
Abstract – In-line terahertz sensing has been demonstrated to 
measure the coating thickness of individual pharmaceutical tablets 
during coating operation. As coating uniformity is highly 
dependent on tablet mixing, this study presents our research 
progress to date on using in-line terahertz sensing to investigate 
the effects of baffle design, drum rotational speed and batch size, 
on tablet mixing inside a laboratory-sized perforated pan coater.  

I. INTRODUCTION 

Pharmaceutical film coating can serve the purpose of 
prolonging shelf life of the active ingredient or improving the 
aesthetics of the dosage forms. It can also serve a functional 
purpose by controlling the drug release kinetics, thereby 
determining the therapeutic efficacy of the dosage forms. 
Producing these products with a high level of uniformity on a 
production scale, however, is challenging due to the inherent 
process complexities such as thermodynamics drying, spray 
atomisation and tablet mixing [1]. To better understand tablet 
mixing, early experimental studies have used a variety of 
techniques such as intermittent off-line weight gain analysis [2], 
colorimetry [3] and temperature difference [4]. Sensing using 
the terahertz radiation is fast gaining popularity [5-9]. In 
particular, in-line terahertz sensing has shown tremendous 
potential for pharmaceutical coating investigations [10-12]. In 
addition to being able to resolve the coating thicknesses of the 
pharmaceutical tablets at in-line setting, here we demonstrate 
how it can also be potentially used to study tablet mixing 
process by monitoring the sign of the acquired terahertz 
reflections.   

II. METHODOLOGY 

A 1.2 litre laboratory-sized perforated coating pan has been 
realised as shown in Figure 1 (a) and is used to perform tablet 
mixing trials. To closely mimic a commercial tablet mixing 
process, the coating pan is additionally fitted with tubular (trip 
bars) or ploughshare baffles, where the baffle design influences 
tablet mixing. In a manner similar to that described in [10], the 
coating pan is coupled to the TPI Imaga 2000 (TeraView Ltd, 
Cambridge, UK). Mixing trials of coated tablets are performed 
with bi-convex shaped tablets (caffeine cores) coated with 
Kollicoat IR Carmine and Kollicoat Smartseal (BASF, 
Ludwigshafen, Germany). The reason for the choice of the 
coating materials is that these coating materials have different 
refractive indices and colour thus resulting in different signs of 
terahertz reflection from the coating core interface. This in turn 
provides the possibility of distinguishing two kinds of tablet and 
evaluating the mixing efficiency for the TPI. The deconvolved 
off-line terahertz waveforms of these two types of tablets are 
shown in Figure 1 (b). 

Based on a previously published analysis algorithm [13], 
we further develop it to classify two types of tablets by 

detecting the signs of the reflection resulting from the coating-
core interface, where it is anticipated that under a homogenous 
mixing scenario, it would result in an approximately 50-50 
positive and negative detection ratio.   

 
 

 
Fig. 1. (a) A photo of the laboratory scale pan coating pan fitted with tubular 
baffles (top) and ploughshare baffle (bottom). (b) Terahertz waveforms of two 
types of tablets with negative (top) and positive peaks (bottom) . 

 
To test the data analysis algorithm for peak detection, we 

conducted three simple mixing trials: 1) an empty rotating 
coating pan without any tablets loaded; 2) only Carmine loaded 
and 3) only Smartseal tablets loaded. The entire process was 
measured using an in-line terahertz sensor with the TPI 
operating at 30 Hz acquisition rate. In these mixing trials, the 
coating pan was fitted with tubular baffles spaced out at 120° 
apart. In order to compare against earlier work [14, 15], 
approximately 230 coated bi-convex shaped Kollicoat IR 
Carmine and Smartseal tablets were mixed and measured 
directly inside the coating pan rotating at 15 rpm. Measurement 
time was limited to a total of 10 minutes in order to reduce the 
amount of attrition to the dosage forms. We compare our 
experimental results with simulation results obtained 
numerically using the discrete element method (DEM) 
combined with a ray-tracing technique [15] due to a close 
similarity in the experiment conditions. 

III. RESULTS 

Using the modified analysis algorithm, this resulted in a 
detection rate as summarised in Table 1. The results of the 
Smartseal trial are not included here as offline terahertz 
waveforms revealed that coatings applied in this particular 
batch were too thin to be accurately resolved by the TPI. Figure 
2 shows two examples of deconvolved off-line terahertz 
waveforms where, unlike Fig. 1(b), no positive coating-core 
reflection can be observed.  
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Fig. 2. Two offline terahertz waveforms from the Smartseal tablets batch used 
for inline mixing  

For the other measurements, however, results are in 
agreement as what is expected. For example, in the absence of 
coated tablets, the total number of hits is 13, significantly less 
than the Carmine trial and DEM simulation (see Figure 3). The 
reason why this number is not zero is due to the uncertainty 
involved in setting the magnitude of the thresholds for the peak 
detection of the coating reflection. For the same reason the 
detection accuracy is ≈ 90% for the measurement with only 
Carmine tablets. This is a fundamental limitation of the 
measurement and analysis algorithm. The total hit rates for the 
Carmine trial and simulation for the majority of the 
measurement time is approximately the same as what DEM 
predicted [15]. It is interesting to note that at the beginning of 
the mixing process the hit rate is 14% greater than the DEM 
prediction. This is possibly due to the use of smaller tablets in 
the experiments which results in slightly different different 
mixing dynamics. The resulting coating thickness distribution 
of the Carmine trial is shown in Figure 4 using an estimated 
refractive index of 1.86 from offline tablet TPI measurements 
(Figure 1 (b)). A description of the refractive index 
determination can be found in [12]. The resultant inter and 
intra-coating thickness distribution centers around 40-50 μm.  

 

Fig. 3. Comparison of hit rates for no-load and Carmine tablets trials  

 

Fig. 4. Coating thickness distribution of in-line terahertz measurements for 
Carmine trial. 

IV. SUMMARY 

We have successfully improved a previously published 
analysis algorithm to classify tablets on the basis of the strength 
of the coating-core reflections in order to detect the coating 
type. However due to the fact that Smartseal tablets in this 
particular batch did not have any resolvable positive peaks, we 
did not perform mixing trials. Future work aims to overcome 
this and apply the modified algorithm to study tablet mixing 
dynamics.     
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