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1. Reactors: Goal, Design

Jiang, Y. Continuous Flow Reactors Yield Multiple Benefits. Chemical Processing, Oct. 9, 2022.
www.chemicalprocessing.com/processing-equipment/reaction-synthesis/article/21436111/continuous-
flow-reactors-yield-multiple-benefits

Gérardy, R.; Emmanuel, N.; Toupy, T.; Kassin, V.-E.; Tshibalonza, N. N.; Schmitz, M.; Monbaliu, J.-C. M.
Continuous Flow Organic Chemistry: Successes and Pitfalls at the Interface with Current Societal
Challenges. Eur. J. Org. Chem. 2018, 2018 (20-21), 2301-2351.
https://doi.org/10.1002/ejoc.201800149

Lavric, D.; Lobet, O.; Guidat, R.; Vizza, A.; Jiang, Y. Corning® Advanced-Flow™ Reactors: Innovation Drives
Continuous Flow Manufacturing of Chemicals. Pharma Tech Japan 2017, 33 (12), 68-77.

Guidat, R.; Vizza, A.; Jiang, Y. Advanced-Flow Reactor Technologies Makes Continuous-Flow Industrial
Production Real. Specialty Chemical Magazine 2015, 35 (11), 30-32.

Calabrese, G. S.; Pissavini, S. From Batch to Continuous Flow Processing in Chemicals Manufacturing.
AIChE J. 2011, 57 (4), 828-834.
https://doi.org/10.1002/aic.12598

Dann, E.; Schmidt, F.; Chevalier, B. Corning® Advanced-Flow™ Glass Reactors: Now It Is Simple to Scale up
Production. Chemistry Today 2010, 28 (1), 24-25.

Schmidt, F.; Chevalier, B. The Future Flows Through Corning® Advanced-Flow™ Glass Reactors.
Engineered to Move You to Market Faster and More Efficiently. Chemistry Today 2009, 27 (2), 4-5.

Roberge, D. M.; Gottsponer, M.; Eyholzer, M.; Kockmann, N. Industrial Design, Scale-up and Use of
Microreactors. Chemistry Today 2009, 27 (4), July-August.

Dann, E.; Schmidt, F.; Chevalier, B. Corning® Advanced-Flow™ Glass Reactors - the Benefits Are Clear.
Chemistry Today 2009, 27 (4), 12-13.

Chevalier, B. Corning Microreaction Technology, a Process Intensification Solution Designed for Industrial
Production. Chemistry Today 2008, 26 (5), 6-7.
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Barthe, P.; Guermeur, C.; Lobet, O.; Moreno, M.; Woehl, P.; Roberge, D. M.; Bieler, N.; Zimmermann, B.
Continuous Multi-Injection Reactor for Multipurpose Production - Part I. Chem. Eng. Technol. 2008, 31 (8),
1146-1154.

https://doi.org/10.1002/ceat.200800132

Roberge, D. M.; Bieler, N.; Mathier, M.; Eyholzer, M.; Zimmermann, B.; Barthe, P.; Guermeur, C.; Lobet, O.;
Moreno, M.; Woehl, P. Development of an Industrial Multi-Injection Microreactor for Fast and Exothermic
Reactions - Part Il. Chem. Eng. Technol. 2008, 31 (8), 1155-1161.
https://doi.org/10.1002/ceat.200800131

2. Reactor Engineering & Characterization

Krieger, J.-P.; Fuchs, J.-L.; Collura, F. D. Automated Residence Time Distribution Characterization in Flow
Reactors: A Unified Framework toward Digital Twins. Org. Process Res. Dev. 2026, 30, 5, 1331-1341.
https://doi.org/10.1021/acs.oprd.6c00059

Gao, F.; Guo, J.; Zhang, W.; Hou, Y.; Hu, J. Efficiency and multi-objective optimization of gas-liquid-phase
mass transfer in high-viscosity fluids within heart-shaped microchannels. Chemical Engineering &
Processing: Process Intensification 213 (2025) 110319.

https://doi.org/10.1016/j.cep.2025.110319

Horvath-Gerber, F.; Narayan, S.; Pervunin, K. S. et al. In the heart of a micro-mixer: characterisation of liquid-
liquid flow hydrodynamics inside an advanced-flow micro-reactor. Microfluid Nanofluid 2025, 29, 75.
https://doi.org/10.1007/s10404-025-02842-3

Yu, Z., Meng, X., Zheng, M. and Wang, J. The Effect of Asymmetric Structure on the Mixing in Heart-
Shaped Passive Microreactor. Chem. Eng. Technol. 2025, 48: €70096.
https://doi.org/10.1002/ceat.70096

Roseau, M.; Chausset-Boissarie, L.; Gremetz, S.; Roth, P. M. C.; Penhoat, M. Multiple Wavelength (365—
475 Nm) Complete Actinometric Characterization of Corning® Lab Photo Reactor Using Azobenzene as a
Highly Soluble, Cheap and Robust Chemical Actinometer. Photochem Photobiol Sci 2022.
https://doi.org/10.1007/s43630-022-00171-w

Zheng, M.; Li, H.; Chen, C.; Chen, T.; Zou, W.; Zheng, H.; Yan, Z. Breakup of Bubbles in Advanced-Flow
Reactor at Low Reynolds Numbers. Journal of the Taiwan Institute of Chemical Engineers 2022, 139,
104506.

https://doi.org/10.1016/|.jtice.2022.104506
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Yang, M.; Yang, L.; Zheng, J.; Hondow, N.; Bourne, R. A.; Bailey, T.; Irons, G.; Sutherland, E.; Lavric, D.; Wu,
K.-J. Mixing Performance and Continuous Production of Nanomaterials in an Advanced-Flow Reactor.
Chemical Engineering Journal 2021, 128565.

https://doi.org/10.1016/].cej.2021.128565

Dong, Z.; Wen, Z.; Zhao, F.; Kuhn, S.; Noél, T. Scale-up of Micro- and Milli-Reactors: An Overview of
Strategies, Design Principles and Applications. Chemical Engineering Science: X 2021, 100097.
https://doi.org/10.1016/j.cesx.2021.100097

Lobet, O.; Vizza, A. SiC Advanced-Flow Reactors for Highly Corrosive Media. Specialty Chemical Magazine
2016, 36 (08), 32-35.

Moreau, M.; Di Miceli Raimondi, N.; Le Sauze, N.; Cabassud, M.; Gourdon, C. Pressure Drop and Axial
Dispersion in Industrial Millistructured Heat Exchange Reactors. Chemical Engineering and Processing:
Process Intensification 2015, 95, 54-62.

https://doi.org/10.1016/j.cep.2015.05.009

Nieves-Remacha, M. J.; Kulkarni, A. A.; Jensen, K. F. OpenFOAM Computational Fluid Dynamic
Simulations of Single-Phase Flows in an Advanced-Flow Reactor. Ind. Eng. Chem. Res. 2015, 54 (30),
7543-7553.

https://doi.org/10.1021/acs.iecr.5b00232

Nieves-Remacha, M. J.; Yang, L.; Jensen, K. F. OpenFOAM Computational Fluid Dynamic Simulations of
Two-Phase Flow and Mass Transfer in an Advanced-Flow Reactor. Ind. Eng. Chem. Res. 2015, 54 (26),
6649—6659.

https://doi.org/10.1021/acs.iecr.5b00480

Wu, K.-J.; Nappo, V.; Kuhn, S. Hydrodynamic Study of Single- and Two-Phase Flow in an Advanced-Flow
Reactor. Ind. Eng. Chem. Res. 2015, 54 (30), 7554—-7564.
https://doi.org/10.1021/acs.iecr.5b01444

Nieves-Remacha, M. J.; Jensen, K. F. Mass Transfer Characteristics of Ozonolysis in Microreactors and
Advanced-Flow Reactors. Journal of Flow Chemistry 2015, 5 (3), 160—165.
https://doi.org/10.1556/1846.2015.00010

Woitalka, A.; Kuhn, S.; Jensen, K. F. Scalability of Mass Transfer in Liquid—Liquid Flow. Chemical
Engineering Science 2014, 116, 1-8.
https://doi.org/10.1016/j.ces.2014.04.036
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Nieves-Remacha, M. J.; Kulkarni, A. A.; Jensen, K. F. Gas—Liquid Flow and Mass Transfer in an Advanced-
Flow Reactor. Ind. Eng. Chem. Res. 2013, 52 (26), 8996—9010.
https://doi.org/10.1021/ie4011707

Lavric E. D.; Cerato-Noyerie C. Mass Transfer in Gas-Liquid Flow in Corning® Advanced-Flow™ Reactors.
Chemical Engineering Transactions 2012, 29, 979-984.
https://doi.org/10.3303/CET1229164

Nieves-Remacha, M. J.; Kulkarni, A. A.; Jensen, K. F. Hydrodynamics of Liquid—Liquid Dispersion in an
Advanced-Flow Reactor. Ind. Eng. Chem. Res. 2012, 51 (50), 16251-16262.
https://doi.org/10.1021/ie301821k

J. Jorda; Vizza, A. From Laboratory to Production: A Seamless Scale-Up. Speciality Chemicals Magazine
2012, No. Nov., 19-21.

Mikhail Chivilikhin; Lev Kuandykov; Carine Cerato-Noyerie; Pierre Woehl; Elena Daniela Lavric Residence
Time Distribution in Corning® Advanced-Flow™ Reactor. Experiment and Modelling. Chemical Engineering
Transactions 2011, 25, 791-796.

https://doi.org/10.3303/CET1125132

Zhang, F.; Carine Cerato Noyerie; Pierre Woehl; Elena Daniela Lavric. Intensified Liquid/Liquid Mass
Transfer in Corning® Advanced-Flow™ Reactors. Chemical Engineering Transactions 2011, 24, 1369-1374.
https://doi.org/10.3303/CET1124229

Chivilikhin M. S.; Soboleva V.; Kuandykov L.; Woehl P.; Lavric E. D. CFD Analysis of Hydrodynamic and Thermal
Behaviour of Advanced-Flow™ Reactors. Chemical Engineering Transactions 2010, 21, 1099-1104.
https://doi.org/10.3303/CET1021184

Lavric, E. D.; Woehl, P. Advanced-Flow™ Glass Reactors for Seamless Scale-Up. Chemistry Today 2009, 27
(3), 45-48.

Chevalier, B.; Lavric, E. D.; Cerato-Noyerie, C.; Horn, C. R.; Woehl, P. Microreactors for Industrial Multi-
Phase Applications. Test Reactions to Develop Innovative Glass Microstructure Designs. Chemistry Today
2008, 26 (2), 38—-42.

Lavric, D. Thermal Performance of Corning Glass Microstructures, Heat Transfer and Fluidic Flow in
Microscale. lll. Conference, Hilton Whistler, BC, Canada, ECI international 2008.
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3. Published applications in Corning AFR

3.1. Photochemistry

Hymel, D., Wojcik, F., Halskov, K.S. et al. Photochemically-enabled, post-translational production of C-
terminal amides. Nat Commun 15, 7162 (2024).
https://doi.org/10.1038/s41467-024-51005-5

Stankiewicz, A. I.; Nigar, H. Beyond Electrolysis: Old Challenges and New Concepts of Electricity-Driven
Chemical Reactors. React. Chem. Eng. 2020, 5 (6), 1005-1016.
https://doi.org/10.1039/DORE00116C

Roibu, A.; Horn, C. R.; Van Gerven, T.; Kuhn, S. Photon Transport and Hydrodynamics in Gas-Liquid Flow
Part 2: Characterization of Bubbly Flow in an Advanced-Flow Reactor. ChemPhotoChem 2020, 4 (10),
5193-5200.

https://doi.org/10.1002/cptc.202000066

Gauron, G.; Ao, J.; Gremetz, S.; Horn, C. R. Powerful Scalable Photochemistry: The Efficient Use of Light.
Chemistry Today 2018, 36 (4), 12—-15.

Elgue, S.; Aillet, T.; Loubiere, K.; Conté, A.; Dechy-Cabaret, O.; Prat, L.; Horn, C. R.; Lobet, O.; Vallon, S. Flow
Photochemistry: A Meso-Scale Reactor for Industrial Applications. Chemistry Today 2015, 33 (5), 58-61.

3.1.1. Gas photochemistry

Jiang, H.; Chen, Y.; Huang, M.; Liu, T.; Wu, Y.-D.; Zhang, X. Exploring New Reactions with an Accessible
High-throughput Screening (Open-HTS) Chemical Robotic System. Org. Process Res. Dev. 2025, 29, 6,
1423-1431.

https://doi.org/10.1021/acs.oprd.5c00027

Kitamura, H.; Nikitin, M.; Ghosh, 1.; Kénig, B.; Kappe, C. O.; Otvés, S. B. Direct utilization of hydrogen
sulfide gas for aryl thiol synthesis via adaptive dynamic homogeneous catalysis in a flow system. Chem.
Commun., 2025, 61, 18681-18684.

https://doi.org/10.1039/D5CC04825G

Giada Moroni, Yi-Hsuan Tsai, Marco Ballarotto, Andrea Carotti, Jean-Christophe M. Monbaliu and Antimo
Gioiello. Photooxygenation Reactions of Olefins Under Flow Conditions: An Experimental and In-Silico
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Study. ChemPhotoChem 2025, e202500027.
https://doi.org/10.1002/cptc.202500027

Bannon, R.; Morrison, G.; Smyth, M.; Moody, T. S.; Wharry, S.; Roth, P. M. C.; Gauron, G.; Baumann, M.
Continuous Flow Approach for Benzylic Photo-oxidations Using Compressed Air. Org. Process Res. Dev.
2024, 28, 8, 3307-3312.

https://pubs.acs.org/doi/10.1021/acs.oprd.4c00213

Lancel, M.; Zimberlin, P.; Gomez, C.; Port, M.; Khrouz, L.; Monnereau, C.; Amara, Z. Self-Sensitized
Photooxidation of Naphthols to Naphthoquinones and the Use of Naphthoquinones as Visible Light
Photocatalysts in Batch and Continuous Flow Reactors. J. Org. Chem. 2023, acs.joc.2c03014.
https://doi.org/10.1021/acs.joc.2c03014

Lancel, M.; Golisano, T.; Monnereau, C.; Gomez, C.; Port, M.; Amara, Z. Sustainable Photooxidation Using
a Subpart-per-Million HeavyMetal-Free Red-Light Photocatalyst. ACS Sustainable Chem. Eng. 2023, 11
(43), 15674-15684.

https://doi.org/10.1021/acssuschemeng.3c04688

Kassin, V.-E. H.; Silva-Brenes, D. V.; Bernard, T.; Legros, J.; Monbaliu, J.-C. M. A Continuous Flow Generator
of Organic Hypochlorites for the Neutralization of Chemical Warfare Agent Simulants. Green Chem. 2022,
24 (8),3167-3179.

https://doi.org/10.1039/D2GC00458E

Mandigma, M. J.; Zurauskas, J.; MacGregor, C. |.; Edwards, L.; Shahin, A.; d’"Heureuse, L.; Yip, P.; Birch, D. J.
S.; Gruber, T.; Heilmann, J.; John, M. P.; Barham, J. P. An Organophotocatalytic Late-Stage N -CH 3
Oxidation of Trialkylamines to N -Formamides with O 2 in Continuous Flow. Chem. Sci. 2022, 13, 1912-
1924.

https://doi.org/10.1039/D1SC0O5840A

Lancel, M.; Gomez, C.; Port, M.; Amara, Z. Performances of Homogeneous and Heterogenized Methylene
Blue on Silica Under Red Light in Batch and Continuous Flow Photochemical Reactors. Front. Chem. Eng.
2021, 3, 752364.

https://doi.org/10.3389/fceng.2021.752364

Horn, C. R.; Gremetz, S. A Method to Determine the Correct Photocatalyst Concentration for Photooxidation
Reactions Conducted in Continuous Flow Reactors. Beilstein J. Org. Chem. 2020, 16, 871-879.
https://doi.org/10.3762/bjoc.16.78
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Emmanuel, N.; Bianchi, P.; Legros, J.; Monbaliu, J.-C. M. A Safe and Compact Flow Platform for the
Neutralization of a Mustard Gas Simulant with Air and Light. Green Chem. 2020, 22 (13), 4105-4115.
https://doi.org/10.1039/D0GC01142H

Tang, X.-F.; Zhao, J.-N.; Wu, Y-F.; Zheng, Z-H.; Feng, S.-H.; Yu, Z.-Y,; Liu, G.-Z.; Meng, Q.-W. Enantioselective
Photooxygenation of 8-Dicarbonyl Compounds in Batch and Flow Photomicroreactors. Org. Biomol.
Chem. 2019, 17 (34), 7938-7942.

https://doi.org/10.1039/C90B013798B

Emmanuel, N.; Mendoza, C.; Winter, M.; Horn, C. R.; Vizza, A.; Dreesen, L.; Heinrichs, B.; Monbaliu, J.-C.
M. Scalable Photocatalytic Oxidation of Methionine under Continuous-Flow Conditions. Org. Process Res.
Dev. 2017, 21 (9), 1435-1438.

https://doi.org/10.1021/acs.oprd.7b00212

3.1.2. Materials

Aydogan, C.; Magiakos, A.; Hall, M. D.; Yao, Y.; Haddleton, D. M. Visible-light induced photopolymerization
mediated by Mn;(CO)1o in a continuous-flow process. European Polymer Journal 2026, 252, 114748.
https://doi.org/10.1016/j.eurpolymj.2026.114748

Bianchi, P.; Petit, G.; Monbaliu, J.-C. M. Scalable and Robust Photochemical Flow Process towards Small
Spherical Gold Nanoparticles. React. Chem. Eng. 2020, 5 (7), 1224-1236.
https://doi.org/10.1039/DOREO0092B

3.1.3. Halogen Photochemistry

Radjagobalou, R.; Imbratta, M.; Bergraser, J.; Gaudeau, M.; Lyvinec, G.; Delbrayelle, D.; Jentzer, O.;
Roudin, J.; Laroche, B.; Ognier, S.; Tatoulian, M.; Cossy, J.; Echeverria, P.-G. Selective Photochemical
Continuous Flow Benzylic Monochlorination. Org. Process Res. Dev. 2022, 26, 5, 1496—-1505.
https://doi.org/10.1021/acs.oprd.2c00065

Steiner, A.; Nelson, R. C.; Dallinger, D.; Kappe, C. O. Synthesis of Thiomorpholine via a Telescoped
Photochemical Thiol-Ene/Cyclization Sequence in Continuous Flow. Org. Process Res. Dev. 2022, 26, 8,
2532-2539.

https://doi.org/10.1021/acs.oprd.2c00214
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Waterford, M.; Saubern, S.; Hornung, C. H. Evaluation of a Continuous-Flow Photo-Bromination Using N-
Bromosuccinimide for Use in Chemical Manufacture. Aust. J. Chem. 2021, 74 (8): 569-573.
https://doi.org/10.1071/CH20372

Rosso, C.; Williams, J. D.; Filippini, G.; Prato, M.; Kappe, C. O. Visible-Light-Mediated
lodoperfluoroalkylation of Alkenes in Flow and Its Application to the Synthesis of a Key Fulvestrant
Intermediate. Org. Lett. 2019, 21 (13), 5341-5345.

https://doi.org/10.1021/acs.orglett.9b01992

Chen, Y.; de Frutos, O.; Mateos, C.; Rincon, J. A.; Cantillo, D.; Kappe, C. O. Continuous Flow Photochemical
Benzylic Bromination of a Key Intermediate in the Synthesis of a 2-Oxazolidinone. ChemPhotoChem 2018,
2 (10), 906-912.

https://doi.org/10.1002/cptc.201800114

3.1.4. Potentially hazardous species “in situ”

Gonzalez-Esguevillas, M.; Fernandez, D. F.; Rincdn, J. A.; Barberis, M.; de Frutos, O.; Mateos, C.; Garcia-
Cerrada, S.; Agejas, J.; MacMillan, D. W. C. Rapid Optimization of Photoredox Reactions for Continuous-
Flow Systems Using Microscale Batch Technology. ACS Cent. Sci. 2021, 7, 7, 1126-1134.
https://doi.org/10.1021/acscentsci.1c00303

Steiner, A.; de Frutos, O.; Rincon, J. A.; Mateos, C.; Williams, J. D.; Kappe, C. O. N-Chloroamines as
Substrates for Metal-Free Photochemical Atom-Transfer Radical Addition Reactions in Continuous Flow.
React. Chem. Eng. 2021, 6 (12), 2434-2441.

https://doi.org/10.1039/D1REQ0429H

Steiner, A.; Williams, J. D.; de Frutos, O.; Rincdn, J. A.; Mateos, C.; Kappe, C. O. Continuous Photochemical
Benzylic Bromination Using in Situ Generated Br2: Process Intensification towards Optimal PMI and
Throughput. Green Chem. 2020, 22 (2), 448-454.

https://doi.org/10.1039/C9GCO03662H

Steiner, A.; Roth, P. M. C.; Strauss, F. J.; Gauron, G.; Tekautz, G.; Winter, M.; Williams, J. D.; Kappe, C. O.
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