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Non-invasive Raman spectroscopy is an effective tool in process analysis technology (PAT) for monitoring biological and chemical systems in real
time

Highly flexible: Use of existing measurement points, e.g. flow indicator armatures of reactors, glass reactors, and many more

No special materials necessary (Hastelloy, tantalum, ceramics) in aggressive process conditions, compared to immersion probes

Installation of iImmersion probes into product-conducting lines is very cost- and time-intensive

No sample-taking is necessary, which eliminates the danger of contamination in biological processes
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=) Simple implementation into the process to be monitored via existing access windows
1 Monitoring aerobic batch fermentation through the 12 mm-thick borosilicate glass cladding of a fermenter
2 Determination of conversion dwell-time curves through the quartz glass window of a plate micro-reactor
3 Real-time measurements in a two-phase system via a commercially-available Teflon® (PFA) capillary

& Co-axial Raman probe construction with long focal length 1 & Monitoring an aerobic yeast fermentation (Saccharomyces cerevisiae)
» In-line Raman analysis in conjunction with MultiSpec® Raman System (tec5 AG, Germany)

®» Innovative probe design - uses large-diameter lenses

®» Results in a long focal length with high collection efficiency

®» Raman measurements can be done through inspection glass up to PN 40 [3]
=®» Combination with Fresnel optics — focal lengths up to a 1 m range are possible [3]
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& Non-invasive Raman measurements via windows available in the process (flow indicator armatures, micro-reactors, fermenters) lead to a versatile
measurement system without interference with the process being monitored [3] and high added value through process optimization.

1 & Measurements in reactors/bioreactors 2/3 & Measurements in micro-structures
» Externally monitoring glucose breakdown and ethanol production during yeast fermentation ® Resource-saving / sagmﬂc;ant t.|me_ >avings
(Saccharomyces cerevisiae) ®» [ast assessment of reaction kinetics
=» Simple-to-implement measurement setup for chemical and pharmaceutical processes (parameter screening: temperature, catalyst quantity, etc.)
®» No interference with mechancal systems; mountable on existing windows ® Very fast continuous measurement of two-phase flows (maximum
® Short amortization time sampling rate of 333 spectra per second)
Hanns Simon Eckhardt tecS AG Literature [1] EQChWOI(?AW’ ? _Bragm, ITD Radle,RM., ITDockmann, N., Réder, T., 2015. Fast and Efficient Acquisition of Kinetic Data in MicroreactorsUsing In-Line
aman Analyslis. Org. Frocess Res. Dev..
Email: h .eckhardt@tec5.com In der Au 27 [2] Sc_:hwolow, Sxf, Heikegnwalder, B., Abahmane, L., Kockmann, N., Roder, T., 2014 . Kinetic and Scale-up Investigations of a Michael Addition in
Tel.: 06171/9758-35 61440 Oberursel [3] I\Bﬂrlglrjzr,GE?tg::?a(ﬁ(r,gﬁTrgfjr?r?e?efls.: gcezll/.hardt, H. S., Theuer, M., Veith, U., Henning, S., Ferstl, W., Methner, F.-J., Beuermann, T., Gretz, N., Radle, M.,

Deutschland 2016. Nicht-invasive Prozesssonde zur Inline-Ramananalyse durch optische Schauglaser. tm — Technisches Messen. Article in press.



