n w University of Applied Sciences and Arts Northwestern Switzerland member of
School of Life Sciences swissunjversities

New Scale-Up Technologies
For Hydrogenation Reactions in Multipurpose Plants

Siegfried FORSCHUNGSFONDS  MiniPlant* 4.0
I AARGAU Innovative Process Technology
Project Partner Project Sponsor ThinkTank

CHIMIA 2021, 75, No. 11: https://doi.org/10.2533/chimia.2021.948



https://doi.org/10.2533/chimia.2021.948

nw

Table of contents

* |Introduction
A. Z0gQg

* Example application: Hydrogenation reactions
T. Furrer

* Qutlook: Digital Process Lab
A. Zogg

ICB - School of Life Sciences FHNW Prof. Dr. Andreas Zogg / Thierry Furrer CHIMIA 2021, 75, No. 11: 07.12.2021
E-mail: andreas.zogg@fhnw.ch https://doi.org/10.2533/chimia.2021.948



https://doi.org/10.2533/chimia.2021.948
mailto:andreas.zogg@fhnw.ch

nw

Research to Production

r Process '
N Process Production
Research Development
CHs v v —
| T | e [“J
</N | \f peredtaerack Lll
H;C o N L 1 IC ! — LS R : _
Synthetic Process /
Molecule
Route Plant
Laboratory Miniplant Production
Plant
ICB - School of Life Sciences FHNW Prof. Dr. Andreas Zogg / Thierry Furrer CHIMIA 2021, 75, No. 11: 07.12.2021 3

E-mail: andreaslzoqq@fh nw.ch https://doi.0rq/10.2533/chim ia.2021.948



https://doi.org/10.2533/chimia.2021.948
mailto:andreas.zogg@fhnw.ch

nw Scale-Up Today

Standard processes in Multi-Purpose Plants

Laboratory: 0.1...11 Pilot: 10 ... 100 | Production: 1‘000 ... 10000 |
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njw Scale-Up Tomorrow = Main goal of the project

Scale-Down-Reactor Production
1...101 1‘000... 10°000 |

» Geometrical similarity (bottom, stirrer, baffles) =» similar mass transport.
» Challenge: Scale up of the heat transfer!
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“‘w Standard approach for the scale-up of the heat transfer

Standard Lab-Reactor: 1 | Production: 4000 |

heat exchange via glass jacket heat exchange via jacket

Direct Scale-Up ?
, w
q=10—
l
Heat transfer area
! : 39 m2/m?3 2.8 m2/m3
Volume
AT :08K 12 K
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njw New approach for the scale-up of the heat transfer

Scale-Down-Reactor: 1 |

Production: 4000 |
heat exchange via jacket

Heat exchange via H/C-Finger

Adiabatic Shield
Direct Scale-Up
, W
q=10—
l
Heat transfer area
: 2.8 m?/m3 2.8 m?/m3
Volume
AT :12K 19 K
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nw Hydrogenation reactions

Batch reactor

heating/cooling  Hydrogenation autoclave
(multipurpose)
4000 |

H, (9)
1 - 60 bar

Reaction

mixture (I) Chemical reaction:

2A+H, > 2AH
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Scale-Up Strategy

Simulations of
production scale '

Dynamic process
model

Direct scale-up to
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Production scale
data
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Dynamic process
model
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Dynamic process

model

Lab

. » Chemical reactions

" » Physical properties (RM)
Production scale reactor
Reaction +» Mass transfer
mixture (|
0 "« p Heat transfer
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Scale-Up Strategy

Simulations of
production scale

) DynoChem

Dynamic process SAATLAR
odel o T e et i it e |

®
o

% Reynolds number of the reaction mixture in the reactor [VDI, N3]
Re R = (MP.nl *(MP.d r~2)*MP.R.rho 1 fit)./MP.R.eta 1 fit; %[-]

% Prandtl number of the reaction mixture in the reactor [VDI, N3]
Pr_ R = (MP.R.eta_l fit.*MP.R.cp 1 fit)./MP.R.lambda_1 fit; %[-]

=
Direct scale-u p to
u_R .* Re_R."(2/3) .* Pr_R.~(1/3) .* (MP.R.eta 1 fit/MP.RW.eta 1_fit).~0.14; %[-]
]
%Heat transfer coefficient (reactor wall to reaction mixture)
kWR =1./ (1 ./ (Nu R.*MP.R.lambda 1 fit/MP.d_react) + ME.th W ./ (2 * MP.W.lambda_s)); % [W/ (m2*K)] u I S

number in Stirred Vesses [VDI, N3, 12]
N

Production scale

data
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Process parameters Simulations of

production scale

Process performance

» Quality (yield, side products, ...)

» Production capacity

Safety

» Quantitative risk analysis (focus on severity)

TJ T],in
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Scale-down

experiments

Miniplant: 1 | Production: 4000 |

Direct Scale-Up

» Geometrical similarity (bottom, stirrer, baffles)
» Identical materials (lab and production)
» Similar heat transfer area to volume ratio (Hot / Cold Spots)
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nw Scale-down
experiments

Miniplant

» Laboratory safety

» Adiabatic shield

solutions gmbh®

MiniPlantt 4.0

Innovative Process Technology
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Scale-down

experiments

Miniplant

» Geometry (mass transfer)

» Heat transfer

premex(®

solutions gmbh® -

MiniPlantt 4.0

Innovative Process Technology
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Scale-down

experiments

H/C-Finger

» Computational fluid dynamics
Fachhochschule Nord hwei
(CFD) n w Ha:)i:hs(c):zuTg fiL]lr‘?l'ec?:nivI:,eStSc et

» 3D Printing (316L)
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nw Outlook: Digital Process Lab
PTC - Muttenz
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Outlook: Digital Process Lab

PTC - Muttenz
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Jérome Blum, Karl-Heinz Langendorf, Prof. Dr. David Zogg.

MPC (Model Predictive Control)

Engineering
Model

Dynamic process
model
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