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Summary 

This study describes a powder dosing system with a vibratory sieve mounted on a chute that doses particles into a 
capsule. Vertical vibration occurred within a broad range of frequencies and amplitudes. During dosing events, the fill 
weight was accurately recorded via a capacitance scale, making it possible to analyze filling characteristics, i.e., the fill 
rates and their robustness. The results show that fill rate robustness varied distinctly in the operating space. The 
performed micro dosing studies exhibit that fill rate robustness is of upmost importance to achieve accurate (micro) 
dosing. Prior to every dosing study, the operating space, i.e., settings that yield a steady flow of powder into the chute, 
was determined for three inhalation carriers. The performed low-dose studies with the original Microdose system show 
that capsules can be filled with doses in the range of        and a fill weight variability below     in less than one 

second. If dosing time is not an issue, the proposed system can dose with almost any accuracy, limited only by the 
accuracy of the dynamic scale. It could be demonstrated that such a vibratory sieve chute system is also suitable for 
continuous (micro-) feeding applications and therefore, MG2’s Microdose was rebuild for microfeeding studies. Initial 
results reveal that robust feeding rates of less than 5 mg/h are feasible.  

Introduction 

Precise dosing of small powder quantities is required in many industrial operations and is a focus of intense research 
and in pharmaceutical development and manufacturing, precise powder filling still remains a challenge. Regulatory 
requirements impose a high dose uniformity, especially when the therapeutic window is narrow, as in the case of dry 
powder inhalers (DPI) used to deliver small quantities of highly-potent active pharmaceutical ingredients (APIs). A 
current trend in oral solid dosage forms including inhalation application, is dosing small quantities of a pure API into 
capsules, effectively avoiding fillers, binders, lubricants, flavoring agents, and the associated efforts and risks in 
formulation development. Furthermore, there is increasing interest in continuous processing, which demands robust 
low-dose feeders for APIs. Micro-dosing via vibrating capillaries or rods is a promising low-dosing and feeding 
technique, which is currently investigated for solid-dosing applications. For example, it was reported that highly 
accurate low dosing (relative standard deviation of fill weight below    ) can be performed via the “pepper-shaker” 

principle (MG2 Microdose, Capsugel Xcelodose®S or 3P Innovation Fill2weight) for capsule filling 
[1-3]

. Furthermore, 
micro-feeding (        ) has successfully been performed via auger methods and vibratory channels and vibrating 

spatulas.  
This study is an in-depth analysis of a gravimetric micro-dosing system for fine powders in the milligram range based 
on the “pepper-shaker” principle. Hard gelatin capsules were filled directly via a sieve merged with a vibrating chute. 
The device (MG2 Microdose) is equipped with a capacitive scale, facilitating accurate studies of the dosing behaviour. 
In order to select appropriate amplitudes and frequencies for low dose studies, a broad range of settings was 
screened to investigate corresponding powder flow characteristics. Hence, an operating space was determined for 
three common excipients in inhalation products (i.e., lactose powders) and the results were further analysed to 
establish the optimal settings for low dosing and continuous micro-feeding. Furthermore, the limitations of the low-
dose accuracy were addressed by performing dosing experiments with a target weight of        

[3]
. 

Materials and Methods 

Table 1 lists the three grades of inhalation-grade α-lactose monohydrate (hereinafter referred to as lactose) excipients 
with different particle sizes supplied by different manufacturers (DFE Pharma, Germany; Meggle, Germany). Powders 
were used as received. An overview of the investigated powders is provided below: 

Table 1: Inhalation grade powders 

Name 
(Manufacturing 
characteristics) 

Supplier VMD 
[µm] 

Bulk 
density 
[g/cm³] 

Tapped 
density 
[g/cm³] 

CI  
[%] 

FFC 

Respitose SV010 
(coarse sieved) 

DFE Pharma, 
Germany 

129.82 0.72 0.87 16.8 7.7 

InhaLac 230 
(sieved) 

Meggle, 
Germany 

111.71 0.74 0.89 17.3 7.9 

Respitose SV003 
(sieved) 

DFE Pharma, 
Germany 

73.99 0.69 0.83 17.4 8.1 
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Particle size, density and flow behavior were investigated and each measurement was done in triplicate (n = 3). 
Particle size distribution of the carriers was determined using laser light diffraction technique (HELOS/KR, Sympatec 
GmbH, Clausthal-Zellerfeld, Germany). The bulk (BD) and tapped densities (TD) of carrier particles were analyzed 
(Pharmatest PT-TD200) via a standardized method described in the United States Pharmacopeia (USP 2011, <616>). 
The flow function coefficient (FFC) was measured using FT4 Powder Rheometer (Freeman Technology, UK) adjusted 
with a 1ml shear cell module at a maximum pressure of      . FFC is the ratio of consolidation stress, σ1, to 
unconfined yield strength, σc. A high FFC value indicates that the powder should flow well. 
 
The presented dosing and feeding studies were executed via the MG2 Microdose System as stand-alone unit, a 
dosing system with a vibratory sieve (oscillating vertically) mounted on top of a chute (      ) to guide the powder into 

a capsule. Figure 1 shows the operating principle and parts of the set-up. The chute is tilted at a fixed angle of 5° and 
the sieve with 10 holes of 0.7mm in diameter is fixed on its top.  
 

 

Figure 1: Principle of powder dosing via a vibratory sieve-chute system. The inlet shows a photo of the used 
sieve, and the red x depicts the position of an acceleration probe used to study oscillation patterns. 

 

During the dosing studies, the capsule fill weight (  ) was recorded dynamically via a capacitance sensor, consisting 
of two electrode plates encompassing the capsule body. The electrical field and the capacitance varied depending on 
of the powder quantity in the capsule. The capacitive scale facilitated the analysis of filling characteristics, i.e., the fill 
rates and their (micro) dosing robustness. First, the range of frequencies and amplitudes was screened for optimal 
amplitude and frequency settings for powders varying in size. The filling characteristics were analysed in detail within 
this operating space in order to achieve accurate micro dosing (      ) of capsules for all lactose powders. In 

addition, dosing accuracy was compared between dosing via a constant frequency and amplitude or a constant 
frequency but the amplitude manipulated by a PID controller. 

 

Results and Discussion  

First, the range of frequencies and amplitudes was screened for optimal amplitude and frequency settings for powders 
varying in size. The filling characteristics were analyzed in detail within this operating space in order to achieve 
accurate micro dosing (      ) of capsules for all powders. In addition, dosing accuracy was compared between 

dosing via a constant frequency and amplitude or a constant frequency but the amplitude manipulated by a PID 
controller (see Figure 2). For some frequency and amplitude settings, powder dosing was not feasible since the 
powder spilled over from the sieve and the chute due to high accelerations during the upward movement of the sieve 
at frequencies of about 40 Hz and amplitudes higher than     . 
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Table 2: Results of the low-dose studies and filling rate and its standard deviations (vertical bars) for 
Respitose SV003 in the amplitude and frequency settings of the operating space. 

Target weight 2.5 mg Respitose SV003 Operating Space 

Average dosing [mg] 2.5 2.5 2.6 

 

RSD [%] of fill weight 4.6 4.6 6.4 

Max dosing [mg] 2.8 2.7 3.2 

Min dosing [mg] 2.3 2.3 2.4 

Filling time [s] 0.9 0.7 4.4 

Filling time RSD [%] 15.8 4.4 46.5 

 

The first column presents the mean fill weight, the fill weight variability (=RSD), the maximum and minimum weights, 
the filling time and its RSD during dosing at a fixed amplitude. For Respitose SV003, an amplitude 75  was used  
Table 2 also presents results for the experiments using a PID controller with two different strategies: manipulating the 
amplitude was done at a fixed frequency of       and PID control was established either for all possible amplitudes 

(PID control – second column) or for amplitudes within the operating space (restricted PID control – third column). 
Respitose SV003 had the lowest fill weight variability if dosed using constant settings or the restricted PID controller. 
The reason is that capsule filling using settings (i.e., amplitudes and frequencies) in the operating space creates a 
homogeneous powder bed in the chute. In contrast, PID-controlled dosing without any restrictions applies amplitudes 
that yield no powder flow out of the sieve (see Table 2). Hence, settings that violate the operating space yield 
inhomogeneities of the powder bed in the chute, which may cause overdosing. This overdosing can be initiated if the 
fill weight is close to the target weight  e.g                           ). Then it can happen that the remaining 

powder in the cute formed a pile. Hence, the fill rate increases temporarily at the end of the dosing and overdosing 
cannot be avoided (see Figure 2). 

 

Figure 2: Powder bed in the chute during a PID controlled dosing (left) and dosing using constant settings 
(right). 
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Conclusion and Outlook 

The performed low-dose studies show that capsules can be filled with        and that a fill weight variability below 

    can be achieved in less than one second. If filling time is not an issue, the proposed system can dose with almost 

any accuracy, limited only by the accuracy of the integrated capacitive weight control. The slower the capsule is filled 
(e.g., by sealing sieve holes), the easier it is to stop the dosing in time. In addition, this study demonstrates that such 
a vibratory sieve-chute system is also suitable for continuous (micro-) feeding applications, since robust fill rates could 
be achieved especially when operated using optimal amplitude and frequency settings. Hence, MG2’s Microdose was 
rebuild for micro feeding applications. Initial results reveal that robust feeding rates of less than        are feasible. 

 

References 

 

[1] Edwards D: Applications of capsule dosing techniques for use in dry powder inhalers, Therapeutic Delivery, 2010; 
1(1): pp195-201. 

[2] Eskandar F, Lejeune M, Edge S: Low powder mass filling of dry powder inhalation formulation, Drug Dev Ind 
Pharm, 2011; 37(1): pp24-32. 

[3]  Besenhard M O, Faulhammer E, Fathollahi S, Reif G, Biserni S, Calzolari V, Ferrari A, Lawrence S M, Llusa M, 
Khinast, J G: Accuracy of Micro Powder Dosing via a Vibratory Sieve-Chute System, Eur J Pharm Biopharm, 
2015; 94: pp264-272. 

 

 

 


