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The use of CAPE-OPEN tools, COCO, Chemsep, in the teaching of
undergraduate students at universities in southern Africa.
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Research

* GTL: Custom thermo, Scilab UO
* Carbon black furnace, thermo, Scilab, Gibbs

The future
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Conceptual idea:
4 year chemical engineering degree

ASPEN used in 4t year

* licenses too costly
* not possible to share across 4 years (500+ students)

* want to retain ASPEN for final year design
o problems with application and understanding
o Insufficient time to become skilled at flow sheeting

o competency hurdles student nightmare

The solution, using COCO to building competence in the
curriculum

* introduce flow sheeting in 1t year, add practice to theory

* |In 2"dyear, use flow sheet tools to add practice to pumping, heat exchange,
flash, thermodynamic and distillation phenomena — basic competence

* in 34 year, combine the skills to build flow sheeting skills and study a
process.
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structure of the chemical engineering curriculum

8 semesters over 4 years
1st year

1st quarter 2nd quarter 3'd quarter 4t quarter
Flowsheet application

2"d year

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 Block 8

' Theorytutorial  Theory+tutorial [Practice/Project]
3'd year

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 Block 8
Project 1 Project 2 : Technical Engineering evaluation

4™ year

Design preparation - ASPEN Lab Project
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Implementation — 15t year

what we teach

* Mass balances, single reactions, recycle
* looking at temperatures and energy requirements
How we use COCO

* Teaching:
o build a flow sheet with single reaction, splitters, recycle
o Competency test on concepts
* Practice:
o project...
o alternative routes of methane conversion
o using fixed conversion reactors, compound splitters, recycle, heaters
o Look at the energy of each process
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Implementation — 15t year

Teaching COCO to first year students

* The audience
o No programming background (poor at spreadsheets)
o NO process or unit operation background
o poor practical engineering knowledge
* The challenge
o 150 students, hands on, follow me demonstration
o avoid plug and play and copying the flow sheet without thought
o to gain understanding and appreciate the value
* The plan
o each student entering engineering MUST have a laptop
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Implementation — 15t year

n— C7 H14 = C6H11CH3 + H2, ﬁHszeC = 35673 J/mOl

rxn

heptane

> cyclohexane
purge
4
! Heater \ / purge splitter
lehydrogenation reactor
pamp o WA hydrogen
Heat Exchanger 11 G— Y
- i = product
compressor
heptane u
feed 13

mixer

Table 1: Octane numbers of heptane and
cyclohexane

compound RON MON BP
n-heptane 0 0 98

methylcyclohexane 104 84 101
toluene 124 112 111

RON = Research Octane Number
MON = Motor Octane Number
BP = Boiling Point in C at 760mmHg

cooler

isothermal flash

r liquid extraction column

expansion valve

cyclohexane
. » heptane
Template with product

property pack
reaction pack
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Implementation — 15t year
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Implementation — 15t year

n — C7H14 = C6H11CH3 + HQ,

AH*C = 35673 J/mol

rxn
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Implementation — 15t year

n— C7 H14 = C6H11CH3 + H2, ﬁH4OOOC = 35673 J/mOl

rxn
heptane
B | p— cyclohexane
purge
é Heater \ / purge splitter
pump %L {ehydrogenation reactor rogen
Heat Exchanger 1 » Y
[ F T il o product
) compressor

heptane
feed — i

mixer

isothermal flash

expansion valve

liquid extraction column

Then they are given a \ heptane
product

* Test
* projectto carry out
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implementation — 2" year

what we teach

* flow systems, heat systems, thermodynamics of processes
* recycle systems, energy balances,
* single reaction systems, separation systems

How we use COCO/chemsep

* |earn to build a property pack

* learn to build a reaction pack

* flash calculations

* Gibbs reactor

* fixed conversion reactor

* heat of reaction

* Distillation using chemsep, McCabe-Thiele, stage efficiency, ...
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implementation — 2" year

Vinyl Chloride Monomer project

C,H4 + Cl, —» C,H4Cl, (direct chlorination)

Heat of reaction
Heat duties

C,H,4Cl, — C,H;C1 + HCI (EDC decomposition) distillation

C,H4 +2 HCI + 2 O — C,H4Cl, + H,O (oxy-chlorination)

D | @ =
CH, Hydro- 1
HG)» ua
Path 1 Ha <2} chlorination e Path 4 ‘ ‘
)} . Easy
{&r Hd o C Oxy- 3 Single-stage EDC C o
/—@—s CHCl N chlorination Flash ®_’ Decomposition ‘dcl rsyt:ret::)
GHCl
Path 2 e (D Direct EDC o Dis&ﬁ:‘:iun Easy
o —@—b Chlorination Decomposition (Cryogenic) distillation dpﬁ:ctl{lt . fﬁ:r
istiliation isti on
‘ | o
L) 10 H0
() CiHe Direct ~
o, ——(@3)—{ Chlorination O, ~
@
| O
Path 3 | ~ |
HO ) Easy e, ——(D Hydro- - (m) .
e (D] Oxy- yon Single-stage @_. EDC _@.. distillation chlorination & el
o chlorination Flash Decomposition c enic)
o —@— Tvoe (2> e Path 5
2 @ |
Difficult Easy o @. . Easy
o oY 2Ha Direct EDC ® S Easy
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(Cryogenic)
(=) HO
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implementation — 39 year

what we teach

* solid-fluid systems, mass transfer
* adiabatic reactors, phase thermodynamics, complex separations
* process control, dynamics

How we use COCO

* Multiple reactions, pressure drop, catalyst material, adiabatic
* Multi-stage reactors

* Flow sheets with recycle and make-up mixer

* Flow sheets with distillation sequences
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implementation — 39 year

Styrene monomer plant C¢HsCH,CHs = CoHsCHCHa + Ha, AHZ® =117.6 kJ/mol (1)
CeHsCH,CHs —  CoHs + CaHa, AHZ® = 105.4 kJ/mol (2)
C6H5CH2CH3 + H2 — C6H5CH3 + CHq,, AH%QS =1054 kJ/mO.’ (3)
2H,O + CoHy — 2CO + 4Hs,, AHZ® = —54.6 kJ/mol (4)
H, O+ CHy — CO+ 3H>, AHZ® = 210.2 kJ/mol (5)
heat H,O +CO — CO, + Ho, AHZ® = —41.2 kJ/mol (6)
exchanger @ exchanger exchanger
ethylbenzene
fee; mixer — HP steam mixer reactor 1 reactor 2
N T ___
: — — ﬁL{
furnace 1 >
LP steam
4’< =] furnace 2 _
stream light gases,
splitter LP steam light gase's=
condenser -
light-gas — |  — [ toluene, benzene
splitter . ./ >~ | | | | = | . ,
water-organic ™ )| |
splitter
water return
“ column 1 column 2
partial condenser
styrene

ethylbenzene recycle
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COCO/Chemsep a great success

Student development, ASPEN preparation

1st year:

* explore chemical engineering calculations
e Students highly motivated,
* COCO easily applied although the understanding is lacking

2"d year:

* develop own flowsheet

* better physical undertanding of flow systems, Pressure,
temperature, valves, pumps,

3rd year:

* complex reaction and separations system design

* recycle and heat integration

* economics and “optimisation”

* concepts and applications make students ASPEN ready
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COCO/Chemsep a great success

Student development, ASPEN preparation

4t year:

°* no need for ASPEN training

* No need for unit operation
development

* transition, design peparation
and design project no longer

limited by ASPEN competency
ISsues.

SUCCESSI!!!!
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= University of Eduardo Mondlane, Maputo, Mozambique

i Chemical Engineering Masters programme teaching

e

This is part of a SASOL sponsored MSc programme on
petroleum refining

* The challenge:
o They are not well trained in computer usage
o They have very old poorly maintained laptops
o Home language is Portuguese
o small classes — 10-15 (lucky)
o poor facilities
o course runs entirely paperless, wifil!!!!l

How it runs

* 2week intense programme (with much hand waving)
* about 8 hours a day of lectures and one-on-one contact
* 1test, 2 projects
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University of Eduardo Mondlane, Maputo, Mozambique

Chemical Engineering Masters programme teaching
The projects

The design of a simplified Terephthalic Acid  The design of a syngas to methanol plant
(TPA) Plant

Off-gases:
PX = para-xylene 75 atm 110 atm
X = para-xyle 4mole% Oz, 96% N, —EmE—( O HoctEcherger 6
S - SO|UtI0n Compressor_1HeaterCooler_2 Com;gsor 3 M\ 109 atm 150°C
TPA = Tere i i P=50 atm a - = ]
phthallc Acid T=50°C 110 IMF HeaterCooler_7 Reactor
02, N2, HoO(v) flow ate = & amols UL )
105°C, 5.5 atm 00 = 0087 L
_______ Condenser CO = 0.06697 Mixer_5
Hz = 0.641
. Nz = 0.00287
Air @ 25°C, 6.0 atm water = 0.0022
methanol = 0 HeaterCooler_9
atm Compressor_12 . ,
— H20(|) 1 atm 0,992 MeOH —< 110 at =N Splitter_11 2.2% m_
para-xylene(l) reactor feed
Methanol column
3 kg S/ kg feed TPA(s)
PX, TPA, S -2
Separator L_41__
Recycle (I): PX, S ; ;iom_ggg . 0’

UNIVERSITY OF CAPE TOWN

Process Modelling & Optimisation Group
IYUNIVESITHI YASEKAPA e UNIVERSITEIT VAN KAAPSTAD




University of Eduardo Mondlane, Maputo, Mozambique

Aﬁg Chemical Engineering Masters programme teaching
Has it worked ‘ i

* has runin 2017/2018

* First group spent 1 month on SASOL
secunda plant

* Are using COCO/ASPEN to carry out some
of the analysis
* Feedback | have from engineers on the plant

o Students very competent with regard plant
operations

o Students have good simulation skills

YES, it has

Other initiatives using the same

model not yet successful g “\\ \xx\\\\m\x\‘mm\\\f

* Universities with chemical engineering in
Kenya and Tanzania

UNIVERSITY OF CAPE TOWN

IYUNIVESITHI YASEKAPA * UNIVERSITEIT VAN KAAPSTAD

Process Modelling & Optimisation Group




Conversion of Olefins to

Research

distillates (PetroSA) _
* Multi-phase adiabatic process model g 3
* H2, C1-C40, olefins and parafins, with g £
linear, mono-branched, di-branched
and tri-branched species, thousands 0.0 — e
of reactions including reversibility Reactor Volume [m3] \
. —— COD CN LPG ) COD CN diesel psi=V/F
* custom thermo and VLE engine T COPCNgaselne COD N heavy e i
* seconds-few minutes on laptop 09
0.8 |
* Needs a wrapper for ASPEN _ oy -
9 06 =
g o5t g
| Lo - o= 2 o4l ) S
: 035 | o v ) 0.14 - i § 03 | ’,"“ g
% o | &ou 02| g
T_‘é‘ozof 1 %u.oa— 01 b i o
ool R '
zzz_ 5 - 10 ) 15 20 2‘5 3‘0 ';\‘5 ac Zzsi - - REM
Carbon number 0ooEow — CODCNLPG COD CN diesel psi=V/F
—— COD CN aasoline COD CN heavy ~  -------- T
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- Research

Carbon black furnace model
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Research

Carbon black furnace model

Reaction time PY ° P .. @ —— d=50mm A
A ° .0 e ‘. o O "
o *0 ... ........ ° Coagulation
..° ) ..0 020t 000, Surface growth
° ©e° %20 o and coagulation
....._..‘. ‘.. O.'. ...2.... . . o0 ..
0 0% * . ®e ' Te®e ) e o,

Particle inception
Particle zone —

L

+ Molecular zone —

Premixed fuel and oxidizer

compressor2

A 4 n |
split2 Compressor1 / ! !

AirPreheatRctr| | | ! o=l
] i\ 1 AirPreheatFur

rﬂ—

SolidSep2 |
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Summary Remarks

Teaching with Cape Open/COCO/Chemsep

* great success
* Students also use TEA, COPP , ScilabUO

Research

* On Going
* Bigger challenges

Future

* Tools and knowledge great asset to resource limited countries

* More teaching, more usage and more Cape open based solutions
needed
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