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The integration and use of
vibrational spectroscopy
sensors in Process Analytical
Technology

Dr. Mats Josefson

Pharmaceutical Analytical R&D, AstraZeneca R&D,
MolIndal, Sweden
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Process Analytical Technology
(PAT) toolbox

* Accelerated Dissolution

« Acoustics (e.g. ultrasound)
Flow

« Fluorescence

C
« Imaging (e.g. Process Tomography)
Ms

+ NMR

« Temperature

« UV-Vis spectroscopy

« Vibrational Spectroscopy (NIR, Raman, midIR etc.)

+ Chemometrics
« Design of Experiments
« Multivariate Analysis (PCA, PLS, NN etc.)
+ Multivariate SPC A
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Process Analytical Technology
(PAT) toolbox
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Flow

* Fluorescence
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+ Temperature
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Vibrational Spectroscopy

(NIR, Raman, midIR etc.)

* Chemometrics
« Design of Experiments
« Multivariate Analysis (PCA, PLS, NN etc.)
«  Multivariate SPC A
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Measurements directly in solid
phase

&
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Vibrational spectroscopy

Near Infrared — NIR
« Sensitive to whole solid formulation, fingerprint, quantitative methods
« Implemented today
Infrared — IR
« less sample penetration = less useful for quantitative work on solids
« laboratory, attenuated total reflection (ATR) online in bulk production
« Implemented today
Raman
« More response from active ingredient, less from polymer excipients
« Fingerprint of active and polymorph,
« Quantitative when sampled volume is big enough
« Instrumentation today for laboratory, developing for use in PAT
Teraherz spectroscopy

« New technology, first steps taken .
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Monitoring a coating process using
diffuse reflectance NIR
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Monitoring a coating process

Process calibration:
Process condition:
and different flow

Part of e calibration set (batch 2)

emperature
ed according to

w0
an experimental —— calculated average thickness for the whole batch
—— NIR-estimated thickness for the analyzed sample
£ 60 I — residual for the spectra, can be used for alarm
Calibration model : 1 PLS- P
projection with H 40
X 2nd derivative spectra )
Savitsky Golay filtered, H
15 points wide, quadratic
0
polynomials. ——— 5
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Monitoring a coating process

& H 50 % less pellets, same coating speed

In the test set, one batch
was processed with only
half the amount of start
material.

Film thickness / pm, from NIR
]
=,

Results show that the i
process could have been 0

terminated at an earlier E Process time equivalents

T
stage with maintained 4 larm i
product quality. B sation of the process.
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Design of experiments (DoE) in early
Pharmaceutical Development to support
PAT from lab to full scale

Formulation Analytical
Development Chemistry
Factors Responses
Traditional Multivariate
+ Recipy variations « Functionality - Joint physical and
« Time - Stability chemical
- Temperature byeg. NIR, IR

. L Raman, sound...
-+ Raw-material variation

- etc

Control of development
Enables risk analysis

e )
Supports decisions on PAT methods AstraZenecaKZ
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When and where to apply vibrational
spectroscopy for a new formulation

Gain understanding in early in formulation development in combination
with Design of Experiments (DoE)

Understand scale up phenomena in pilot scale and full scale

Challenge process limits by DoE in combination with vibrational
spectroscopy, way to set realistic limits

Final set of PAT methods include routine vibrational spectroscopy only
where needed as defined in the risk analysis

At problem investigations for enhanced understanding.

« The acquired knowledge should, where appropriate, be applied for
modifications of the PAT methods and the process itself.

\
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Chemometric models
qualitative - quantitative

- Qualitative

« The deviation from a constant set of spectra is measured, this
set has to be updated when new conditions occur
Relatively easy to implement, but not focused on a specific
property

« Indicates all variations in spectra deviating from the library
samples - may give many false positives i.e. the signal goes off
in the absence of a problem, especially for a new product were
we have not yet seen all variations that still are within
specification

« Use limits normalised to e.g. model variability

\
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Chemometric models
qualitative - quantitative

« Quantitative

« Requires a sizable amount of resources to implement, but is
focused on one or several properties

« Less false positives, the signal will go off in the absence of a
problem less often and the reason for a deviation will be easier
to understand

« Use limits for specific property, e.g. content uniformity, film
thickness, etc.

« Quantitative models also give a spectral residual that indicates
the validity of the model for the current spectrum.

\
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Chemometric model
difference based

Rate of variation e.g. Standard Deviation

Spectra for the model do not need to be stored in a library, small
implementation effort

No model transfer between spectrometers
Use limits related to known good process runs as obtained by DoE

Less chemical information is present for direct understanding — may
use stored spectra for complementary analysis when needed

\
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Quality system

« Non-PAT
« "Constant input”
- Stiff quality system
« "Constant product”
« PAT
- Variable input, (same as before, now accounted for)
« Adapting quality system
« Controlled product

\
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Conclusions

Most benefit from vibrational spectroscopy if used from
early development to full scale production

Risk analysis to avoid "over-instrumentation” in full scale
A formulation is a multivariate entity

« Vibrational spectroscopy gives multivariate chemical
information,

« Chemometrics is used to understand, monitor and control
- Design of experiments (DoE) is a corner-stone for

vibrational spectroscopy together with formulation
development

\
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The benefits of PAT at AZ

* Enhanced understanding of processes has lead
to greater robustness and certainty of supply

* The use of PAT to predict end product results
has enabled AZ to identify variability in the
processes and to control them

* The use of PAT has increased the
understanding of the functionality of input and in-
process materials and their impact on
formulation
AstraZeneca(%
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Additional reference, formulation
development using design of experiments

+ Interaction between
process steps

+ Raw materials

+ Information rich testing

Bergman, R. et al." Optimisation of a granulation and tabletting

process by sequential design and multivariate analysis" Chemon.

Intell. Lab. Syst. 1998, 44, 271-286. A
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Making Sense of Multivariate
Data

Tom Fearn

Department of Statistical Science
University College London, UK

Overview

My background

Why multivariate methods?

How do they work?

Some problems and some solutions

My background

e Statistics
¢ Food research
¢ Near infrared spectroscopy




Why multivariate methods?

¢ Because they are more powerful

Spotting an outlier

Why multivariate methods?

¢ To exploit measurement technologies
that produce multivariate data
— Problem: calibration harder

— Opportunity: technologies such as near
infrared are very versatile




NIR spectra of biscuit doughs
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How do the methods work?

o Methods like Principal Components
Analysis (PCA) and PLS work by
constructing new variables from the
original measurements

e These new variables are used to
predict reference values

PC plot for biscuit spectra




Problems and Solutions

e Mathematics e Education

Problems and Solutions
e Mathematics e Education

e Black box e Pictures

Calibration coefficients for fat

1500
wavelength(nm)




Problems and Solutions

e Mathematics e Education
e Black box e Pictures
e Misuse ¢ Validation

Validation of fat calibration

Raforance fat (%}

Conclusion

¢ Don't be put off by the maths
o These methods work

o Multivariate analysis does not have to
be a black box




Acoustic Emission for Process
Control

Ron Belchamber

S
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‘At times filled the air with the sounds of all
types of musical instruments and also of drums
and the clash of arms.’

Marco Polo, 1295




Why use acoustic emission?

* Rich in unique process information
* Real time measurement

* Non-invasive

» Non-destructive

* Intrinsically safe

* Applicable to a wide range of processes

Detection of high frequency sound

<« Protective case

«—— Electronics
«— Cable

Piezoelectric plate

«€— Coupling agent

High frequency @ High frequency sound
contact sensor| AN emitted from process




System configuration

IS unit Coaxial cable

* S A
T

Preamplifier

PC f Sensor

Signal conditioning unit

Safe area Hazardous area

Copyright ® Process Analysis and Automation 2001, 2002

The GranuMet XP™ system

Measurable process characteristics

* Powder properties
- particle size
- hardness
- dryness

* Flow index, flow regime
* Fluid bed viscosity

* Reaction progression




Petrochemicals - polyethylene production

Application to fluid beds

« Detect top of bed

« Detect agglomeration

« Detect stagnant areas

* Monitor hydrodynamics

« Detect end points

« Monitor changes in particles

Polyethylene agglomeration

60°C




Agglomeration incident

High shear granulation monitoring

A typical high shear granulation process

Wet massing
Dry mixing

Liquid addition

(wet

Machine off
-

~ Machine off




Extracting the information

rich in information

simple rms to dc conversion - cyclones

signal processing (Fourier transform) to frequency
domain

multivariate methods - SIMCA, PLS

SIMCA pattern recognition
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SIMCA pattern recognition




SIMCA pattern recognition

SIMCA pattern recognition

SIMCA

+ approach to model - end point
+ deviation from a model - upset detection
+ two models - process state




High-shear granulation end point

CharmCIT.ASS SIMcAPREDICT - Category Distance Plat TEST
B bme Eri oh Mumber of factors 3
<~

Sample Label 20-5EP-2000 11:34:54

Copyright ® Process Analysis and Automation 2001, 2002

Fluid bed drying end point

CharmCI . ASS siMcaPREDICT - Category Distance Plot TEST
5D to category Category 2 v Mumber of factors 3
=4 e

65.0
60.0- =
56.0- -
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Sample Label 20-5EP-2000 11:32:13
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Wourster column agglomeration




SIMCA modelling Wurster
column
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Acoustic emission - hardware

Transducers Preamplifiers
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DSP
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Intrinsic safety unit
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Acoustic emission - validation

Copyright ® Process Analysis and Automation 2001, 2002




Acoustic emission - validation

O
O

Apply signal

Copyright ® Process Analysis and Automation 2001, 2002

Acoustic emission - validation

O
O

Apply signal  Recover signal

Copyright @ Process Analysis and Automation 2001, 2002

Acoustic emission - validation

O
O

Recover signal  Apply signal

Copyright ® Process Analysis and Automation 2001, 2002
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Summary

* Rich in unique process information
* Real time measurement

* Non-invasive

» Non-destructive

* Intrinsically safe

* Applicable to a wide range of processes
*High-shear granulation
«Fluid bed granulation/drying

«Fluid bed condition monitoring

Process Analysis and Automation Ltd
Fernhill Road
Farnborough

Hampshire
GU14 9RX, UK

www.paa.co.uk
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