Humidification

* What are the relative advantages and disadvantages of packed
versus tray columns?

* What properties are important when choosing a column packing?

* What determines the optimum gas and liquid flowrates to use in
a packed column?

 Is humid air denser or lighter than dry air? How is this exploited
in the design of cooling towers?

* What is the difference between an adiabatic saturation line and a
wet-bulb temperature line? Why are the two similar for air-water
systems?

* Why is cooling water often cooled and reused rather than using a
fresh supply of water? What problems are encountered when
water is recycled in this way, and what measures are taken to
overcome these problems?

TOPIC 4: Leaching and Extraction
* What are the desirable properties for a solvent to use in liquid-
liquid extraction operations? Explain why each is beneficial.
* What are the relative advantages and disadvantages of liquid-
liquid extraction versus direct distillation for the separation of
two miscible compounds?

ern society. I could have simply asked them to make a list of
everyday items that require distillation at some stage in their
manufacture, but instead I asked them to speculate on how
life would be different without distillation, hoping that this
would engage their interest and imagination. Of the seven
groups, four took up the invitation to use a fictional story to
illustrate their answer (see Table 3), while the other three
groups used the more conservative approach of simply list-
ing and discussing items that would no longer be available
without distillation (see Table 4).

Many of the stories were quite imaginative and creative. In
Table 3, for instance, the group has woven into the story some
complaints about the difficulty of the previous assignment
(this may have had a cathartic benefit?) and also made hu-
morous reference to one of their professors who in lectures

TABLE 2
Additional Questions Used in
Assignments and Exams

Question 1: Fick’s Law

Describe molecular diffusion and explain Fick’s law in terms
understandable to a senior high school student. Explain an
everyday phenomenon of your choice by using Fick’s law.
(Maximum, 1 page)

Question 2: Life Without Distillation

Describe how daily life would be different (perhaps by using a
story?) if the distillation process had not yet been discovered. Be
creative! (Maximum, 2 A4 pages of double-spaced, 12-point font
text)

Question 3: Trays and Packings

Write a report on the topic “Trays and packings used in distillation

and gas absorption/stripping operations.” In this report you should

* Describe the different types of trays and packings commercially
available for distillation and absorption columns.

* Discuss the properties of importance when choosing between
different types.

* Describe the relative advantages and disadvantages of tray
versus packed columns and the factors that determine which you
should use in any given application. (Maximum, 10 pages)

Question 4: Extraction versus Distillation

Write a brief memo on the topic: “The relative advantages and
disadvantages of extraction versus distillation for separating two
miscible liquids. (Maximum, 2 pages)

Question 5: Designing a Separations Unit

You are a process engineer who has been asked to design process
plant to remove a dissolved liquid solvent from an aqueous (i.e.,
water-based) waste stream, Discuss the issues that you would
consider when choosing, designing, and sizing an appropriate
separation system. Issues you should address include (but are not
limited to) economic, safety, and space constraints. How would you
decide whether to use distillation, liquid-liquid extraction, or
stripping? You should specify what material properties and other
information you would need to know to design the system.
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frequently uses the expression “There’s no magic
here, people.” I imagine that this group would have
had a good laugh together as they brainstormed ideas.

The only negative aspect of these creative stories
was the tendency of many groups to use the stereo-
type of engineers as heavy drinkers of alcohol. Given
the topic of distillation, however, it was perhaps in-
evitable that this would occur.

Question 3, Table 2, on trays and packings took up
an entire assignment. This question involved the stu-
dents doing research. They were encouraged to read
widely, look things up on the web, and to approach
manufacturers for information. This assignment
seemed to serve its purpose of helping students un-
derstand the pros and cons of the various types of
trays and packings.

The biggest problem in most reports was the fail-
ure of students to critically evaluate manufacturers’
claims. Many reports simply repeated verbatim from
manufacturers’ sale brochures such statements as
“Packing XYZ is the best available packing for...,”
without any qualification or supporting evidence.
One additional benefit of assignments like these
is that they provide the lecturer with a useful list
of web sites to which he can refer students in sub-
sequent years.

The fourth question was fairly straightforward, sim-
ply involving summarizing the lists of pros and cons
of extraction versus distillation. These are given
in the introductory section on extraction in most
textbooks. -7

The fifth question was allocated thirty minutes
on the final exam. It was designed to test how well
the students had integrated what they had learned.
The average mark I awarded for this question was
only 43% (standard deviation 21%, number of stu-
dents 29).

Most students seemed to struggle with the open-
ended nature of the question. They often spent a great
amount of time on one specific point, such as pack-
ing types, without exploring the full range of issues
involved. In hindsight, it may have been better to give
a few of these open-ended type questions in their as-
signments in order to better prepare them for answer-
ing this type of question on the exam.

STUDENT RESPONSES

No quantitative assessment was performed to see
if use of written-answer questions enhanced student
understanding, but a qualitative evaluation was per-
formed at the end of the subject by asking students
to answer the following question:
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TABLE 3
Sample Answer (Question 2, Table 2)
From a Group Using a Creative Story

After struggling for hours on Assignment 2, Question 3, a group of discouraged
3rd year chemical engineering students were walking to the library to start
Assignment 3. While walking, one of the members said, “T wish distillation had
not been discovered.” Suddenly out of the bushes on the Don Morris walk leapt
the Magical Professor, who promptly cast a spell and granted the group’s wish.
Instantaneously the four members were transported to a parallel universe.

After such an experience, the group decided (as all engineers would) to go to
the bar. Upon arriving at the Godfrey Tanner Bar, wanting something a little
stronger than the usual, the group ordered a selection of spirits that included
whisky, bourbon, rum, and Malibu. Much to their disappointment, the bartender
cast them a confused look and said, “Victorian Bitter or Tooheys,!"! take your
pick...and maybe a nice red for the lady.”

The group, sullen with disappointment, took their beers carelessly and one
member spilled the contents of his glass all over his new $200 jacket. “This will
need dry cleaning!” he exclaimed. Another member said, “At Contact they do
dry cleaning,” and so they all walked over to Contact, only to discover that this
service wasn’t only unavailable, it was unheard of!

Then one of the members burst out with laughter at a fellow student lighting
his cigarette with sparks from his flint and steel. The group decided in a
unanimous vote to get out of this “bizaro world” and headed off to the car park.
Upon reaching the car park the group was confronted with a dusty plain and not
a car in sight. “Dude, where’s my car?” yelled the red-header ‘pwouf’ boy from
chemical engineering when he discovered his Corolla wasn’t there.

So the group had a long hike to the train station, with their spirits low and,
feeling like there was nowhere they knew, they just kept on going.

The train turned up on time, as usual, but there was something distinctly
different about it - it was steam powered! It hurled plumes of black smoke and
soot all over the four adventurers and their beer-stained jackets.

A sudden change in the weather caused a downpour of rain. The group was
unphased as their jackets were waterproof...or so they thought. Actually, the
water soaked straight through their clothes. Professor Smith'? was also at the
train station and, overhearing their conversation, he stated, “There is no magic
here, people.”

The four adventurers then had a group huddle. “What can we do next?”” The
problem was, there were so many things to do, but so many things were changed
as a result of their impromptu wish. For example, Jason said, “Let’s go to the
beach,” but the problem with this was that sunscreen, surfboards, and
bodyboards did not exist. Kelly said, “Let’s go to the movies,” but once again
the movie screen, camera parts, and sound speakers need the products of
distillation.

The whole group by this time was utterly distraught and had given up on the
world without distillation and its offshoots. Then the Magic Professor reap-
peared and said, “You have seen the present without distillation and it was
nothing like you could ever imagine, for you my friends are now the privileged
ones who can strive in life with the power of DISSTLEFORCE running through
your veins. Now you will uphold the law of the mighty distillation column and
never let it be ridiculed again.” With two taps of his distillation wand we were
back in Newcastle.

From that day onwards, the University Distillation Inebriators Congregation
(U.D.I.C.) never allowed bad words to be said about distillation and helped
everyone in engineering to cope with life by giving free alcohol (distilled
themselves) religiously once a week at a Barby."”)

The End!™

I Australian brands of beer-

I2I Name of lecturer changed to preserve anonymity.

31 Australian slang for “barbeque”

14 Spelling and grammatical mistakes in the original manuscript have been
corrected.
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There seems to be no reason why
this approach could not also be used
in other courses, particularly
those involving application of
engineering principles.

TABLE 4
Sample Answer (Question 2, Table 2) From a Group
that Did Not Use a Creative Story

Life Without Distillation?

Without the discovery of the distillation process, our modern way of
life would not exist as we know it. Many of the everyday objects,
machines, and processes we take for granted would not be around
without distillation.

If one were to visit a distillation-free world, it would be much like
stepping back in time. Cars and internal combustion engines would
not be around, making it necessary to rely on coal or wood-fired
steam engine technology. If this were the case, society would need to
have extensive public transport systems running as personal steam
engine cars would be far too impractical and polluting. If petroleum
distillates were not readily available as fuels and lubricants, transport
of goods and mail would be slow, slowing economic and technologi-
cal growth in far-away areas. Indeed, almost every aspect of modern
life would be different without the petrol/diesel engine. Even warfare
would be a totally different event—without planes, jets, tanks,
submarines, etc., wars would be fought in a totally different manner,
even if other technologically advanced weapons were available.

Many simple chemicals would not be available in their pure form
without the use of distillation. Benzene, for example, can be obtained
in large amounts from fractional distillation of crude oil. Without this
chemical, many other beneficial chemicals would not be available to
industry. TNT, for example, is based on the (methyl)benzene
molecule; without this powerful explosive, mining would be slowed
down immensely, affecting the production of many important metals
such as iron and aluminium. Benzene is also a precursor for many
beneficial pharmaceutical drugs, such as the benzodiazepine family.

Many plastics, rubbers, and other polymers could not exist without
employing the distillation process to obtain the monomers needed for
their manufacture. Without plastics, many modern-day products such
as plastic bottles, plates, food wrappings, etc., would have to be made
from other, more costly, materials such as metal and glass.

No distillation would mean that the only drinks down at the local
pub would be variations of beers and wines. Distilled spirits such as
rum and gin would not be for sale.

Many perfumes, fragrances, and esters would not be available, as
these require distillation and refluxing to separate them into a
concentrated form. Esters are used in many foods as artificial
flavorings and aromas; confectionary-like bubblegum (original
flavor) and banana Paddlepops!" could not be made without them.
Even concentrated natural chemicals such as vanilla essence and
various essential oils would be difficult to obtain.

I An Australian brand of ice-block/ice-cream.
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Assessment in this course has involved written-answer
questions in the assignments and exams, as well as the
more traditional numerical-type problem solving. Have you
found these written-answer questions helpful in gaining an
understanding of the course? Explain.

Of 29 students in the class, a total of 20 answered this question,
with 18 responding that they found written-answer questions
helpful to their understanding. Positive comments included ref-
erence to enjoying the change from numerical-type questions,
benefiting from being forced to understand at a deeper level
than just putting numbers in equations, and having to read more
widely than they would have otherwise.

Only two students claimed that they learned better from nu-
merical-type questions. The major negative comments about
written-answer questions were

1) That they are subjective and hard to get full marks on (2
responses)

and
2) That they require much more time and reading to answer,
which was an overload given the course’s existing heavy
workload (3 responses).

Therefore, the students themselves were overall positive about
having to do written-answer type questions as part of their as-
sessment. Most students believed it helped them gain a deeper
understanding of the material. At the very least, it adds some
variety and freshness to the course.

CONCLUSIONS

It is possible, without too much difficulty, to generate a list
of written-answer questions to use in assessment for a separa-
tion processes course. Students responded positively to this
addition to the traditional numerical-problem-solving type of
question. It appears to force them to read more widely and to
understand the content more deeply.

Many students also took advantage of the opportunity to write
creatively when the opportunity presented itself, something they
would otherwise rarely get the chance to do. At the very least,
this serves to create some variety and interest in the course.
There seems to be no reason why this approach could not also
be used in other courses, particularly those involving applica-
tion of engineering principles.
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