
APPLICATION NOTE

Residence time distribution in the feed frame of a 
tablet press for different process parameters using 
Raman spectroscopy
The HyperFlux™ PRO Plus Raman spectroscopy system was used to monitor and evaluate the effect on the 
residence time distribution of manufacturing parameters such as throughput, chute height, and feed frame paddle speed. 

INTRODUCTION AND GOALS
Residence time distribution (RTD) has become an essential parameter to characterize pharmaceutical 
manufacturing equipment in continuous manufacturing. This technology has been implemented in several 
production lines worldwide, as it allows characterization under potential process parameter perturbations to 
obtain a predictive control strategy. In this work, a Raman probe was integrated to detect low amounts of a tracer, 
changing many physical parameters such as the throughput, feed frame paddles speed, and the height of the 
powder bed in the chute connecting the blender with the tablet press. The goal of this work was to determine if a 
low level of the tracer material (1.5% w/w) is detectable under different manufacturing conditions. Utilizing 
Tornado Spectral System’s HyperFlux™ PRO Plus with their High Throughput Virtual Slit (HTVS™) technology 
yielded low signal-to-noise ratios and excellent performance predicting blend compositions as low as 1.5% w/w 
in the feed frame. These results indicate the robustness of the Tornado Raman system executing an extensive 
evaluation of a continuous manufacturing line sustaining the performance during ten days of data acquisition. The 
work shown in this note demonstrates the value added by the specificity of Raman technology. It also 
demonstrates, in particular, the sensitivity of the Tornado technology in validating the continuous blending and 
mixing processes for low dosage formulations.

EXPERIMENTAL PARAMETERS
Three variables in continuous manufacturing were used to evaluate the impact on the RTD in a system configured 
with a continuous blender and a tablet press. The throughput and the feed-frame paddle speeds were varied 
using 20, 30, and 40 kg/h and RPM, respectively. The chute height levels were varied using 120, 130, and 
140 cm.

The Raman spectra of the individual ingredients are shown in Figure 1. The tracer used for this study was 
Metformin, shown in red. There are obvious spectral differences observed in the tracer material when compared 
to the excipients. Four different blends were studied, the compositions for which are highlighted in Table 1. 

Figure 1: Raw Spectra of Excipients and Tracer
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Table 1: Calibration Blend Compositions

A Raman probe with an immersion optic was mounted in the inspection window of the feed frame for blend 
uniformity measurements. The predicted tracer levels by the Raman measurements are shown in Figure 2. The 
figure shows that the levels were randomly distributed over 27 runs during the spectral acquisition of the four 
calibration blends containing the varied composition. The parameters for Raman acquisition employed 100 ms 
exposure times and 5 averaged scans for a total spectral acquisition time of 500 ms. This ensured that the process 
information was frequent and representative of the real-time composition of the blends at the point of measurement. 
PLS calibration models were constructed using a 1st derivative pre-treatment in the spectral range of 380-980 cm-1 
with three latent variables. 

RESULTS
The continuous manufacturing scheme was 
operated under each condition evaluated, and the 
data acquisition commenced once each parameter 
became stable. The tracer (100g) was introduced 
into the continuous blender to determine the 
residence time using the predicted values of tracer 
concentration vs. time. The complete predictions for 
tracer concentrations are graphed in Figure 2. The y 
axis represents predicted levels of Metformin for the 
concentrations added (0%, 3%, 6%, and 9% w/w). 
The legend on the right depicts the day and run from 
which the data was derived. The physical 
parameters and blend ratios were changed at each 
run, giving evidence that the tracer material was 
accurately and precisely predicted regardless of the 
manufacturing conditions. 

CONCLUSIONS

Figure 2: Predicted Tracer Concentrations Over 
All Manufacturing Conditions 

Residence time distribution experiments were performed in a continuous system evaluating different process 
parameters. Experiments performed over two weeks demonstrated that the HyperFlux™ PRO Plus exhibited 
the necessary sensitivity, yielding the diagnostic response for small concentration changes that resulted from 
the introduction of a Metformin tracer. This response was exhibited regardless of manufacturing conditions. 
The tracer signal could be distinguished for the parameters evaluated despite the low concentration. The 
HyperFlux™ PRO Plus Raman system demonstrated a consistent response during the extensive process 
parameters evaluation which is necessary for validation of the manufacturing protocols. 
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