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Process Analytical Technology 

ÁAnalytical in the context of PAT includes much more than 

measuring, it is all about an overall process 

understanding!  

Process Control 
 

Knowledge based process 

understanding ï developement of a 

Design Space (DS) 

Data Analysis and 

Management 
 

Design of Experiment (DoE) and 

Multivariate Data Analysis (MVDA) 

Measurement of Critical 

Attributes/Parameters 
 

Process analysers for in-line non-

invasive quality monitoring 
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FT-NIR/MIR 
PerkinElmer 

Spectrum 400 

Raman  
PerkinElmer 

RamanStation 400 

FT-IR  
Bruker VERTEX  

React IR  
ASI ReactIR 1000 

SWAXS  
Hecus S3-Micro 

HPLC  
HP-Agilent 1090 

GC  
PerkinElmer 
Clarus500 

Rheometer  
Anton Paar Physica 

MCR 300 

Microscope 
Leica DM4000 

DFC290 camera  

PIV camera 
 MotionScope M3 

DTA 
Lyotherm  

 

DSC 
Shimadzu DSC-50 

Freeman FT4 
Powder rheometer 

Helos Sympatec 
Laser diffraction  

size analysis 

QicPic Sympatec 
Size and shape  
image analysis   

EVK Helios 
NIR Imaging 

 
 

Zetasizer 
Malvern 
NanoZS 

Krüss Easydrop 
Contact angle 
measurement 

Friability Testing 
Copley 
AS 400 

Kern MLS_N 
Moisture analyzer 

 

RCPE Analytics (selection) 

NIR SentroPAT FO 
Sentronic, Probes: 
DR LS 300, Dynisco 
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RCPE PAT Software (selection) 

ÁDevelopment of a process Design Space (DS) based on Design of 

Experiments (DoE) and multivariate data analysis (MVDA) 

High product quality 
Data Management 

Process 

Control / 

Documentation 

Realtime 

Process 

Monitoring 

Low product quality 

PSD, Particle 

shape, 

viscosity, etc. 

Model building / 

Calibration, 

e.g., spectral 

data, etc. 

Off-line 

In-line 

MATLAB 
SIPAT 
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Process Analysis 
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Process Analysis Equipment 

QicPic Sympatec 
Size and shape  
image analysis   

Raman  
PerkinElmer 

RamanStation 400 

Raw material 

characterisation 

O
ff
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e
 A

n
a
ly

s
is

 NIR   
Sentronic    

SentroPAT FO 

In-line monitoring of critical to quality 

parameters at critical positions 

Kern MLS_N 
Moisture analyzer 

 

Microscope 
Leica DM4000 

DFC290 camera  
(Source: www.gericke.net) 

Exemplarily 

PAT-tool: NIR HELIOS 
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Particle size [µm] 

Materials Characterization 

Name: Acetyl salecylic acid 

Form: needles 

Colour: white 

Formula: C9H8O4 

Density: 1.35 g/ml 

Name: Lactose 

Form: crystals 

Colour: colourless 

Formula: C12H22O11 

Density: 1.525 g/ml 

Á Off-line determination of particle size distribution (PSD) via laser diffraction 

(Sympatec Helos) or image analysis (Sympatec QicPic) 

Properties of LM: Properties of ASA: 

d50 = 184 µm d50 = 409 µm 

Particle size [µm] 

Q
3
 D

is
tr

ib
u

ti
o

n
 [

%
] 

Q
3
 D

is
tr

ib
u

ti
o

n
 [

%
] 

May 2011 
RCPE - Process Analytical Technology (PAT) 

7 



- Page 

Moisture Content Analysis with MRT 

Microwave Resonance Technology (MRT) 

Energy loss and changes in propagation speed due to water molecules. 

0 2 4 6 8 10 12 14 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

Principle: 

0 

0,5 

1 

1,5 

2 

2,5 

3 

1 3 5 7 9 11 13 15 

In cooperation with 

M
o

is
tu

re
 C

o
n

te
n

t 
(a

rb
.U

.)
 

Sample number 

M
o

is
tu

re
 C

o
n

te
n

t 
(%

) 

Sample number 

dry 

wet 

dry wet 

Results for dry and moistened samples: 

MRT: LOD: 

MRT allows significant discrimination between dry and wet samples 

Kern MLS_N 
Moisture analyzer 
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SWAXS 

ÁSmall/Wide Angle X-Ray Scattering ï HECUS S3-Micro 
ÁCrystallinity 

ÁPolymorphism 

Á Internal surface  
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Systematic Characterization 

Á Design of Experiments (DoE) (MODDE MKS) 
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N=19         R2=0,774     RSD=0,8343   

DF=13        Q2=0,374     Conf. lev.=0,95

Experimental Design: Simplex 

Mixture Design for three powder 

components 

Response 

Surfaces: 

Parameters can be 

modelled and 

enables predictions 

Measurement: Pure powders and powder mixtures 

according to the DoE are characterized 

Response testing and Modelling: Measurement 

parameter can be modelled based using Partial 

Least Squares Regression (PLS)  
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Linear 

Terms Quadratic 

Terms 

Interaction 

Terms 

Selection of 

significant 

terms 

Critical Quality 

Attribute? 
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Systematic Approach 

 
 

Á Systematic characterization of raw materials, processes and the 

corresponding product quality 

Á Design of Experiments (DoE) (Umetrics MKS MODDE) 

Á Systematic parameter variation to develope a Design Space (DS) 

Á Estimation of the impact of external influences 

 

< Vis. 

> time 

< time 

> PSD 

> Vis. 

< PSD 

3 x ok 

Out of specification 

In specification 

Out of specification 

Experimental Design Reproducibility Process Understanding 
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Experimental Setup 
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Á Continuous powder mixing process 

Á PAT strategy: Near infrared (NIR) in-

line monitoring 

Á Control strategy: Principle 

Component Analysis (PCA) 

Homogeneous gravimetric feeding: 
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NIR Hyper Spectral Imaging 

Á Near-Infrared Imaging ï Hyper Spectral Imaging (HSI) based on Pushbroom 

technology (HELIOS from EVK GmbH) 

Á 240 NIR spectra are measured simultaneously at a sample rate of up to 300 Hz, 

depending on the ratio between excitation intensity and integration time  

Á Fast MVDA based real-time monitoring with Field Programmable Gate Array 

(FPGA) 

 

 

Hyper Spectral Imaging System HELIOS (EVK GmbH) 

A
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Spectral line scan 

Line scans from moving 

samples on band-conveyor 
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Powder Blend Quality 

Á Quantitative analysis of blend quality based on Partial Least Squares Regression 

(PLS) with Matlab® (Mathworks) and spectral variation monitoring 

Á Powder blend of ASA and LM at different mixing times t=0 and t=16min (Turbula mixer) 

Mixing time t=0 (i.e., unmixed): Mixing time t=16min  (i.e., mixed): 

Mean: 20.45% 

Min/Max: 4.24%/31.69% 

Mean: 26.99% 

Min/Max: 2.09%/40.07% 
Mean: 3.16% 

Min/Max: 1.60%/6.12% 

Mean: 3.66% 

Min/Max: 2.56%/5.37% 
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Continuous 

Feeding 
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Feeding Experiment 

ASA 

MCC 

LM 

Á The same amount of ASA, MCC and LM have been stacked upon 

each other and feeded with a spiral. 

Filling of the feeder: ñChemical Imageñ: 

Á PLS predictions are converted into colours related to the substances.  

Á The regular pulsations are due to the feeder. 
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Histograms for the predicted amount of each component: 
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Predictions for the Components 

PLS estimations for every component: 

 

Á Broad distributions indicate inhomogeneities in the feeded powder. 
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Predictions for Feeding of Premix 

PLS estimations for every component of premix: 

 

Histograms for the predicted amount of each component: 
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Á Narrow distributions indicate a homogeneous powder blend. 
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Industrial Manufacturing: 

Tablet Press 
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PAT Application ï Tablet Press 

ÁNIR reflectance probe attached to the filling shoe of a 

tablet press 
 

 

 

 

 

 

PAT Equipment: 

ÁNIR Spectrometer - SentroPAT FO  

ÁProbe - SentroProbe DR LS 60 

ÁMeasurement time for a single 

spectrum: 2 sec. 

 
 

Goal: 

ÁMonitoring of concentration 

variations or segregation during 

manufacturing 

Probe - SentroProbe 
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Prozess Data 

Á Process is stable over several hours with deviations at the begining and 

end of manufacturing 

Á Illustration shows spectra at the end compared to raw material spectra 

API Excipient 
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PCA Analyse 

Á Principle Component Analysis (PCA) shows clear differences 

Á Definition of Limits in PCA (regions PCA Plot) for discrimination between  

inspec and out of spec 

 

Á Color codes groupings 

indicate automated 

reference cycles of the 

spectrometer after every 

30 min 

 

Á Deviations approx. 30 sec 

bevor end of the process 

Deviation 

S
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 t
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] 
 

Scores t[1]  

Deviation 
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PCA Scores over time 
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Á Principle Component Analysis (PCA) ï Illustration of the second 

principle component over process time 

Á Definition of Limits given by the standard deviations (+/-2SD, +/-3SD) 

 
Á Limits to determine if 

deviations lead to inspec or 

out of spec has to be proven 

via reference sample 

Time [s] 
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End of process shows 

critical behaviour 
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Industrial Manufacturing: 

Fluidized Bed Granulation 
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PAT Application ï Fluidized Bed 

Granulation 

Sampling Port 

SentroProbe 

ÁNIR reflectance probe was introduced at the existing 

sampling port of fluidized bed granulator. 

PAT Equipment: 

ÁNIR Spectrometer - SentroPAT FO  

ÁProbe - SentroProbe DR LS 300 

ÁDepth of immersion: approx. 10cm 

ÁMeasurement time for a single 

spectrum: 2 sec. 

 
 

Goal: 

ÁProcess monitoring for end 

point determination 
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Process NIR Spectra 

Known water absorption band 

wet   / start 

dry / end 

Á Comparison of NIR spectra from different stages of the process to 

select the optimal modeling strategy. 

Á The end of the process is clearly visible from the spectra. 
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PCA Analysis 

1st Granulation 

2nd Granulation 

S
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Scores t[1]  

Dry Granules? 

Á Principle Component Analysis (PCA) allows to separate the different 

stages of the process 

Á After a certain time only minor variations are visible Ą End point? 
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