
 

 

	  
	  

NIR	  in	  continuous	  manufacture	  of	  tablet	  products	  
The	  importance	  of	  probe	  interfaces 

 
 
Background 
This paper will describe some of the efforts the Pharmaceutical the industry in general, 
are putting into the concepts of continuous manufacturing, married together with 
integrated analytics and advanced control systems. The combined technologies enable 
flexibility and rapid response to demand, and thus low inventory supply streams. The 
manufacturing plants occupy a small footprint, can be rapidly redeployed to markets 
anywhere in the world or withdrawn as needed. The capital items deployed are also 
portable, which allows for recovery of the capital expenditure by movement of the 
portable factory, to a new location as needed to fit demand, or product portfolio. 
 
Integration of PAT’s into a continuous manufacturing framework is an essential part of 
the control system, that ensures reliability of manufacturing and predictability of supply. 
Integrated measurements ensure quality of the product, but also enables fast release, thus 
lowering of inventory.  
 
NIR spectroscopy, particularly in diffuse reflectance mode using fiber optic probes is the 
PAT of choice for many of the critical measurements applied to continuous 
manufacturing. The ability to analyze moving powders streams, using fast diode array 
spectrometers is of fundamental importance. These fast instruments, coupled with well-
engineered interfaces to control the presentation of the sample to the spectrometer, 
provide high quality measurements, in real-time to be used determine process conformity 
and product quality in a dynamic environment.   
 
Where to measure? 
Although in the case to point the process is continuous, none the less, the usual unit 
operations are taking place, just sequentially: mixing, granulation, drying, milling, 
lubrication and compression. See figure 1. Those may be followed by coating using a 
semi continuous system as required.  
 
The PATs developed for this process train were designed to be sited after each of the 
above unit operations, to confirm each stage is completed correctly before the material is 
allowed to proceed to the next unit operation. In all 7 PAT’s were developed, 4 of which 
were NIR measurements. The 4 NIR measurements PAT1, PAT2, PAT3 and PAT5 will 
be described below. These measurements are performed simultaneously, and are 
connected by a control platform, that utilizes models to integrate spectroscopic PAT’s 
with all other measurements, such as the response from load cells.. 



 

 
 
How to obtain optimum data that can be used to control a dynamic processing 
stream 
For each of the NIR probes inserted into the process equipment, and interface was 
developed to ensure the optimum environment for the probe, in relation to the data that 
was required. The data required for mixing, as opposed to drying were different. The 
most challenging measurement was on the final compression step, where the 
measurement forms part of the release strategy. 
The developed interfaces had two fundamental tasks, to ensure fresh sample is in front of 
the windows every time a measurement was taken, and to ensure that the physical 
properties of the sample material was as far as possible optimum for the fiber optic probe, 
and its mode of data acquisition. The optimum environment is largely governed by the 
required material characteristics for successful diffuse reflection spectroscopy. 
 
The fundamentals of diffuse reflectance spectroscopy 
Diffuse reflectance spectroscopy is the process of light of the correct wavelength range 
and intensity entering a sample and being partially absorbed, and partially reflected from 
the inside of the powder. See figure 2. Interferences like specular reflectance, scattering, 
where light just bounces off the particles add noise to the spectra and must be minimized.  
For diffuse reflectance process to work, the energy reflected must have been selectively 
depleted by the functional groups of the molecules in the powdered material, but enough 
energy must return from inside the sample to be accurately recorded by the spectrometer 
detectors. This means a minimum thickness of material at the correct powder density 
must be in front of a probe window to enable the diffuse reflectance process. Also of 
critical importance, the powder material must be stationary for long enough to ensure the 
sampling mass that contributes to the measurement to be of known mass and 
reproducible. In pharmaceuticals we talk about a unit dose weight or the mass of a tablet 
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contributing to the spectrum collected as a data point. This is further discussed in the 
section on PAT5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PAT 1 post primary mixing. 
In the Pfizer system, 3-5 loss in weight feeders dispense material into a double cone 
mixer. See figure 3 below. Each feeder is dispensing at a different rate, determined by the 
desired concentration of that ingredient in the formulation. The double chamber high 
intensity mixer conditions the materials and mixes them thoroughly. 
 
The outlet of the mixer passes through a “spider wheel” interface shown in figure 4. 
The fingers of the spider wheel ensure powder in the correct physical condition for 
acquisition of diffuse reflectance spectra, while also flushing the sample at the window. 
The contribution of the fingers can be removed by lining the back of the fingers exposed 
to the probe window with white PTFE diffuse reflector. Effectively the same material 
used for taking a reference spectrum for the spectrometer during calibration. Figure 5 
below shows the response to an immediate change in API concentration delivered to the 
spider wheel. This was achieved by running only the excipient feeders to produce a 
placebo blend, then injecting a shot of API by activating the API feeder for just a few 
seconds. The concentration of API goes from 0 to 5.5% rapidly, then decreases slowly, 
once the API feeder is stopped. The API concentration in the mass of material (400g) in 
the mixer decreases and the NIR allows measurement of a distribution in residence time 
of the mixer. The fast and accurate response of the NIR probe is excellent. The 
knowledge gained is immediate and very powerful in understanding the characteristics of 
the mixer. 
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PAT 2. Post twin screw granulation 
The key parameter to be measured is the distribution of water in the granules, is the pump 
and screws injecting and distributing the water evenly during the transition through the 
granulator? 
 
A similar interface to PAT 1 was made, but the spider wheel was engineered into the 
equipment. Granules exiting the twin screws are projecting onto the spider wheel. See 
figure 5. Figure 6 is a time plot of the water content as the pump increases the target 
concentration for water from 15% to 18%.  The jagged oscillation of the line provides 
information on the spread in water contents within the granules around the target 
concentration. The probe and fast scanning spectrometer are capable of detecting the 
mico structure of the granules and mico distribution of water within the granules. 
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PAT 3 Post drying and milling of granules 
The purpose of PAT 3 was to check that the granules were dry, as the drying is performed 
in a 6 chamber segmented dryer, which is actually a semi-continuous process, where 
granules are discharged intermittently, as small batches into a cone mill. The material 
coming from the mill is in the form of a cloud, so a device was fashioned to collect the 
granules in the cloud in a “flipping spoon” and thus to form a large enough mass of 
material that enabled the NIR probe to collect good quality spectra. The device is shown 
below in figures 7 and 8, with a spectra plot in figure 9 illustrating the random spectral 
off-set without a spoon, and figure 10, that shows how the spectral response stabilizes, as 
the collection spoon fills. The data was collected only when the spoon was filled, 
providing an optimum medium for the probe to perform diffuse reflection measurements, 
and provide accurate water measurents of dried material. 
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PAT 5 Tablet Press Feedframe final check of blend potency and dose uniformity 
This measurement point was particularly important, in that it was part of the release 
strategy for the tablet product. A probe was inserted directly into the feedframe of the 
tablet press as illustrated in figure 11. The window of the probe was sited 2mm above the 
fingers of the spider wheel, that push blend into the dyes of the tablet press. Notches 
2mm deep were cut into the fingers of the spider wheel, and blend flowed through the 
notches as the wheel rotated, as shown in figure 12.  The use of notches removed noise in 
the data from the metal fingers acting like  mirrors as they passed under the probe, which 
will add a large spike in the baseline due to specular reflectance, adding to the diffuse 
reflectance radiation.  
The feedframe represents a perfect natural interface for a probe. The powder is dilated, at 
a constant density and moving at a speed that matches the scanning speed of a fast diode 
array spectrometer, and thus sampling can be well defined and controlled. 
 
A crucial factor in using a NIR probe to release a product, is the sampling of the probe in 
terms of mass of material that contributes to a “spectrum” that is used to determine the 
quality of a tablet, relative to the unit dose weight of the tablet. Some experiments were 
performed to measure the amount of material that contributes to a spectrum, collected 
using the Sentronics SentroPat system.  Figure 13 shows the optical arrangement of a 
fiber optic probe. The area illuminated and the depth of penetration at 1660nm and the 
density of the dilated blend were determined. The mass of blend that contributes to a scan 
is approximately 3-5 milligrams depending on the formulation. The tablet weight is 
usually 100-200mg. So in this case to examine the equivalent weight of one 
tablet,150mg,  50 sequential scans of 3mg were taken as the blend moves past the probe, 
and those 50 scans integrated to form a “spectrum”. Each individual scan by the 
spectrometer takes just 20 milli seconds, and the blend is being moved fast enough by the 
spider wheel rotating at 25rpm, to ensure a different aliquot of blend is in front of the 
window when each scan is taken. In fact data acquisition is complete in 1 second, a 
quarter rotation of the spider wheel. The track of the scanning is shown in figure 12. 

 Fig 10 Sequential spectra collected with spoon Fig 9. Sequential spectra collected without the spoon 



 

 
The way multiple scans of the  probe, together with the spider wheel moving the sample 
under the probe effectively acquires a representative spectrum of a tablet weight is 
illustrated in figure 14. The 50  x 3mg aliquots passing under the probe in about 1 sec, 
when the scan rate of the spectrometer is 20 milli seconds. Integration of the 50 responses 
provides a tablet weight sample. 
 
 
 
 
 

 
 
 
 
Figure 15 shows a plot of the NIR absorbance at a single wavelength at the center of an 
amine group absorption in the spectrum of the active pharmaceutical ingredient. The 
throughput of the manufacturing module has been increased from 5 to 30Kg/hr as 
represented by black and then blue solid line. The concentration of active ingredient was 
increased, and then decreased again across the probable working range for this 
formulation. The red crosses in the plot represent the HPLC analysis of tablet cores 
extracted from the press at the same time point as the NIR data collection. As can be seen 
in the plot, the NIR is providing a potency measurement for the concentration of active 
every 4 seconds, and the values match the off-line HPLC values. 
 
 
 
 

Figure 11 Figure 12 



 

 
 
 

 
 
 
 
 
Figure 14 shows a time plot for the continuous process. Tablets are being produced by the 
press and the red crosses represent a tablet core that has been sampled and analyzed by 
HPLC. The solid lines plot the response obtained from the NIR probe inserted into the 
feedframe. The system was run at two throughput levels, 5Kg/h (black line) and 
30Kg/h(blue line).  The ability of the NIR probe to produce equivalent data to off line 
analysis of cores is profound. The NIR is generating a real time tablet potency once every 
second. 
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Low flow rate options for flowing powders 
The output of feeders or other low flow rate (0.5 – 5Kg/hr) situations require a more 
delicate interface and system to measure the composition of powder blends. The SETI 
probe holder uses the Sentronic side illumination system, to capture the spectra of powder 
after it builds up on horizontal window of the probe. The “snow plough” scraper built 
into the holder cleans the probe window between spectral acquisitions. See figures 16. 
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Particle size measurents and good interfaces 
An FBRM probe was inserted in the process at the same point as PAT 3, which measures 
granule moisture. The FBRM probe is only used during development, to provide particle 
size data on the milled granules. The FBRM probe can be used to “calibrate” the PAT3 
NIR, so that particle size data can then be generated by the NIR.  The FBRM does require 
an interface to optimize the probes performance. The device is a simple spinning disc as 
shown in figures 17 and 18. 
 

 
 
 
Conclusions 
 
NIR measurements are very capable of providing compositional and textural analysis, at 
the required sensitivity, precision and accuracy needed to control this continuous process 
producing a tablet product. 
The use of a fast scanning diode array spectrometer enables analysis of moving powder 
streams, providing good data at a rate of one measurement every 1- 4 seconds. 
 
A significant factor in the successful application of NIR spectroscopy to this continuous 
manufacturing stream is the good engineering of probe interfaces. The interfaces provide 
an environment in which the probes perform optimally in their task to collect high quality 
spectra, with low noise, such that the desired information can be reliably extracted from 
the spectra. They also ensure to old sample is transported away from the probe window, 
and fresh sample put in place for the next measurement. 
 
The same good sampling philosophy is applied to FBRM probes, where sample is 
directed at the window in an optimum way for the device to provide the best 
measurement data. 
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For more information or to discuss your specific 
PAT needs please contact us at info@expopharma.ie 
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