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layered materials
e Examples

— Blending, compaction, extrusion, biological product (fruits ..)

* Representativity of the spectral measurement
X L0

NIR Measurement ::.0.:‘ Lower scale
Global scale 3‘°‘—> Spectrum of type 1 particles
Ay > Spectrum of type 2 particles

e Critical attributes
— Physical: Particle size, density, homogeneity, structure conformity
— Chemical: Chemical concentration, drying, adulteration




Complex Liquid Products

Binary mixture :
* Liquid/ solid, Liquid / Liquid, Liquid /Gaz
 Examples:

* Fermentation, Crystallization, Dissolution

* Representativity of the spectral measurement

Lower scale
Spectrum of particles in suspension
Spectrum of Liquid

NIR Measurement
Global scale

e Critical attributes
— Physical: Particles or cells size and density (turbidity)
— Chemical: Chemical attributes of the suspension



“Real-life” measurement configuration

~* Therepresentativity of the spectra can be
affected by the measurement environment

— Inlab (controlled conditions)
— Into a reactor (liquid or solid)
— Into tube/pipe during transfer
— On conveyor belts

— Through packaging
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~ Retro-diffusion

~ Measurements _ :
Light c .
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e SRS : Spectrum (nm) © o Positions

ample — Measurements at different distances

— Measurement in transmission and reflection

e Main benefits for :

N — Scattering products
Transmission
Measurements — Heterogeneous Products,

e.g. multi-layered/ coated products

-
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Light / Matter Interaction within the product

Turbidity
Granulometry
Multiple diffusion
Tomography

Scattering

VT I | Absorbance

uv VIS NIR MIR

=» A better understanding of scattering enables the
design of new tools for a better product characterization



Tools from the medical field

e Spatially Resolved Spectroscopy:

— Many medical research centers have worked on
this technique

— Several simulation tools for light/matter
interaction have been developed:

* Monte-Carlo simulation : Millions of photons are
launched.

=>» A photon path is defined by product attribute and
statistical/ probabilistic model

10



Example : change in scattering

Monte-Carlo simulation

" Spatlally Resolved Spectroscopy
| 'Y Measurement
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Example : change in scattering

‘Monte-Carlo simulation Absorption (p,=0.3 cm), scattering (Ug=5 cm-1)

,/( . 12



Example : change in scattering

‘Monte-Carlo simulation  Absorption (1,=0.3 cm-1) , scattering (Kg=25cm™)

tgher scattering medias

Examples

More compaction

Smaller particle size

Higher turbidity

- -)ngher SIgnaI close to irradiation point
x BEWARE not due to absorption change

*ﬂ -)More superficial / Less deep measurement

. B



Highly complex samples

=» Tools from the medical field

rradiation

Shape
Layers
Chemical product

Point of illumination

e Spatially Resolved Spectroscopy:

— Several simulation tools have been developed
* Monte-Carlo simulation
* Finite Elements Methods (NIRFAST)

— The shape is modeled by pyramid

— The radiative theory is used to calculate
light absorption and scattering

UNIVERSITYO©F
BIRMINGHAM

Pr. Hamid Dehghani
NIR2013 Invited Speaker

NIR 2013

Pre-conference workshop

on NIRFAST
http://www.ondalys.fr/en/nir-2013/
the 2™ of June 2013
La Grande Motte, France

" Results : VIS/NIR Spectra
Fluorescence 4
Heat generated
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Layered products

=» Chemometrics approach

The closest position provides more
information from the coating

Depending on the distance, the measurement will
be more sensitive to the underlying layer : coated

tablet, fluid bed dryer...

4 R

=» SRS data processing solutions:

- Subtract position 1 from the others
- Use data set of position 1 for a PCA and

subtract the subspace from the other

\\positions (EPO approach) /

The farthest position provides more

4 accuracy of deep layers
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Heterogeneous products

=» Chemometrics (solution patented)

e Uniformity and homogeneity is

Symmetrical positions evaluated by spectral comparison.
1 position = 1 spectrum

L 2R 2

— Similar spectra : homogeneous

Irradiation fiber — Else : heterogeneous
In the probe center . . . .
P =>» Possible diagnosis of chemical or
physical origins

L 4

L 4

Probe

- Fibers with specific glue

- High precision positioning
(+/-10pm)

Scattering of Light
Chemical and physical light/matter
interaction within the sample matrix Irradiation

<*

*

Analyzed sample
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Heterogeneous products

=» Heterogeneity index

 Comparison of SAM-Spec® 2 symmetrical signals (position #3 and #4).

X, (A) :
(1) =22 Confidence
ie X, (4) 1 \/J/\f(nm) - limits

* Heterogeneity index computed vs reference measured
on optical standards

Confidence
limit

%) Xs (4)
Xh _cor (2“) AbS( 4(1) mea ( ref (ﬂ)) )

— Wavelength dependent = chemical heterogeneity

0

A (nm)

— Wavelength independent but offset = physical heterogeneity

« :
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Probe design according to the application

Tablets
Capsules
Strips

Films

Seeds
Multi-layered

Powders
Granules
Gels

Foams
Turbid liquids

MEAN PARTICLE SIZE CHEMICAL
DENSITY HOMOGENEITY COMPOSITION
AGGLOMERATE DETECTION

j LAYER (COATING)
. CELL DENSITY CELL DISCRIMINATION
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SAM-Spec® solution : Spatial Advanced

Measurement by Spectroscopy

* Use NIR Spectrometers
— Multiplexed spectrometer (Bruker, Thermo, ...)
— Spectrometer with external multiplexer (ASD, Zeiss, Avantes ...)

=>» Optical Switch DART 501

* Use hyperspectral camera: Hy-Ternity®
— Detection range: 400-1000nm or 1000nm-1700nm

=» Provide acquisition of 30 positions in 1-5ms




* Hyperspectral camera (400-1700nm)

* |IP65 Unit, touchscreen and low voltage computer
e Compatible with all probes

<« -



3 independent light sources

Temperature measurement for

each probe
Up to 3 probes simultaneously

Detection of probe geometry
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Detection of cracks into tablets:

SAM-Spec © probe + Hy-Ternity ©

Measure number
116 -
Probe head A
-
12 wé
' Irradiation
and measurement ¥
10:
= £ - + p 1' v
Tablet ;:ibe_-r n-l-lln b;r 7 : SPmN
Wavelength
70.
Scan :
.
1.
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Heterogeneity Index (at one wavelength)
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Homogeneity : agglomerate detection
SAM-Spec ® probe + ASDi + DART 501 ®

v Blend 0 Unsieved : >0.003% agglomerates

0.02 @-Plend.0.Sieved (s300Um

Blend 1

Blend 3

Blends with
Agglomerates

Blend 4

Very small amount of
agglomerates detected
in a batch scale

Sieved

Unsieved

Unsieved

Unsieved

Unsieved

Targeted
Homogeneous blend

[3
@GlaxoSmithKline

Unsieved




Microalgae production control [ m @

Spot4Line ® solution GREENSEA

* Objectives: »
— Biomass quantification : number of Microalgae cells |

— Microalgae discrimination: contamination detection

* [nstrumentation:
— Spot4line® : in-stream / pipeline configuration
— 3-point SRS with a few wavelengths (UV, VIS, NIR)

e Results:

harvest at this stage
o /s

R?=0.99; Bias = 0.07 ; SEP.=0.52 150

1 [ag or nduction phase 5
2 exponential phase

2 phase of Aeclining relative arowth

4 stationary phase

5 death phase

Absorbance avec narmalisation(SNV)

log of cel numbera
b2

Predicted Number-o6fx 1086 cell /ml

L 1 1
30 400 500 800 700 800 800

age of eulture - : . - P =
Actual Number of cell x108 /ml Longueur d'onde (nm)




Conclusion

* Spatially Resolved Spectroscopy (SRS) :
— Useful for complex products / highly scattering media
— Chemical (absorption) and Physical (scattering) characteristics
— Better sample representativity
— Homogeneity measurement
— In-depth/multi-layer measurements

* Practical implementation: a bridge between NIR and imaging
— Classical VIS-NIR spectrometer with external optical switch

— Multichannel spectrometer
— Hyperspectral imaging sensor

— Custom designed probes adapted to each application




Thank you for your attention!
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