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This paper presents the development of an integrated foundation course in chemical engineering,
which was specifically designed to meet the needs of a class of students from widely differing
educational backgrounds. The following premises formed the basis for the course: (a) it should
address the needs of disadvantaged students as well as advantaged students; (b) The Chemical

Proroce Inductrios and Comnutating roviveoc chavld ho intooratod with tho ronventinnal miace
FFOCESS ANGUSINGS QR4 LOMPRIGHONR COUrses SnouiG oe tniegraied wiln ine CoOnRvenRiiona: mass

and energy balance subject matter; (c) the course should progress towards the application of com-
puter flowsheeting packages. The detailed implementation of the course is described, inciuding

course objectives and a course outline.

INTRODUCTION
THIS pa p r describes the development of a foun-
dation course in chemical engineering which inte-

grated the Chemical Process Industries and
Computation courses with the normal subject
matter of such a course, namely mass and energy
balancing. This course was designed to meet the
needs of a population of students from widely dis-
Tt had ta haln
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parate educaticnal backgrounds.
those from severely disadvantaged backgrounds at
the same time as challenging the top students.

In addition, the course was meant to be a fiiter, in
that students lln]ll{PlU to succeed in later years were
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to be discouraged from continuing to study chemi-
cal engineering, as well as forming a foundation for
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BACKGROUND

The chemical engineering degree at the Univer-
sity of Cape Town is a four year programme, with
the first year being largely basic sciences, the

second yr:lqr containe further conrcec in chemictrv
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and mathematics together with introductory chem-
ical engineering, the third year involves intermedi-
ate chemical engmeenng, and the fourth year
advanced chemical engineering,

For many years, the second year introduction to
chemical engtneenng consisted of a 4-credit course
in Chemical E Engineering Calculations (mass and
energy balancing) in the first semester, followed by
2-credit courses in Fluid Flow and Heat Transfer in

the second semester.

alise course structures and offer larger, more
integrated courses in the various subject areas. As a

result of this, Fluid Flow and Heat Transfer were
combined with Transport Phenomena and moved
into the third year, and Chemical T—Tnmnppnng

Calculations was combmed with Computation and
Chemjcal Process Industries and expanded into a

COUISE ldbllllg uu: WllUlC yCdl, LdllCU \_,m:uuuu
Process Analysis (CPA).

At the same time, there was concern over
students who were entering many third year

rnnrcac with an inadamiate aracn nf tha fiindaman_
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tals taught in second year. It was therefore decided
to make CPA a prerequisite for all third year
chemical engineering courses, and to ensure that
students nasgine it had mncrprpd the basics,

SLALTAILS PASSIIE A 1200 LISV A Mab URo:

The creatron of the CPA course coincided with
the start of a large increase in the proportion of
students from uisauvamageu UaCKgTO‘unua enter-
ing chemical engineering. This is reflected in the
enrolment for CPA which is shown in Fig. 1. It is
also clear from Fig. 1 that the absolute size of the

DA ~lace wag incraacing at the cama tima Qinsa
LA Llads wad uititasiiy at the same time. Since

1987, about 40 per cent of the students in CPA
have been disadvantaged to a greater or lesser
extent (see Fig. 2). In Figs 1 and 2, students have

been classified ]"\y racial backeround. becanse the
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school education system has been classified this
way. The group labelled ‘Other’ comprises largely
LOIGUT@U bU.l(lCﬂ[b, Wlll'l some lIlU]arlS as 'wcu

The first CPA course was run in 1985. It con-
sisted of basic mass and energy balancing, taught
out of Himmelblau [1] (as for the prevrous Chemi-
cal Lngineeru'ig Calculations CG‘;H‘SG), prUS CGi"‘upU-
tation, chemical process industries and some unit

operations.

I was asked to take over CPA in 1986, together
with Professor J.-P. Franzidis. I felt that the unit
operations material was out of place in the course
and decided to include process syn h esis and flow-

Sﬂee[lng lnsteau, as extensmns O Das
energy balancing, in order to make hg course hang
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together better. Dunng 1986 we reviewed the
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Fig. 2. CPA class composition.

content of CPA as well as the textbook used to
teach it. The course presented here was a result of

that ragtruictniring and the Adasvalanmeant which
uiat 1voliuviul uxs aiiu l.l.l\-r UUVUIUPAII\,IAL ARSI N Y

followed.

The following principles guided us in the restruc-
turing of the CPA course:

The course should meet the needs of the struggling

nénls thho haiols
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vantaged students.

These seem to be two mutually exclusive
demands. We had already experienced the diffi-
Aty Af tannhing o alacg in whinh tha ahility A Anna
LI.II.L) Ul Lcal..xuus a Liadd 11 wileldl w1 CI.ULllI.)’ (L9 \.-UPD
with the material being presented was enormously
widespread. We had observed that one of the
difficulties manifested by the disadvantaged stu-
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because of unfamiliarity with the process involved.
This meant that it was important to introduce the
student to the processes used in problems before
they were asked to solve them.

At the same time we had to be wary of putting off
the brightest students by boring them Thus it was

dlbU ul.llJUl. iant lU uu,u.iuc 1H1dLClL l.d.l wuu..u 'w'ui.l}d
excite them and stretch their capabilities.
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Computation and chemical process industries
should be integrated with the rest of the subject
matier.

In order to enhance the learning process, both
computation and chemical process industries was
integrated with the mass and energy balance

matarial Thic wac narticnlarly imnartant in view nf
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the different nature of the computation material.
This could readily be achieved by introducing
computation techniques as they were required to
solve the mass or energy balance equations which
had been derived. A subsndiary objective grew out
of this, namely to teach the students which level of
LOi“u‘[.’iUi&iiOi‘iai aid to use in bUlVli’ig any pariu.umi
problem, such as ordinary calculator, programm-

able calculator, spreadsheet, own computer pro-
gram, special computer package.

Ac far ag the ~h
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]
erial was concerned, the need to introduce pro-
cesses before ﬂolvmg problems on them has

already been noted. Thus it wouid be best to €xpose
students to certain processes which would then

amiral nracece indn nfr
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form the basis for subsequent problems.

The course should develop from simple to more

compiex probiems, ending with the appiication of

flowsheetine nackaoces
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It was strongly felt that the course should end
with the sophisticated application of ﬂowsheeting

packages to the solution of mass and energy
balance problems.

In order to achieve this, the course needed to
start with simple problems, while ensuring that as it

Aavalrmad noing wWwasa saieafaenn 1o wr~aald
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hopefully meet the needs of both the weak and the
strong students. There was a danger of boring the
strong students in the early part of the course.

Howevar intraduction of came mare diffienlt
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concepts early on might counter this.
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DETAILED OBJECTIVES

In addition to the major guiding principles out-
lined above, there were a number of subsidiary

objectives which we wanted to achieve in the
process of this course. A detailed set of objectivesis

ssof thisc d set of obje i
given in Appendix 1 and will now be discussed.
The first five objectives cover the basic material
inclitdadie tho aracmca. Allicadicac 1 D amd 2 eafar da
AILVIUUCAU L LT COUULDC, UUJCL'I..I.VCD 1, & ana 5 rSicr o
the basic mass and energy balance coverage, and
objectives 4 and 5 deal with computation and

chemical process industries.

The nevt twn nhiartivae daal with avtancinne nf
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the basic mass and energy balance material. Objec-
tive 6 is an extension of both mass balancing and
chemical process industries to elementary process
SanhPQm Obiective 7 refers to the development

LA =l 1N A A AR = 0 AT LT VLAUpaRasals

from simple balances to a systematic analyms of
mass and energy balance problems and hence to

tha o, o0 ____ LI
ulC use o1 uuws gpd “Kages.

The last three objectives cover other aspects of

the students’ development which form part of the
course: objective 8 deals with the ability to com-
municate technical information using a variety of
media, objective 9 deals with the ability to work in a
team, and objective 10 deals with the capacity to

tackie open-ended probiems.

IMPLEMENTATION
In working out the principles and. objectives
described above, it was decided to s the course
with 51mple mass and energy b nces. These

...... o | | RO | o l AT AAACO,

WUUILI 1ccu lU UC 0dsca on leI ticuiar plobi‘:bbcb
because of the needs of the disadvantaged students,
as discussed above. The textbook by Thompson
and Ceckler [2] was ideal for this purpose, in that

sarh new cactinn ic hacad an tha nraductinn af o
Latii utyy SLLuUil 15 Jastl Ull uiv ploGululll Ut d

certain chemical commodity. Thus, the first half of
the course was taken directly from the textbook.
Another factor in favour of Thompson and Ceckier
was the integration of mass and enerov balances

il AAALpRatiil UL dss 4l LARIE VAIGLLTS

throughout, rather than first dealing with all mass
balancing and then all energy balancing

In ueveioping the couirse towards the appncauuu
of flowsheeting packages, it was felt that the text-
book by Reklaitis [3] provided the proper founda-
tion for flowsheeting, with 1ts detailed working of

tha annlicatinn nf deoreac nf fraadam analucic tn
L2 A ut}t}ll\rull\lll L u\t&l\/\lﬂ WL LivwwAAULAL mlw:ﬂlﬂ (A

mass and energy balance problems. The second
half of the course was accordingly based on

1

Kel(lams
Other textbooks such as Himmelblau [11

LLDOOR Himme bl B | and

Felder and Rousseau [4], while having many
helpful features such as test-yourself questions and
answers to selected problems, did not meet the
requirements described above for texts for this
course. They do, however, provide a valuable
backup in the library as additional resources.

In nrdar ta oive meaning tn tha caommuitatinn cide
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of the course, it was integrated into the course
where it would be appropriate for solving the
problems being handled. The philosophy here was
to make the students nroficient at the comnuter

language they had been taught in their first year
Applied Mathematics course, rather than teach

them a new ldngudgc lllﬂ mug‘uagt: UBUU d.L I.ll_lb
time was True BASIC, which is a structured form

of BASIC, whereas we would have preferred our
students to have learnt FORTRAN (which they

haod Aana traditiAanally) Ar Dacnal
Ilau GUuUlLIC U auiuvulidily j Ul ©astdl.

At the same time, they were introduced to the
numerical methods required to solve the problems,
such as root-finding, curve-fitting and matrix solu-

tinn nf cimnltananne anmatinne Rallaitic l‘l] alen
LVIL V1 sulullduivuuo Ut.luul.l\.lll.ﬂ ANIIGLILIY ..l’ Qiow

includes some of this material.

The use of spreadsheets was taught using As-
easy-as, an excelient package for which the univer-
city eould nhtain a cite licence at a reasonable cost.

Sily VUL UULGLL @ Savv aveaabe G S ATRoVRISUEY B

A particular advantage of As-easy-as is 1ts_matr1x
manipulation capabilities. The initial version we

S D ci==ly BN Llecodn i~

had could aiso fit onto a sin gie J0U-KDy1€ uupp‘y’
disk, which meant students could readily use it on

LISR, =i

}J
3..



I
L9,
I
S
S

their own PCs. As-easy-as provided a good intro-
duction to the basic principles of spreadsheeting. In
later years our students have had access to

Dhiattra-Pra and they have hnnn ahle ta uce it
WUatu Ut U auil Wiy aayvo ULl auil Woust an

effectively.

As far as the teaching of flowsheeting packages is
concerned, we used to introduce the students to
PROCESS but found it too time-consuming at this
level, because the students not only had to learn the
syntax of the input language, but also how to run it

Lo saniafunasn anmniasztas With tha tmten drsads e
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of the PC-based PRO/II we moved to that, which
was much more user-friendly, but had a rather
lengthy solution process for simple problems such

ac thnca dealt wnth in thic conrce The cugtem
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currenty used is HY SIM which is both easy to learn
and quick to supply answers.

The chemical process industries material was
covered in a variety of ways. The first was by the
processes covered in Thompson and Ceckler. The
second was by way of inviting visiting lecturers
from industry to talk about their piaI‘ub The third
was by the students themselves, in groups, pre-
paring a written report on a particular chemical or
group of chemicals, and then presenting this to the

whanla olace Annendiv 4 cantaine a lict of tonicg
WilUIC CI1ass. fappuliUia 9 CULLAIILS 4 5L Ul WUpPILS

used in these projects, which reflect the South
African chemical and mineral processing indus-
tries. The fourth way was by industriai piant visits,
to an oil rpﬁnprv a fertiliser nlnm and a cement

factory: these were all timed to coincide with
appropn'ate sections of the course.

Appendix 2 shows a course outline based on
what has been presented above. This represents an
ideal sequence: in reality the course was never run
quite like this, largely because of availability of staff

at nartionlar timac Annoandiv 2 alena chowe the
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distribution of the 120 lectures in the course
among the different topics, as well as a breakdown

of the 40 afternoon sessions which were run.
In this outline, sections 1-4 and 7-12 are dealt

Liainiat, S allaas L A& Giv B

with in Thompson and Ceckler, and sections 15—
20 in Reklaitis. Sections 5 and 6 deal with the initial
computation material, which is aiso covered less
explicitly later on in the course in
ments, partlcular]y in section 17.
The communication aspect of the course was
met largely through the chemical process industries
projects, both written and oral. It was also covered
in the design project run at the beginning of the
course. The primary objective of the design project

wac tn |nl’rnﬂur\p tha ctudente to nnen-ended
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problem solving and group work. Further exposure
to group work was given in the chemical process
industries and process synthesis projects.

e

DISCUSSION

The course as presented above was the result of a
process of development which has continued into

the future. Originally there was also coverage of

dimancinnal analveic fwhish wae trancfarrad ta o
lilivaoLvIIAL mlﬂlJDlD \V"lu\-rll YWad ualwiviivu w a

more appopriate course) as well as unsteady
balances, initially included because students had
commented on what a shock it was to only encoun-

ter uncteadv conditione for the first time in the
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control course in their fourth year. It was removed
by decision of the staff in the departmem

The staff aiso decided that ihe process synihesis
material was too advanced for a second year
course, but it is left in here becuse it is one of the
elements which catches the imagination of the
brighter students. It alsc ties in well with the
chemical process industries section of the course,
in which alternative processing routes are dealt
with.

Course assessment h
importance and details are give in Appendix 3,
which includes D.P. (Duly Performed) require-
ments, mark assignment, and project weighting.

The DP. rem_urg_m_gnt_s are conditions set for the
students to be able to write the examination, which
are meant to ensure that students have had expo-
sure to or mastered non-examinable material. The
test average requirement does not fulfil these
criteria, but it was included to provide a means of
saving students who have had little hope of passing

CPA from failing other courses in an attempt to

pass this one.

It will be noted that the mark assignment
inciudes 25 per cent for tutorials and projects,
which have opnernllv helnpd to raise students’

marks. The ﬁrst test counts less than the other two
because it was found that many students were still
at sea when it was given. T The placement of the mid-
year test was problematical, in that it fell in the mid-
year examinatin period together with final
examinations for semester courses. A solution was

ta mlana it aftar tha mid_vaar hraal
w ylabc it altvl uie uuau~ y\oal vivan,

We are currently moving away from these large
tests to a series of smaller in-class tests, which
provide more rapid feedback to students at more
freauent intervals. Another helnful tpr-hniqnp has

Tyutail Ll Vaas. SRl Dtapiaial e

been spot tests, which are both written and marked
(by the students themselves) within a lecture
period.

One of the difficult areas was how to examine the
chemical process industries material. At first we
ran a test covering this part of the course in order to
encourage attendance at the student lectures, and
also marked students on their oral presentations as
well as the written submissions. This did not work
very well because the quality of the presentations

wane nften inadecunate ¢n it wag hard to learn
was Uil lalcyuaiv, SU L Wwads iiaiy o aoaisd

anything from them.

We subsequently made attendance at the lec-
tures compulsory and removed the test. This was
also problematical in that the audience was not
always receptive. Then our Professional Com-
mumcatlon Unit, who prowde input to this project
on both written and oral communication, pointed
out that the students had an impossible task in
trying to communicate information to their peers as
well as to impress the staff who were assessing

tham
uiCiil.
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As a result we removed the marking of the
presentations. At the same time, we widened the

cong of the nroiecte and oave them tna larcer
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groups, which were in fact the co-operative study
groups to be discussed next. This worked very well
in most of the eleven groups.

The number of dlsadvamaupd students in this
course before the new structure was implemented
was too small to make comparisons with the past
meaningful. Within this structure, a number of
different systems were tried to help these students
master the material of the course. There was no

marked improvement in their success until a

svgtem r\f r‘n"ahnrnhvn ctudv orponne waec intro-
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duced towards the end of the 1990 academic year.

This system was fully 1mplemented in 1991 and
1992, leadmg to an average increase in the success
of uisau'v'amageu students of 55 per ceinit, Coii-
pared with an increase in the success of advantaged
students of 16 per cent. This system, which was
developed at UCT in conjunction with our stu-

dente wac haced nn oroung uced 1in Minnﬂfv
ULty YWaos Udoblu Uil giUupo wobla il aViiaUiivy

Programmes in the U.S.A. Full details of the colla-
borative study group system may be found in
Fraser [5].

OUTCOME
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the students fared in the later years of study. Those
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Fig. 3. Student evaluation of degree to which course stimuiated them to independent thought.
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who passed the course invariably graduated,
although some took more than a further two years
to complete the degree. At the same time we also

gaam tn hava aliminatad tha lanag_carvina’ ghiidante
ovldll LU llave vilijiiatvu uiv lUlls oLl VILL JSLUuUviILY

who eventually graduated after spending two years
over each academic year. One of these students had
commented that we had ied him on by ailiowing him
to pass earlv on in his career,

QoS T@ily Uh Al LS VAL Tl

Another important observation was that there
was a significant group of students who benefited
from the developmeni in the course as it pro-
gressed. These students failed their first two class
tests, but did well in both the third class test and the
final examination. The reinforcement in the second

gamagtar nlaarly halnad tham AManu ~Af thaca wara
SUINIC3ICL Llcau)‘ npel uiciil. iviaily Of tnese were

disadvantaged students, who went on to complete

the degree in the normal time, and some of whom
ended up doing higher degrees.

Course evaluations were conducted each year.
These also indicated the degree to which the course
fulfilled our expectations. Figures 3 to 8 show

responses durmg the perlod 1986-1 Y91, as well as
the average over the period

wit aveig, (=3 G 8§ Lo 0wl § L0 L6

When asked about the degree to which the
course had stimulated them to independent
thought (see Fig. 3), 48 per cent on average thought
this was good, 48 per cent said it was satisfactory,
and only 4 per cent found it problematical. It is not
clear from how the question was framed whether

f]no "\Pr\l\lnmr‘ wara haradam Ar inohility 4~ ha
e pivuiciins welc vuicauin Ul ula.uxul._y wJ uc
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stimulated. Regarding the challenge to their intel-
lectual capabilities (Fig. 4), 62% thought it was

onnd and anlu 2 nar rant had Aiffisnltiac
BUUU alivg wvily o }J\al LUl AU Uliivuiuaed.

In response to the question concerning the level
at which the course was pitched (see Fig. 5), 22 per
cent thought it was good and 21 per cent indicated
they experienced difficulties with it. These

CADCIICIICC QRIS YWilll 19§ Leh L)

responses seem to indicate that the first guiding
principle was achieved to a large extent. As far as
the pace of the course was concerned (r‘lg O), 17
per cent felt it was good and 29 per cent had diffi-
culties with it. There was a partlcularly large
negative response the first time the course-struc-

tnre nroacented hare wag intradincad in 1QRQ7 Thic
[4F S Qe }Jl Lowvilllvu liviv ywad uluuuu\..\..u lll LZ07. 211D

changed considerably in subsequent years, despite

the fact that the course remained virtually the same.
There was a significant shift in both the good and
nrahlamatinal ragemnncag 10 1001 whanm tha ansieon
IJI. uuivililiauval ICDPULLDCD ux 1LZ7F7 1 WIICIL LUIC LUULDT
content was reduced by 20 per cent.

The change in textbooks from Himmelblau
(1986) to Thompson and Ceckler plus Rekiaitis
(1987 onwards) was very favourably received (see

Fig. 7), espemally in 1988, when there were suf-
ficient copies of both books available. The more

negative trend afier that reflecis the three-foid
increase in the nrl(‘e of Reklaitis and its consequent

lack of acce551b1hty to many of the students.
Finally the coklaborative study group system was
o all wanasvad ; 4 At 100N

VEI'Y WCu receivea uy tne stuaents, even in 1990

when it was only used for four weeks right at the
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end of the course (see Fig. 8).In 1991, when it was
implemented fully, 69 per cent felt the tutorial
sessions were good and only 5 per cent experi-
enced difficulties with them. These fioureg shounld

CRILLAS UL WRILTS Yraudl wabiii. 22000 LIS SR

be compared to the average responses in 1988 and
1989 which were 19 per cent positive and 20 per

ceni negaiive respeciively.

CONCLUSIO

2z

As far as can be judged, the Chemical Process
Analysis course presented here has met the
requirements we set for it, both in terms of meeting

. Fraser

the needs of the widely disparate groups of students
in it, as well as in terms of providing a filter and
foundation for the rest of the chemical engineering
curriculum. I trust that others will be able to benefit

LRRA AL AINeall, 2 LIRS LAIGL VRAAtA S WAL UL QU0 R VR

from our experience in both constructing the
course and running it.
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APPENDIX 1 sis, mathematical and numerical solution of
COURSE OBJECTIVES simultaneous equations, and flowsheeting
packages such as HYSIM.
By the end of this course each student should . c o
‘ 8. Be able to communicate technical ideas by
i. Understand the units and dimensions used in means of drawings, reports, posters and oral
describing the properties of the materials presentations.
7 Re ahle tn datarmina tha mace and anaraov Q Ra ahla tn wnrl affacrtivaly agc a memhber of a
e AS%W QUILV IV UVLwillLLLG UV LUIGOY Allud UIIUIEJ e G AULIG LU YWULNL ViIVLVLLIYVL A A LUIVIIIVWLI Vil &

flows in typical processes in a chemical plant
such as mixing, reaction, heat transfer, phase
transition separation, recycie and purge. This
will involve the nnnlmahnn of reaction stoi-

chiometry, ideal and real gas properties, equi-
libn'um re]ationships the first law of

ult;imuuyuauuw, a.uu llt:d.l.h Ul lUlIlldllUll an U
transition.

nhveical nronerties

n
;;J- Siva: priOpoLcs

required for determining mass and energy
balances.

3. Know how to estimate the

o~ a%a2OW 220 0O estimate the

4. Be adept at the use of computers in the solu-
tion of chemicai engineering problems: this

will involve comnetence in True BASIC nro-

YA LaVULAYY LULLpLIbaaLY L Al Soadate pa

gramming, as well as the ability to use spread-
sheets and specialised packages and to choose

4L _ e

the appropriate computation tool for soiving a
artl

5§ Have a Lknowlaedoa of imnartan
s AAET W A EndAvYY Awbv A l-lll.PUJ

chemical processes and equipment.
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6. Be able to evaluate alternative process routes
for production of a particular product.

7. Have developed a systematic approach to the
solution of mass and energy baiance problems,

semalee Aie s dhan caon A T

including the use of degree-of-freedom analy-

10. Know how to tackle open-ended problems.

APPENDIX 2
COURSE OUTLINE

Lectures (listed in sequence).
1. 7 Lectures Introduction: chemical proces-
ses and equipment, units and

ULNCIISIUIS.

2. 5Lectures Mass balances without reaction:
oil refining, conservation of
mass, systematic approach to

golvine nrediction nroblems

SUAYLLE A vaeaiatllis A OVRGALS.

3. 8Lectures Energy balances involving heat
and work: review of basic ther-
modynamics, deveiopment of
energy eguation, concept of
enthalpy, heat capac1ty, heats of
transition, steam tables.

ctures AMnce halamaac invaluving ahamio

ISs 1viass vaiances invoiving Cneii-
cal reactions: phthalic anhy-
dride production, conventions,
limiting and excess reactants, tie

centhetancrac alamant halancac
ﬂuuﬂl-ll-ll.\.rbﬂ, WwAVWALLLIWALL VLI Ww I



~l

N

._.
<

—
[y

—_
W

14.

15.

[y

-
oo

._.
A

[y
S

~J

1

6 Lectures

6 Lectures

5 Lectures

AT 4
4 Leciures

6 Lectures

13 Lectures

5 Lectures

5 Lectures

2 Lectures

T
Lectures
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Computation: advanced True
BASIC programming, use of
grrandchants

D}Jl UOUDIICUI.B

Numerical methods: root-

finding methods.
Energy balances involving
chemieal reacrtinne’ total

Laivaiaias ivavuiiiis, LG

enthalpy, standard heats of for-
mation, isothermal and adia-
batic reactors.
Mass balances involving re-
cycle: ethylene oxide produc-
tion.

YVammire_linisid amsililas el
leJUul ll!.iulu C‘ulull.ll}l a aliu
distillation: industrial alcohol
production, vapour pressure,
miscible and immiscible mix-
tures, equilibrium d:agra.'ns

lever rule, stills and stills in
series.

Liquid-sohid equilibria: sylvin-
ite nrnogssmo ternarv dm-
grams, recovery of salts from
brines.

Humidifiction, drying and evap-
oration: pulp and paper produc-
tion, psychometrlc charts.

Mass and energy balances

inunluving shaminral aanilihriae
HiyULviig  Liaviiiatal | Lyuinviia.

ammonia synthesis, chemical
equilibrium.

Chemicai process indusiries:
n\_J'E‘I‘VIPW nluc (nPC!A!C proces
ses.

Process synthesis: basic con-
cepts, reaction path synthesis,
species allocation.

Analysis of mass balances in
non-reacting systems: degrees

Affraadam numhar afindanan_
U1 11 CCUUIIL, NIUITNIUCT Ul iUcpolr

dent variables, independent
equations, and independent
specifications, subsidiary reia-

tiong

ARG,

Analysis of energy balances in

non- reacting systems.
Multicomponent vapour-liquid
systems: bubble point, dew
point and equilibrium flash cal-
culations.

Analysis of mass balances in
reacting systems: independence
of reactions, specifications and
balance equations, handling

intarmeadiate ecneriec
LICIINCUIAC Spotics.

Analysis of energy balances in
reacting systems.

Manuai and machine computa-
tion Efl“ﬁh‘-‘mﬂc' gequencing “)’“‘h

e Y STLRLALANs AR

complete or partlal solutlon,
extra root-ﬁnding methods,

combined mass and Cnergy bal-
ances.

21. 2Lectures Use of flowsheeting packages:

HYSIM.

22. 8Lectures General: test feedback, commu-
nication.

Total: 120 Lectures

Aﬁ‘emoons (overall breakdown)

1. 23 Afiernoons Tuiorial sessions: soiving prob-
lems as well as computer pro-
gramming,.

2. 8 Afternoons Design project: open-ended

mnrnhlam_ocnlving o

lJlUUlUl.ll BUIVllls, 5?.'
communication.

3. 3 Afternoons Plant visits

4. 2 Afternoons Computation:  spreadsheets,

flowsheetino nackaoesg

LUV ST LIS P ul‘.ua\-’u

5. 2 Afternoons General: What is chemical
engineen'ng? Why did you do
etc.

it?
6. 2 After s Tests

Total: 40 Afternoons

1. D.P.REQUIREMENTS:

e Satisfactory performance in 90% of tutorials.
® Average of at least 50% in computer assign-

mantc
L1IT1ILS.

® Average of at least 50% in projects.

® Weighted average of at least 30% in the class
tests.

® Attendance at 80% of CPI presentations and

plant visits.
® Participation in CPI oral presentation.

Note: Where these D.P. requirements are only just met, 62% will
be required in the examination to pass.

2. ASSIGNMENT OF MARKS:

Tutorials (10-12) 5%
Project (5) 20%
Class Tests (3) 25% (1-5%, 2-10%, 3-10%)

Examination (2 papers) 50% (25% each)

100%

3. PROJECT WEIGHTING

a Tiacise 1N0/
bd Ucblsll AV /0
¢ Process Synthesis 2%
® Chemical Process Industries—Written 4%
¢ Computation/Fiowsheeting 4%
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APPENDIX 4
CHEMICAL PROCESS INDUSTRIES

DDA T AT
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Fertilizers (N-based and non-N-based).
Coal-based chemicals (fuels, chemicals).

ONrida Al hacad shaminale ffiale aha alal
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Synthetic fibres and rubbers.
Oleo-chemicals (margarines, detergents).

Wﬂ?
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. Soda ash and Portland cement.

Iron, steel, copper and nickel.
Sulphuric acid and explosives.

Forest and fermentation products (including
paper).

Chlorine-based chemicals (PVC, chlor-alkali
products).
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