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here is concern in the UK academic community over

a decline in university applicants to chemical engi-

neering (see Table 1). There is an almost instinctive
reaction to attempt to account for the trend, but recalling
Sherlock Holmes’ stern injunction that to theorize in the
absence of data is a “‘capital mistake,” we shall refrain. What
would constitute hard data in this case is difficult to con-
ceive. One is dealing with opinions and views formed over
long periods of time that were subject to a host of influences.
Even when a clear question can be formed, such as “Why do
females account for only approximately 25% of applicants?”
it rapidly becomes apparent that there are no simple answers.

Fretting over the causes of the decline will, in any case,
not result in any useful outcome. Our principal concern here
is with describing a proposal for halting (and perhaps even
reversing) the trend. It will not be an easy task, and in order
to make a real impact on the situation, it will require imple-
mentation on a large scale.

Our basic premise is that opportunities exist within the
teaching of chemistry at schools to introduce information
about disciplines allied to chemistry, i.e., chemical engineer-
ing. We describe below a scheme intended for integration
into the teaching of practical organic chemistry. Writing in
the UK, we felt it logical to set out our proposal in the
context of secondary-school (i.e., pre-university) education
in the UK. We hope that in this way the non-UK reader
would be able to compare and contrast the situation existing
in his or her own country with the UK problem. In addi-
tion, it should enable the reader to better determine the
most appropriate age for applying the proposed project in
his or her own country.

This last point is very important; we are firmly of the
belief that the project work we describe (and equally impor-

tant, its implementation) should be of universal applicabil-
ity. One of us (KH) has recently returned from conducting,

with other representatives of UK chemical engineering, a
survey of academic research at the top US departments,
and the opportunities to discuss other, related matters—
including student recruitment—proved too great to re-
sist. The impression gained from those informal discus-
sions was that the US faces a broadly similar situation in
declining enrollments.

BACKGROUND OF
UK EDUCATIONAL STRUCTURE

Before embarking on a description of the project, we feel
it is necessary to offer a brief explanation of the entry pro-
cess to UK universities. The current matriculation route
(excluding Scottish universities) is via the Advanced Level
of the General Certificate of Education, commonly referred
to as ‘A’ levels. At 16 years of age, prospective ‘A’-level
school or college candidates will have elected to sit exami-
nations in, typically, three subjects, which they study for a
period of two years. An offer of a university place is made to
individual students in the form of a cumulated ‘A’-level
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TABLE 1
Applications to UK’s
ChE Degree Courses*

Year  Male Female Total
1994 1017 324 1341
1995 913 353 1266
1996 897 328 1225
1997 873 319 1192
1998 787 324 1111

*The figures shown here were
derived from data supplied by
the Universities and Colleges
Admissions Service based in
Gloucester. Under existing
conditions, students may
apply for entry to up to six
university departments in any
academic discipline. The vast
majority of students apply to
the maximum number of
departments to study a single
discipline. We have assumed
this to be the case in arriving
at the figures presented here.

TABLE 2
Students Sitting ‘A’-Level
Examinations by Subject*

Year Mathematics Physics Chemistry
1994 67,984 36,600 41,805
1995 65,892 35234 42836
1996 68,709 33,361 40917
1997 70,414 33,657 42,841
1998 71,615 34,518 43,385

*Source: Qualifications and Curriculum

Authority, London, 1999

TABLE 3
Students Sitting ‘A’-Level
Examinations in the
Combination Mathematics,
Physics, and Chemistry*

Year # of Students

1994 8,507
1995 8,762
1996 8,069
1997 8,794
1998 9,754

*Source: Qualifications and Curriculum
Authority, London, 1999
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score, which may or may not be accompanied by other
constraints, such as minimum grades in one or more sub-
jects. The Scottish system is different in that students there
sit the Higher Grade of the Scottish Certificate of Edu-
cation (‘Highers’). Students take a broader range of
subjects somewhat at the expense of depth of coverage,
with the consequence that courses at Scottish universi-
ties are generally correspondingly longer than those
elsewhere in the UK.

‘A’ levels have long been criticized as requiring young
people to specialize at far too early an age. This is particu-
larly the case when compared to the majority of other
European states. (There is now a real prospect of change
being introduced, with the aim of maintaining educational
breadth beyond the age of 16 without compromising depth.
Whether or not this is achievable remains to be seen, but it
is in any case outside the scope of this paper.)

The preferred combination of ‘A’ levels for entry into
most UK chemical engineering departments is mathemat-
ics, physics, and chemistry. The number of students taking
any one of these particular ‘A’ levels has remained rela-
tively steady over the last five years (see Table 2). The
crucially important figure, however, is the number of stu-
dents presenting the combination of mathematics, physics,
and chemistry (see Table 3). The encouraging feature of
this data is that it shows an increase in students offering
this ‘A’-level combination; less encouraging is the fact
that the decline in applications to chemical engineering
has been occurring against the background of this increas-
ing pool of suitably qualified young people.

THE NEED FOR RECRUITMENT PROGRAMS

Our purpose in the following proposed program of inte-
gration is to raise awareness of the discipline of chemical
engineering among our young people. There are probably
many ways of achieving this end, but whatever approach
is taken, we feel that there are certain principles that must
be upheld. The task must be seen as one of informing
young people, not as one that attempts to entice them away
from other disciplines. It has been our experience that one
gains the respect of audiences of young people if one
states, and adheres to, this principle.

We do not wish to be seen as claiming that the situation
described here has previously gone unrecognized. It hasn’t.
Both professional and industrial bodies have expended
considerable time and money in producing educational
materials in a variety of formats, including leaflets, post-
ers, videos, and CD-ROMs aimed at exciting interest about
chemical engineering in the minds of young people.
Whether or not the producers of such materials realize
how fierce the competition is for those young minds is
another matter.

... the
decline in
applications
to chemical
engineering
has been
occurring
against [a]
background
of [an]
increasing
pool of
suitably
qualified
young
people.
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Those most immediately affected by falling admis-
sions (the universities) have responded to the situation
by offer ing short residential courses aimed at giving
young people “hands-on” experience in the different
branches of engineering. Most of these schemes are
aimed at 16-year-olds, those about to embark on their
‘A’ levels. The majority of these students will have
already made up their minds whether they will choose
Arts or Science ‘A’ levels. This latter group is the one
from which engineering departments recruit students.

While such recruitment schemes are admirable in
achieving their rather limited purpose, they can actu-
ally serve only to attract students away from the pure
sciences or to redistribute students among the various
engineering disciplines. This is not intended as a cyni-
cal criticism of these so-called “taster courses,” since
in many cases they have helped individuals form opin-
ions about their future careers. Nor do we argue that
these courses should no longer be offered. But it is
evident that from a recruitment point of view, they
have only limited impact, and applicants for chemi-
cal engineering continue to drop despite the exist-
ence of such courses.

It should be equally clear that the time to promulgate
the message about the virtues of a career in engineer-
ing is before the age of 16. At 14, for instance, fewer
children will have strongly held ideas as to their
future careers. Even more important, they will not
yet have committed themselves to some branch of
intellectual endeavor (e.g., Arts or Sciences) as the
British system requires.

Those who have organized engineering taster courses
appreciate the resources, and the time, that must be
expended to operate them successfully. Insofar as en-
gineering is about making things happen, about doing,
it is difficult to convey this sense of achievement in
leaflets or videos. It is relatively simple for a univer-
sity department to produce 20,000 leaflets extolling
the virtues of chemical engineering, but quite a differ-
ent thing to actually enable 20,000 individuals to ex-
perience chemical engineering first hand.

No single department could hope to bring about
significant changes on its own; instead, a concerted
effort is required. In one sense, approaches to younger
children should help eliminate some of the rivalry that
exists between departments; recruitment by universi-
ties of students who attend their existing taster courses
aimed at 16-year-olds is not insignificant. At 14, it
could be argued, the objective becomes more one of
gaining a convert to science and engineering as a
whole. Also, at that early age it is unlikely that an
individual would commit him or herself to any one
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You are to carry out the synthesis of methyl salicylate. This is one of the
active ingredents in the traditional remedy known as “Oil of Wintergreen.”
Methyl salicylate has a pattern of action similar to that of aspirin, i.e., cure
for headaches and other general low-level aches and pains. Take 1 mol of
salicylic acid (2-hydroxybenzoic acid) and react with 5 mol of methanol,
using 0.2 mol concentrated sulfuric acid as a catalyst. The reaction should
be carried out under reflux conditions (boiling of the mixture) for 5 hours.
Extract the product into an equal amount of cyclohexane. Wash the organic
phase with aqueous sodium carbonate solution and dry subsequently over
anhydrous sodium sulfate. Distil to remove the cyclohexane and analyze
your product.

The reaction scheme is given below:

H OH
C—OH C—OCH;
[ H [
0 + CH3—OH ~——= o) + H0

What does the sulfuric acid do? Why do you use excess methanol: Why do
you wash with sodium carbonate solution?

You will have to assemble your own apparatus from the glassware provided.
This is a simple and safe synthesis to carry out provided that you adhere to
normal safety procedures.

Figure 1. Instructions for the laboratory synthesis of
methyl salicylate.

You are required to prepare an outline design and provide preliminary
costing for an industrial facility to produce 300 tonnes per year of methyl
salicylate. Methyl salicylate is produced by the reaction of salicylic acid and
methanol in the presence of H,SO, as follows:

H250, (MW=98)
CsH.OH.COOH + CH;OH ¢» C¢H.OH.COO.CH; + H,0
Salicylic acid Methanol Methyl salicylate Water
MW=138 MW=32 MW=]52 MW=18

The reaction takes 5 hours at the boiling point of the mixture. The methyl
salicylate product separates out as an immiscible liquid layer, which subse-
quently has to be washed with dilute sodium hydroxide and then with water.
To be cost effective, the industrial process operates somewhat differently
from the laboratory scale experiment.
The facility will be operated as a batch process, but you are free to choose
any operating pattern you consider suitable (e.g., 8 or 24 hours per day, 5 or
7 days per week, all year round campaigns, etc.). You may assume that sales
demand is spread reasonably evenly over the year.
Your task
You will be split up into design teams for the purpose of this exercise and
you are expected to elect one of your team members as team leader and s/he
will be responsible for co-ordinating the teams’ activities and for ensuring
that a design is produced in time to make a brief presentation. For this, you
will be issued with only two overhead transparency sheets. You should
consider the following:
* How you are going to make the reaction happen.
e How the plant is to be operated.
« The size and cost of your reactor (in n’).
e How you will get the raw materials into the reactor.
* How you are going to avoid environmental pollution and what opportu-
nities exist for recovery of raw materials.
* What other considerations would have to be taken into account in
determining whether your plant will operate at a profit.
o Will this process yield a saleable product? If not, what additional steps
need to be taken?

Figure 2. Design specification for a plant to produce
methyl salicylate.
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particular department. We believe that the proposal described
in this paper could form the basis of an initiative aimed at
increasing awareness of engineering in these young people.

INITIATING
LOUGHBOROUGH’S OUTREACH PROGRAM

We decided to try our recruitment scheme on 14-year-old
children from a local school. We felt that this age group
would have a sufficient knowledge of chemistry for the
project and would be able to tackle what would be some
quite novel concepts. Both we and their teachers felt the
project should begin in an environment familiar to them—
their own school laboratories. The proximity of the school to
the university also meant that the children could continue to
make use of school resources such as the libraries, internet
access, etc. Involvement of a

introducing the reactants into a vessel, heating them, mixing,
cooling, etc. Although simple in concept, it proved highly
effective. The design brief given to them is shown in Figure 2.

For this exercise we found it preferable to divide the
students into teams of not more than six. Groups of this size
helped break down the reserve felt by some individuals and
to lead to lively discussions. It is essential to let the students
generate ideas themselves, but it is equally important to have
someone on hand to help them eliminate ideas that are evi-
dently impractical, as well as to keep them on track gener-
ally. Both authors have personally carried out this role, and
we have also made use of postgraduate demonstrators, who
were carefully primed for the role with emphasis on the need
to gently guide the students toward a solution.

The exercise can, to quite

local school had other ben- a large extent, be tailored to
efits; in par[icular, it was un- TABLE 4 fit time constraints. We have
necessary to arrange accom- Program Timetable operated it corpfoﬂab]y over
modation and catering. ‘ ; — ' -~ a period of five days; two
Involving - [ Monday Tuesday Wednes-day Thursday Friday days in the chemistry labo-
. Introduction to Introduction to ratory and three at the uni-
teachers was a key factor in the program the strategy i Table 4). 1
the success and smooth run- Laboratory of design Group A labs Design versity (Se.e a e_ ). In or-
ning of the project. They were — synthesis Group B design [ (both der to maintain high levels
invited to the univé:rsity about Higpetety ol bt Ll of enthusiasm among the
chemital Gronp Bidesigh students, we found it useful
a week before the program engineering . ) y ]
: to intersperse this period of
was implemented and were [ Lunch Lunch Lunch Lunch | : ith ional £
fully brietad on lopistic - — . . - time with occasional forays
u - y € on log > The chemistry | Visit to Group A design | Group A design Design into our teaching laborato-
safety, and other matters. of salicylates industrial Group B labs Group B labs | presentations :
: . Iytical ries, where the students were
They were given a brief over- analytica _
: . laboratory first shown, and then al-
view of our laboratories (we i
lowed to operate, pumps,

intended that the school chil-

dren would make use of them,

as explained below). Overall supervisory and other duties
were shared between two members of the academic staff of
the department.

The students were asked to undertake laboratory synthesis
of methyl salicylate. The instructions given to them are
shown in Figure 1. We found it convenient to split the
students up into teams of three or four, with each team being
given one set of the necessary apparatus. The exercise proved
to be well within their capabilities and was readily executed
by the students over a two-day period.

The next stage of the exercise was for the students to
design a facility for producing 300 tonnes per annum of
methyl salicylate. This task was performed at the university.
Before starting this part of the program, the students were
reminded of the operations they had already conducted and
which they would now have to “translate” to a larger scale.
We achieved this by mimicking the operations using water
in the place of methanol and sulphuric acid and sugar in the
place of the salicylic acid. By removing the chemistry, the
students were able to concentrate on the actual process of
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pneumatic solids conveying
equipment, valves, heat exchangers, and other process plant
equipment, Naturally, this was done under very closely su-
pervised conditions. For this the children were divided into
two groups, A and B, as shown in Table 4.

We feel it is essential that students obtain an overall pro-
cess flowsheet relatively early in the exercise. It is also
important to illustrate the depth of reasoning and the rigor
that is required in the design of individual items of a
chemical plant. We have tended to focus on the reactor as
it is central to the process and therefore consideration of
what happens both up and downstream of it needs to be
taken into account.

Rather than overburdening the students with large collec-
tions of data sheets and the like, we have found it preferable
to provide them with information as the need for it arose. For
example, the students were required to make use of the
library to determine what materials were suitable for fabri-
cating the reactor. Another task, that of finding the bulk
selling price of methyl salicylate, required them to make use
of the internet. An advantage of this approach is that it does
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not appear to the students as being over-prescriptive: as long
as progress toward the final presentation is made, there is
scope for exploring at least some of the “alleys and byways.”

In the current generation of young people, it is perhaps not
surprising to find the extent to which concern for the envi-
ronment crept into a design exercise such as this. This actu-
ally presents an opportunity, which if seized can help the
participants form a more

In order to make the design exercise as realistic as pos-
sible, a number of our industrial contacts agreed to receive
telephone inquiries from the students concerning the costs of
shift labor. There are a number of forms that industrial
involvement could take, and those cited above represent
typical examples only. The students’ final task was to make
a short presentation to an audience that included their peers.

This in itself was a new

balanced view about the
chemical industry. It has
been our experience that
opinions held by most
of the students on this
subject tend to be nega-
tive ones; such views
may not be well-in-
formed, but they never-
theless represent ones
that have to be con-
fronted. The students
themselves raised envi-
ronmental concerns and
were encouraged to see
that solutions were

Salicylic Acid

Methanol

Sodium Hydroxide Water

experience for many of
them, and it provided an
opportunity to explain
their processes and to
present their principal
findings.

We decided to pre-
pare a process flowsheet
(see Figure 3) to enable
the students to see what
one looked like and also
to allow them to com-
pare their designs to it.
We wished also to in-
troduce the concept that
in engineering it is pos-

available to meet those
concerns. More impor-
tantly, they discovered
this for themselves. We
found that they acquired a rather proprietorial attitude—this
was their plant and they were going to operate it in such a
way as to cause minimum impact on the environment. Inter-
estingly, no student has ever questioned the need for the
plant; they seemed to recognize that such pharmaceutical
products are of general benefit to humanity.

We stated earlier in this paper that the collaboration of
industry was helpful in operating a scheme such as we have
proposed here. We should note that this needs to be done
with sensitivity. We have often been surprised at how alert
young people are to what they consider to be overt forms of
company propaganda. We wanted to ensure that the students
primarily associated the whole exercise as a collaboration
between their school and the university. We wanted to en-
sure that industrial involvement was less obtrusive, but was
nonetheless significant to the success of the scheme.

In our case, this consideration took the form of a link with
a local pharmaceutical company that undertook to conduct
chemical analyses of the reaction products that the students
had synthesized. The students were invited to the company
laboratories and given a brief tour. They were then given
a brief survey of potentially suitable analytical techniques
followed by a fuller explanation of the process (High
Pressure Liquid Chromatography, HPLC) actually used
for their samples.
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Figure 3. Flow sheet for a methyl salicylate
production facility.

sible to generate more
than one perfectly ac-
ceptable solution to the
same problem.

CONCLUSIONS

We have operated this exercise for two successive years,
in each case to groups of about twenty students. Feedback
from both the students and their teachers has been extremely
encouraging. It is justifiable to ask how the success of this
scheme is to be assessed, but it is still too early to say if the
initial enthusiasm expressed by the students will translate
itself into more of them selecting the right combination of
‘A’ levels and ultimately electing to study chemical engi-
neering, or indeed chemistry, at university. We view the
operation of our scheme very much as a pilot exercise.

In any event, we are dealing with the statistics of small
numbers, and as we have already stated, real benefits will
only become apparent if the scheme is carried out on a
significantly larger scale. The fact remains that all those who
were involved in the program were unanimous in finding it a
useful and enjoyable exercise. If it served no other purpose
than to put the chemistry that these children receive at school
into a context that is not normally available to them, then we
have performed a useful service.
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