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Einleitung

Laboratory Process Scale-Down-Reactor

2) Transfer

1) Scale-Down

Production Process

3) Scale-Up
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Stand der Technik beim Scale-Up

A. Zogg and T. Furrer, “New Scale-Up Technologies for Hydrogenation Reactions in Multipurpose Plants” 
presented at the Praxiszirkel Life Sciences, Dec. 07, 2021. https://irf.fhnw.ch/handle/11654/32958 

Laboratory: 0.1 … 1 l Pilot: 10 … 100 l Production: 1‘000 … 10‘000 l

Scale-Up 1 Scale-Up 2 =
𝒓 = 𝝅 ??

https://irf.fhnw.ch/handle/11654/32958
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Vision für den zukünftigen Scale-Up
Scale-Down-Reactor

1 … 10 l

 Herausforderung: Scale-Up der Wärmeübertragung!

Production 

1‘000 … 10‘000 l

Direct Scale-Up

T. Furrer, B. Müller, C. Hasler, B. Berger, M. K. Levis, and A. Zogg, “New Scale-up Technologies for Hydrogenation Reactions in Multipurpose Pharmaceutical 
Production Plants,” CHIMIA International Journal for Chemistry, vol. 75, no. 11, pp. 948–956, Nov. 2021,https://doi.org/10.2533/chimia.2021.948

https://doi.org/10.2533/chimia.2021.948
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Stand der Technik der Wärmeübertragung beim Scale-Up

ΔT   15 x grösser 

als  im Labor !

Standard Lab-Reactor: 1 l Production: 4‘000 l

ΔTΔT

heat exchange via glass jacket heat exchange via jacket

Direct Scale-Up ?

A. Zogg and T. Furrer, “New Scale-Up Technologies for Hydrogenation Reactions in Multipurpose Plants” 
presented at the Praxiszirkel Life Sciences, Dec. 07, 2021. https://irf.fhnw.ch/handle/11654/32958 

https://irf.fhnw.ch/handle/11654/32958
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Neuer Ansatz für die Wärmeübertragung beim Scale-Up

ΔT bleibt beim Scale-Up konstant

Adiabatic Shield

ΔTΔT
Direct Scale-Up

Scale-Down-Reactor: 1 l

Heat exchange via H/C-Finger Production: 4‘000 l

heat exchange via jacket
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Zielsetzung des Projekts

The H/C-Finger should be designed to simulate the impact of the wall temperature as well as the wall 

material on the investigated process already in lab scale. 

Effects such as …

• … by-product formation due to a hot reactor wall

• … the formation of different polymorphs during crystallization due to a cold reactor wall 

• … the impact of corrosion on a catalytic process or product quality 

… can now be investigated prior to the scale-up to production scale. 

➔ The novel Scale-Down-Reactor thus shortens the development time and

 minimizes the needs for intermediate process trials in pilot scale.
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Aufgabenstellung: Scale-Down des Wärmetransports 
eines Hydrierautoklaven (4 m3 -> 1 Liter)

Scale-Down

1 L Glass Reactor

Safety 
Containment

Heating/
Cooling 
Finger

Furrer, B. Müller, C. Hasler, B. Berger, M. K. Levis, and A. Zogg, “New Scale-up Technologies for Hydro-genation Reactions in Multipurpose Pharmaceutical 

Production Plants” CHIMIA International Journal for Chemistry, vol. 75, no. 11, pp. 948–956, Nov. 2021,https://doi.org/10.2533/chimia.2021.948

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


Prof. Dr. A. Zogg, 26.06.24, 12

Aufgabenstellung: Scale-Down des Wärmetransports 
eines Hydrierautoklaven (4 m3 -> 1 Liter)

Conditions for the design of a Heating/Cooling-Finger:

• Similar geometry to a baffle of the production-scale reactor.

• Similar volume to heat transfer area ratio as the production-scale reactor.

• Similar overall heat transfer coefficient as the production-scale reactor.

• Similar construction material as the production-scale reactor wall (904L).
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Workflow: Design of the Heating / Cooling Finger

Estimate fluid side 
heat transfer 

coefficients with 
ANSYS Fluent (CFD)

Initial 
Design

DesignFingerSDR2.xlsx ResultsAnsys.xlsx
(Version 4)

Fit correlation 
equation for the 

fluid side heat 
transfer coefficient

Fit_FingerV4_corelation.m
(kFinger_fit.m)

Verify and 
optimize 
Design 

RM_SDR2_Finger_HC_run.m

Simulation of the 
Scale-Dwon-

Reactor: 
Impose 𝑻𝑱,𝒊𝒏

Heating/Cooling Experiments of the 
4 m3 scale autoclave

Dynamic Model
RM_SDR2_Finger_HC_f.mk_values_SDR2_Finger_f.m

𝑻𝑱,𝒊𝒏
𝑁𝑢 = 𝒙𝟒 + 𝒙𝟏 ∙ 𝑅𝑒𝒙𝟐 − 𝒙𝟑 ∙ 𝑃𝑟

1
3 ∙

𝑃𝑟

𝑃𝑟𝑊

0.14
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Workflow: Design of the Heating / Cooling Finger

RM_SDR2_Finger_HC_run.m

Dynamic Model
RM_SDR2_Finger_HC_f.m

𝑻𝑱,𝒊𝒏

𝑻𝑱,𝒐𝒖𝒕

𝑻𝑶,𝒊𝒏 𝑻𝑶,𝒐𝒖𝒕

Messdaten aus dem 

4 m3 Hydrierautoklaven

Simulation des Scale-

Down-Reaktors

𝑻𝑹𝑻𝑹
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Workflow: Manufacturing and Implementation of the 
Heating/Cooling Finger

Implementation
Temperature Sensors for 

reaction calorimetry
3D 

Printing
Assembly
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Workflow: Qualification of the H/C-Finger at steady state

Compare to the 
theoretical heat input for 
the H/C Finger as well as 

the 4 m3 autoclave

Calibrate heat loss 
coefficients

Install 
Heating 

cartridge

Measure 
Temperatures at 
different steady 

states 

RM_MZA1_SDR2_HC_stationary_run.m

Static Model
RM_MZA1_SDR2_HC_stationary_f.m

k_values_SDR2_Finger_f.m

RM_SDR2_HC_stationary_correction.m

RM_MZA1_HC_optim_k_values.m

Furrer, T., Levis, M., Berger, B., Kandziora, M. & Zogg, A. New Scale-Up Technologies for Multipurpose Pharmaceutical Production Plants: Use 

Case of a Heterogeneous Hydrogenation Process. Org. Process Res. Dev. 27, 1365–1376 (2023). https://doi.org/10.1021/acs.oprd.3c00124 

https://doi.org/10.1021/acs.oprd.3c00124
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Workflow: Qualification of the H/C-Finger at steady state

Furrer, T., Levis, M., Berger, B., Kandziora, M. & Zogg, A. New Scale-Up Technologies for Multipurpose Pharmaceutical Production Plants: Use Case 

of a Heterogeneous Hydrogenation Process. Org. Process Res. Dev. 27, 1365–1376 (2023). https://doi.org/10.1021/acs.oprd.3c00124 

𝑻𝑶,𝒊𝒏

𝑻𝑴𝒆𝑶𝑯

https://doi.org/10.1021/acs.oprd.3c00124
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Workflow: Qualification of the H/C-Finger at steady state

Reactor content: 
Methanol

Furrer, T., Levis, M., Berger, B., Kandziora, M. & Zogg, A. New Scale-Up Technologies for Multipurpose Pharmaceutical Production Plants: Use Case of a 

Heterogeneous Hydrogenation Process. Org. Process Res. Dev. 27, 1365–1376 (2023). https://doi.org/10.1021/acs.oprd.3c00124 

✓ The heat transfer of the Scale-
Down-Reactor is similar to the 

production scale reactor.

✓ Standard jacketed laboratory 
reactors are not representative!

https://doi.org/10.1021/acs.oprd.3c00124
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Application: Hydrogenation

1 L Scale-Down Reactor

4 m3 Autoclave

Furrer, T., Levis, M., Berger, B., Kandziora, M. & Zogg, A. New Scale-Up Technologies for Multipurpose Pharmaceutical Production Plants: Use 

Case of a Heterogeneous Hydrogenation Process. Org. Process Res. Dev. 27, 1365–1376 (2023). https://doi.org/10.1021/acs.oprd.3c00124 

RM_SDR2_B1_HC_run.m

✓ The heat transfer of the Scale-
Down-Reactor is similar to the 

production scale reactor.

https://doi.org/10.1021/acs.oprd.3c00124
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Outlook: Proposal for a future Scale-Up-Strategy

design the 
Scale-Down-Reactor

run experiments within the 
Scale-Down-Reactor

Direct Scale-Up into standard 
Batch Reactors

Process & 
Product in 

spec. ?
adapt the process

choose another equipment 
(e.g. continuous reactor)

Experts in process development 

Experienced lab technicians 

Production – external or internal
Dedicated Equipment, e.g. 

Continuous Reactors
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Heiz/Kühlfinger
an der FHNW in Muttenz

Heiz-Kühlfinger optimiert 
bei der Siegfried AG

𝑻𝑶,𝒊𝒏

𝑻𝑶,𝒐𝒖𝒕

https://www.premex-solutions.ch/
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Scale-Down Reaktor für Reaktionen 
unter Druck an der FHNW in Muttenz

Heiz-Kühlfinger eingebaut 
im RC1 bei der Siegfried AG

https://www.premex-solutions.ch/
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Scale-Down Reaktor für Reaktionen 
unter Druck an der FHNW in Muttenz

Heiz-Kühlfinger eingebaut 
In einen normalen Laborreaktor

https://www.premex-solutions.ch/
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Mischthermostat für den Scale-Down 
Reaktor an der FHNW in Muttenz

Entwicklung eines kompakten 
Thermostaten für den H/K-Finger
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Automatisierung des Scale-Down 
Reaktors an der FHNW in Muttenz

Vision

Lab supervision system

SPS

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