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~40 employees
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6 Research Groups:

« Infrared and Raman Spectroscopy
« Optical Coherence Tomography Optics
» Terahertz Technology

e Laser-Ultrasound
* Photoacoustics Acoustics
« Physical & Computational Acoustics
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PAT @BIO

PAT — Process Analytical Technologies
BIO — Bio-process / Bio-refinery

challenge: volatile raw materials
—> variabilities in the processes!
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Monitoring of Bioprocesses
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Common to all (bio)-processes

> Knowledge of certain parameters during the process
Is crucial for controlling and optimizing process efficiency and amount &
quality of the output!

Off-line

Analytics

)

= Off-line analytics methods
(GC, HPLC, enzymatic analyzation,... )

In-line I
Measurement have many disadvantages
M, —— — Time consuming (typically >30min)
M, s H,S0, — Invading (sample needs to be taken)
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Monitoring of Bioprocesses

Spectroscopy (NIR, MIR, Raman) has already been used to monitor
bioprocesses for a couple of decades

— Non-destructive, non-invading
— Short measurement time
— Easy maintenance

Combined with multivariate data analysis

it allows real-time in-line
measurements of certain paramters

IR-Spectromter

In-line _
Measurement SIF?_I‘iEtrﬁSa?DPI:C
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IR-Spectroscopy

= Limitations of IR spectroscopy? Yes, BUT ...
.. substantial (disruptive) technological progress during last decade:

ey ————— - | High power

I | High spatial coherence
| — Versatile and powerful MIR laser sources | i 20202 ===
L e e e ]
[ I ': Miniat
I — Fully-integrated spectrometer technology | Low coct
|

Extremely robust

— Large number of new optical technologies on a component level

— New tools for data analysis (e.g. hyperspectral image analysis)
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Quantum Cascade Lasers

= Quantum Cascade Laser (QCL)

Energy
i Lateral position x
"Band gap engineering"
1
||
oo
|
0] | | |
= " A
(@) | [ | il
o | | | IlI | | l,|
| ||I' IR
| | I{"ﬁ | [ i II ﬁl B
| r||| 4, R L TN
| | J ||| I | ) |' ) \'\
| ]
1 1
3.7 pym 12 ym

=) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Seite 8 © RECENDT 2020 Robert Holzer



Supercontinuum Lasers

= Supercontinuum Laser (SCL)
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Kilgus et al. Appl. Spectrosc. 72 (2018)
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200 Mid-infrared supercontinuum covering the
1.4-13.3 pm|molecular fingerprint region using
ultra-high NA chalcogenide step-index fibre

Christian Rosenberg Petersen'™  Uffe Meller!, Irnis Kubat', Binbin Zhou', Sune Dupont?,

Jacob Ramsay?, Trevor Benson?, Slawomir Sujeck?, Nabil Abdel-Moneim?, Zhuoqi Tang?®,
David Furniss®, Angela Seddon” and Ole Bang'*
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IR Laser sources

Quantum Cascade Laser (QCL)

Supercontinuum Laser (SCL)

> Up to 103-fold increased
spectral power density (optical
power per spectral unit)

> Higher power density than
synchrotron sources
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Microspectrometers

Microspectrometers have some obvious advantages
compared to process spectrometers

—  Smaller size (only 25 x 25 x 17.5 mm3)

—  Lower-costs (2k€ vs. > 40k€)

— Robustness (no moving parts)

Limitations:
— Smaller wavelength range (1.35 — 2.45 ym range is covered by 4 devices)
—  Lower resolution (about 14 — 30 nm FWHM depending on the wavelength)
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Bioprocess Monitoring
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https://doi.org/10.1007/s00216-019-02227-w

Or at least:
a window...
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https://doi.org/10.1007/s00216-019-02227-w

Spectrometer 1

BIOMASS
PEN
POY Spectrometer 1 Spectrometer 2

EE— T < T T T T 0.25
15 H

0.2

f=3
=
w»

NH3

10

Absorbance (a.u.)
o

VIP Score

0.05

-0.05 p !
7500 7000 6500 6000

Wavenumber (1/cm)

7500 7000 6500 6000 5500 5000 4500

Wavenumber (cm™) Spectrometer 2
0.05 . T -

0.04 -

Absorbance (a.u.)

-0.01" : ! - :
5800 5600 5400 5200 5000 4800 4600

Wavenumber (1/cm)

=) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Seite 13 © RECENDT 2020 Robert Holzer



Biomass and Penicillin
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CHASE is the Austrian competence center connecting
interdisciplinary domain knowledge from chemistry,
(bio)process engineering, material and software sciences to
transform the process industry by engineering chemical systems.

https://chasecenter.at/
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Particle manipulation

Process Analytical Chemistry

USEPAT
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Publication

Probe-less non-invasive near-infrared spectroscopic
bioprocess monitoring using microspectrometer
technology
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PLS Regression

https://doi.org/10.1007/s00216-019-02227-w
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Contact

= RECENDT GmbH

— Dipl.-Ing. Robert Holzer
robert.holzer@recendt.at
+43 (732) 2468 - 4602
+43 (664) 965 89 27

— Head of IR- and Raman-Spectroscopy:
Dr. Markus Brandstetter
markus.brandstetter@recendt.at
+43 (732) 2468 - 4620

— www.recendt.at
www.k-pac.at

— A —4040 Linz, Altenberger StraBBe 69, Science Park 2
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