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agenda

s ReDrop program
= models and experiments

= applications
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‘ReDrop (REpresentative DROPS)

= based on drop behavior modeling
» standardized single-drop experiments
= Simulation for any column type

= simulation tool for liquid-liguid equipment design
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strategies for extractor design

design based on pilot-plant scale experiments | design based on lab-scale experiments

experience-based choice of extractor type _ _ _ _
experiments in lab-cells for single-drop behavior

modelling different extractor types on pilot-plant

_ _ scale
pilot-plant scale experiments

@al extractor ch@ knowledge-based selection of optimal extractor
: type and operating conditions

scale-up of technical extractor
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ReDrop algorithm
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Initialization, data input,
definition of column height elements

v
for each drop:
 drop sedimentation
» chemical reactions inside drop
or at interface
* mass transfer
» breakage and coalescence
 handle drops leaving the column

drop loop

time loop

next time step

?

v

side-feed of components

for each height element:

» chemical reactions in continuous
phase

* New concentration

* new hold-up

» backmixing
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»
outlet of

dispersed phase

mass-transfer cell

drop sampling

inlet of
continuous phase

suspended drop

drop generation

——

: 0 &

system: <

n-butyl acetate (d) + acetone (t) + water (c) outlet of
mass-transfer direction: c—d continuous phase

inlet of
dispersed phase

e PEPS Henschke, Pfennig: Mass-transfer enhancement in single-drop ¥ LIEGE
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‘screenshot of ReDrop

** ReDrop-Extraktionskolonnensimulation
Datei Betriebsparameter  MNumersche Farameter  Optionen
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‘flooding with ReDrop

** ReDrop-Extraktionskolonnensimulation
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flooding limits
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mmmmm flooding calculated with REDROP

m  column DN 80

4 column DN 225
experimental values: PhD Thesis Aufderheide, 1985
toluene (d) + water (c), vy /v =1 .

liquid load (v, + v,4) In mm/s
N o0

N
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pulsation af in mm/s
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hold-up prediction with ReDrop

0.35 ' | ' | ' | ' | ' | — 71 7
| simulation of RDC and Kiihni extractors for +20%// Rt
0.30 kthe liquid-liquid systems: //V R i
| toluene+ water + acetone (TWA) //V ’ v -
0.25 |toluene + water (TW) Y% %

-~ ,D’
| n-butyl acetate + water (BW) Va = %

020_— //,/vfjv/ _

5 //1% . D///
_ Vb -
0.15 51:%%///
I _ i
0.10 | L -
_ Kuhni DN80, TWA (Garthe, 2006) |
0.05 RDC DN80, TWA (Garthe, 2006)
e i RDC DN150, TW (Modes, 2000) |
'[/ RDC DN150, BW (Schmidt, 2006) |
OOO L | L | L | L | L | L | L

000 005 010 015 020 025 030 035
Eoxp L]

o PEPS Ayesteran, Kopriwa, Buchbender, Kalem, Pfennig: ReDrop — A Simulation Tool for the Design of Extraction : ‘ LIEGE

- o Eﬂgmgﬁms Columns Based on Single-Drop Experiments, Chemical Engineering Technology, 2015, 38, 1894-1900 université
e o O



holdup & flooding points (with BASF)
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[3-mebupy]DCA (d) + heptane (c) + toluene (c—d)
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design diagram
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volume flow rate of continuous phase [m’/(m?* h)]

volume flow rate of dispersed phase [m’/(m® h)]
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water + butyl acetate + acetone
sieve-tray column

¢ =39%, d,, =4 mm

af = 11.7 mm/s

flooding limit
load relative to flooding limit
.............. phase ratio

————— number of theoretical stages of 3m column

holdup [%]

. .0 PEPS Pfennig et al. in: Goedecke, Fluid-Verfahrenstechnik, Springer, 2006
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advantages

= fast to reach steady-state

= flexible to any column type and internals

= knowledge-based equipment design

= less chemicals than pilot-plant experiments
» standardized single-drop experiments

= up to and including operation limits
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