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Summary  

 
The aim of the present work is to identify and understand the complex relationship between powder properties 
and the capsule filling performance of a dosator nozzle machine. Twelve different powders, mainly inhalation 
carriers and selected APIs, were characterized and filled into size 3 capsules following a screening DoE for 
different process parameters. Subsequent multivariate statistical analysis was used to identify the influence of 
various powder properties and process parameters on the capsule net weight and weight variability. There was a 
clear correlation between the dosator filling performance the dosator diameter, dosing chamber, powder layer and 
the powder densities. Moreover, wall friction angle and basic flowability energy are also significant parameters. 
The results were used to develop a predictive model for the process and furthermore a design space for the 
different nozzles and powders.  
The results of the work will translate into guidelines for improving the current design of capsule filling equipment, 
for particle engineering and ultimately will allow the manufacturing of inhalation products with desired quality 
attributes. This study is the first scientific qualification of dosator nozzles for low fill weight (5-45 mg) capsule 
filling. 
 

Introduction 

Capsule filling using dosator nozzles (DN) has been widely investigated (1-2) and it is one of the main 
technologies used by pharmaceutical industry today. Nozzles come in sizes that match the diameter of capsules 
(from 00 to 5) and deliver a specific volume of powder into capsules. However, the amount of powder that the 
smallest nozzle (size 5) can handle is in the range of 40 mg-80 mg (depending on the density of the powder 
formulation). Some new and prospective pharmaceutical products require the handling of even smaller powder 
quantities: 5mg-20mg. A straightforward solution is to extend the use of dosator nozzles (by reducing the 
diameter of nozzles) and take advantage of the features already available for this technology: large output, highly 
automated, check weight for quality control of every single capsule. However, this requires understanding the 
design space for nozzles of smaller diameter and to revisit the effects of process parameters and powder 
properties on the quality of filled capsules. It is expected that miniaturizing the nozzles will affect the process 
performance and product quality. The successful and accurate dosing of low powder masses is challenging due 
to the limitations of volumetric dosing technologies, which rely on good flowing powders (3). 
The current study uses Design of Experiments (DoE) as part of Quality by Design (QbD) approach to understand 
and correlate the effect of process parameters of a low dose dosator nozzle capsule filling machine (Labby, MG2) 
and material attributes on fill weight and weight variability of capsules with low fill content. This study is focused 
on low fill weight (5mg-45mg). In order to fill these amounts of powder nozzles with smaller diameters than the 
traditional nozzles (sizes 0 to 5) are required. 
The comprehensive characterization of powders identified the material attributes that correlate with the quality of 
filled capsules. By means of the obtained data, a model was built to predict the capsule filling performance of the 
inhalation products with low doses. 
This study is the first scientific qualification of dosator nozzles for low fill weight (5mg-45mg) capsule filling. There 
are no data available in the scientific literature for these nozzles so far. 
 
Materials and Methods 

Ten different grades of lactose monohydrate excipient - Respitose ML001, ML006, SV010, SV003, Lactohale 100, 
Lactohale 300 (DFE), Inhalac 230 and Sorbolac 400 (Meggle), Lactohale, and spheronized Lactose (GSK) – as 
well as Mannitol (MG2) and API (GSK) are used in this study. The following material attributes were 
characterized: particle size (Qicpic OASIS/L wet and dry dispersing system Sympatec, Germany), bulk (BD) and 
tapped density (TD) (Pharmatest PT-TD200), true density (AccuPyc II 1340, Micromeritics, Norcross, USA) and 
carr index (CI). The basic flowability energy (BFE), flow function (FFC), cohesion (C), compressibility (CPL), wall 
friction angle (WFA), and air permeability (PD) were characterized with the FT4 powder rheometer (Freeman 
Technology, Malvern, United Kingdom). The BFE is calculated from the energy required to establish a particular 
flow pattern in a conditioned, precise volume of powder. FFC and C were analyzed with a 1mm Shearcell module, 
where shear is induced due to slow rotation. In the CPL measurement the conditioned powder is exposed to a 
series of increasing normal stresses and the change in volume is determined to obtain the ratio between the 
density at each compaction step and bulk density. To investigate the WFA, a stainless steel plate with a nominal 



 

 

roughness (Ra) 0.2 µm was used, which is typically the material in MG2 dosators. After a conditioning and 
compression step a series of shear stress values for a range of reducing normal stresses are measured and the 
WFA is calculated. To get information on the PD the air pressure drop across the powder bed is measured for 
applied normal stress. 
 
After the comprehensive powder characterization the powders were filled in size 3 hard gelatine capsules 
(Capsugel) with a lab scale capsule filling machine (Labby, MG2, Bologna) according well designed DoE`s. 

Each of these DoE`s (D-Optimal with Design statistics G-Efficiency) includes four process parameters of the 
capsule filling machine: 1- Diameter of the nozzle (3 different nozzles), 2- Size of dosing chamber (three sizes), 3- 
Depth of powder bed in the bowl (3 values), and 4- Speed of capsule filling (3 values). The DoE also considers 
two interactions between process parameters: 1- Size of dosing chamber and powder layer depth and 2- 
Diameter of the nozzle and size of dosing chamber. The DoE has two constraints for the ratio between size of 
dosing chamber and layer (interaction 1): never smaller than 1:1 (DoE II)/1:2 (DoE I) and never larger than 1:4 
(DoE II)/1:5 (DoE I). In this study we included the different powder bed heights and positions, of the piston inside 
the dosator nozzle, which gives the ratio between chamber and layer, to see which of these ratios gives the best 
capsule filling performance. Jones refers in his review to the research group Takagi et al., who got the most 
uniform capsule fill weights with a chamber to layer ratio of 1:2 [1]. Powder group I and II have different 
adjustments because the powders of group II could not be filled with a ratio of 1:4. 
After setting all machine adjustments, the powder layer is created and feeding is optimized. Feeding must match 
the amount of powder collected by the nozzle. A sample of 25-30 capsules was collected at the beginning of the 
test and another set of 25-30 capsules after five minutes to check that the filling operation was repeatable. The 
mean mass and RSD of the capsule content (fill weight) was obtained using the samples collected at both time 
points. 

Finally, multivariate data analysis using the entire data set is performed with MODDE 9.1 (Umetrics). The data set 
contains the average value (of three measurements) for each powder property, the value for each process 
parameter, and the average value for capsule weight and weight variability (RSD) at those process conditions. A 
partial least square (PLS) method was performed to study the complex correlations between powder and process 
parameters and capsule net weight and weight variability.  
 

Results and Discussion 

The results of the powder characterization are listed in Table 1. The powders can be divided into two groups 
according to their particle size and density. The first group includes 7 powders with an x50 larger than 10 μm and 
a bulk density greater than 0,5g/ml. In the second and more challenging group of powders the mean particle size 
was less than 10 μm and a bulk density less than 0,5g/ml.  
Comparing the two powder groups it is to see that Respitose ML006 would belong to powder group II according 
its material attributes. The reason for the classification in group I was the capsule filling behavior. Respitose 
ML006 could only be filled with the DoE of group I. With a 1:1 ratio between chamber and layer the powder was 
ejected too early.  

Table 1: Results of powder characterization 

 

Table 2 presents the DoE for the first group of powders and shows the values for the four process parameters, 
the fill weight and weight variability for each of the seven powders tested. Weights between 4 and 45 mg and 
RSDs less than 5% were obtained for most of the experiments. No plug formation occurred in any experiment. 
Lactohale_GSK showed the most uniform filling behavior, although the powder layer creation took longer and 
seemed to be more brittle than others, maybe due to its blend. All powders of group I were easy to handle during 
the whole process, except the milled Lactoses (Respitose ML001an ML006). Best filling performance was 
achieved with a dosing chamber of 5mm and a powder layer of 12.5mm (ratio 1:2.5) for all dosator sizes and all 
speeds. 



 

 

Table 2: Low dose capsule filling study - DoE I 

 

Table 3 presents the DoE for the second group of powders. Again the weight and RSD for every experimental run 
are shown. Weights between 1.5 and 21 mg were obtained for these powders. The weight variation (RSD) with 
values between 5% and 15 % was much higher than for powder group I. Plug formation occurred for experiments 
with a 1:4 ratio between chamber and layer and at a 1:2 ratio filled with 2500 capsules per hour (cph). Some 
experiments with Mannitol showed RSD values below 5% and therefore this powder gave most uniform fill 
weights. Lactohale 300 had a bad and spheronized Lactose an even worse performance. Powder group II was 
much more challenging during production than the first group. The best filling performance was obtained when 
producing at high speed (2500 cph) with a big powder layer (10mm) for all dosing chambers and all dosator sizes. 

Table 3: Low dose capsule filling study - DoE II 

 

Figure 1 shows the significant PLS regression coefficients for the mean weight of capsules and their 
corresponding RSD. The error bars represent a 95% confidence interval. The coefficient plot summarizes the 
relationship between the Y (capsule weight and RSD) and the X (process parameters and powder properties) 
variables. 

 
Figure 1: Coefficient plots for weight (mg) and RSD (%) – DoE I 

The fill weight for the first group of powders is affected by the diameter (dia) of the nozzle, the size of the dosing 
chamber (cha) and the densities (BD and TD). Diameter and size of the chamber are the two parameters that 
define the variable volume chamber in the bottom of the cylinder. The higher the BD and TD are the higher is the 
resulting weight. If all process parameters are the same and only the dosing chamber height gets doubled the 



 

 

correlating weight is nearly doubled (compare table 2: Run 5/8 and 12/14). Hence, filling is performed on 
volumetric basis for this group of powders. This is not the case for powder group II (compare table 3: Run 2/9 and 
7/13). 

Figure 2 presents the PLS regression coefficients for the mean weight of capsules and their corresponding RSD 
for the second and more challenging group of powders. Again dosator diameter and dosing chamber are the 
process parameters which affect the capsule weight the most. Furthermore WFA, BFE and BD have a large 
correlation with fill weight. The weight variability is affected by the capsule filling speed (cph), the dosator 
diameter, the powder layer and the bulk density.  

 
Figure 2: Coefficient plots for weight (mg) and RSD (%) – DoE II 

Based on the knowledge of critical process parameters and material attributes an excellent predictive model for 
weight and a good model for the RSD of the fill weight for each powder group could be built. Furthermore a 
Design Space (Table 4) for the performance of different inhalation powders on low dose capsule filling could be 
established. To get the information about which process settings are needed for a specific powder to achieve a 
desired fill weight with chosen RSD a sweet spot plot in MODDE is used. An example for a process window 
(Sweet Spot) for a powder which belongs to group I with a desired fill weight of 10 mg and a RSD under 5 % is 
shown in figure 3. 

Table 4: Design Space 

  
Figure 3: Process window - Sweet spot plot 

The application of the developed model and the established design space could save time and material, hence 

costs, which is a big advantage for further low dose capsule filling of products for inhalation. 
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