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Summary 

The aim of this work is to understand the mixing behaviour of mechanically modified glass beads as model carriers in 
DPIs and spray dried salbutamol sulphate as model active pharmaceutical ingredient (API) particles. Regardless of what 
glass beads were used a 100% surface coverage could not be achieved although the amount of API weighed in was 
calculated for a 100% surface coverage. The actual surface coverage reached for the mechanically modified glass beads 
was about 75% compared to a 32% actual surface coverage for the untreated glass beads. By preparing adhesive 
mixtures with different calculated surface coverage, the calculated coverage and the actual coverage could be correlated 
for all the distinct glass beads used and linear equations with different slopes could be set. Based on these correlations 
comparable mixtures with 30% ± 5% actual surface coverage could be prepared. The evaluation of the fine particle 
fractions (FPF) showed that the FPF is varying for the differently modified glass beads and dependent on the surface 
characteristics of the glass beads. For mechanically modified glass beads the FPF can be correlated with the surface 
roughness and the specific surface area of the glass beads. The higher the surface roughness and the higher the 
specific surface area of the glass beads the higher the FPF. 
This study shows that by understanding the mixing behaviour of mechanically modified glass beads, comparable 
mixtures with defined actual surface coverage can be prepared. As a result the performance of the differently modified 
glass beads can be compared. 
 

Introduction 

In order to use API (active pharmaceutical ingredient) particles intended to target the tiny airways of the deep lung in dry 
powder inhalers (DPIs), they must have an aerodynamic diameter of 1 µm  - 5 µm. Particles of this size are rather 
cohesive and possess poor flow properties [1], which lead to difficulties concerning volumetrically dosing. To overcome 
this problem, carrier based formulations, where the API is attached to the surface of a larger carrier particle (50 µm – 200 
µm) of adequate flowability were developed. Interparticle interactions play a key role in this kind of formulations. On the 
one hand they have to be high enough that uniform dosing is possible and on the other hand low enough that drug 
detachment from the carrier surface during inhalation is guaranteed. 
As the surface topography of the carrier largely affects interparticle interactions [2] , the model carriers used in this work 
are surface modified glass beads. By mechanical surface modification in a ball mill glass beads with different shades of 
roughness have been generated using quartz and tungsten carbide powders as grinding materials and different grinding 
times. The focus of the present work lies on the preparation of adhesive mixtures of these surface modified glass beads 
and a model API (salbutamol sulphate). 
  
Materials  

Glass Beads (Silibeads Type S) in the size of 400µm to 600µm (Glass Beads in the size range of 400 µm to 600 µm 
(x50=537.3 µm ± 7.1 µm) were kindly provided by Sili®, Sigmund Linder GmbH, Germany. Ammonium hydroxide, 
sulphuric acid and hydrogen peroxide were purchased from Lactan Chemikalien, Graz/Austria. Tungsten carbide was 
provided from Wolfram Bergbau und Huetten AG, St. Martin i.S./Austria and quartz was obtained from Quarzwerke 
Austria GmbH, Melk/Austria.  
 
Salbutamol sulfate (USP25 quality) was provided by Selectchemie (Zuerich, Switzerland). Aqueous salbutamol sulfate 
solutions used for spray drying were prepared with purified water (TKA Micro Pure UV ultra pure water system, TKA 
Wasseraufbereitunssysteme GmbH, Niederelbert, Germany) equipped with a capsule filter (0.2 µm). 
 
 
Methods 

Physical surface modification of glass beads was performed mechanically by friction and impaction in a ball mill (Ball Mill 
S2, Retsch, Haan/Germany) [3].  
 
Salbutamol sulphate particles were prepared on a Nano Spray Dryer B-90 (Buechi Labortechnik AG, Flawil, Switzerland) 
equipped with the long version of the drying chamber. To form particles in the size range of 1 μm - 5 μm (characteristic 
diameters: x10=0,45 µm, x50=3,07 µm and x90=6,73 µm). a sprayhead mesh of 7 μm was chosen and a feed 
concentration of 7.5%. The flow rate was set to 100 L/min and the spraying intensity was set to 30 %. 
 



Particle size analysis of spray dried salbutamol sulphate particles was carried out using a HELOS laser diffraction system 
(Sympatec, Clausthal-Zellerfeld, Germany) equipped with a RODOS dry powder dispersing system (Sympatec, 
Clausthal-Zellerfeld, Germany) at an air pressure of 3 bar. Particle size calculations based on the Fraunhofer theory. 
 
The surface of the modified glass beads and the quality of the adhesive mixtures was examined using a scanning 
electron microscope (SEM) (Zeiss Ultra 55, Zeiss, Oberkochen/Germany) operating at 5kV. Samples were gold 
palladium sputtered. 
 
Adhesive mixtures were prepared with 3 different calculated surface coverages (100%, 50% and 25%). Therefore 10g of 
glass beads and the calculated amount of salbutamol sulphate depending on the desired coverage were weighed into 
stainless steel mixing vessels (diameter: 3.2 cm, height: 3,4 cm; filling volume approximately 40%) using the sandwich 
method. The vessel was then fixed in a Turbula blender TC2 (Willy A. Bachofen Maschinenfabrik, Muttenz, Switzerland) 
and mixed for 45 min at 22 rpm. 
 
The homogeneity of mixtures was determined by taking 10 samples of about 150mg  from the powder blends via a 
spatula—three from the top, four from the center, and three from the bottom of the vessel. The powder samples were 
dissolved in 20 ml of water of pH = 3 (adjusted by acetic acid) and subsequently analyzed by reversed phase high 
performance liquid chromatography (HPLC). The homogeneity of mixtures is expressed as the coefficient of variation of 
the drug content of n=10 samples. Samples with a mixing homogeneity of < 7% were used for further experiments. 
From these HPLC results additionally the actual surface coverage was calculated based on comparison of the mass ratio 
(glass beads/SS). 
 
In vitro lung deposition experiments were performed with a next generation impactor (NGI, Copley Scientific, Nottingham, 
United Kingdom) and the fine particle fraction (FPF) was calculated based on the specification of the European 
pharmacopoia (2.9.18. preparations for inhalation: aerodynamic assessment of fine particles, Ph.Eur., 7.0). The 
inhalation device used for these experiments was the Aerolizer®/Cyclohaler®. As this type of inhaler is a low resistance 
inhaler and the pressure drop of 4.0 kPa could not be achieved a flow rate of 100l/min was adjusted.  
 
 
Results and Discussion 

In the present work the mixing behaviour of untreated glass beads and two of the mechanically modified glass beads 
presented as model carriers in DPIs at the DDL 23 were investigated. Adhesive mixtures were prepared of untreated 
glass beads, glass beads modified with quartz for 4 hours (Q 4h) and glass beads modified with tungsten carbide for 8 
hours (TC 8h). The results showed that regardless of what glass beads were used a 100% surface coverage could not 
be achieved although the amount of API weighed in was calculated for a 100% surface coverage. The actual surface 
coverage reached was about 76% for glass beads modified with quartz for 4 hours compared to a 32% actual surface 
coverage for the untreated glass beads. Exemplary for all the adhesive mixtures prepared with a calculated coverage of 
100%, SEM images of glass beads modified with quartz for 4 hours are shown in figure 1. 

 

Fig. 1 SEM images of an adhesive mixture (glass beads modified with quartz for 4h and salbutamol sulphate spray dried) 
with a calculated surface coverage of 100% and an actual surface coverage of 76%. 
 

The preparation of adhesive mixtures with different calculated surface coverage, allowed the correlation of the calculated 
coverage and the actual coverage for all the distinct glass beads used. Moreover linear equations with different slopes 
could be set. Figure 2 gives an example of one of those correlation curves for glass beads modified with quartz for 4 
hours. The linear equations for all the glass beads used are listed in table 1. 

 



Sample Linear equation

Untreated y = 0.073x + 24.58

TC 8h y = 0.6573x + 7.89

Q 4h y = 0.8242x + 6.57  

Tab. 1 Linear equations for untreated glass beads and glass beads modified with quartz for 4 hours and tungsten carbide 
for 8 hours 

 

 

Fig. 2 Correlation of calculated surface coverage and actual surface coverage for glass beads modified with quartz for 4 
hours 
 

The correlation of calculated and actual surface coverage made it possible to prepare adhesive mixtures with defined 
actual surface coverage so that the different adhesive mixtures could be compared among each other. Based on the 
equations in table 1 mixtures with an actual surface coverage of 30% ± 5% were prepared. 

 

 
Fig. 3  FPFs of adhesive mixtures of untreated glass beads, glass beads modified with quartz for 4 hours and tungsten 
carbide for 8 hours with an actual surface coverage of 30% ± 5% (n=3) 

 

Fig. 3 shows the comparison of the FPFs of all the distinct glass beads used. The difference in the FPF is minor. 
Nevertheless, the glass beads modified with tungsten carbide for 8h exhibit a higher FPF than glass beads modified with 
quartz for 4 hours as well as untreated glass beads. This is well in accordance with the surface roughness parameter 
(Rrms) and the specific surface area of the glass beads (figure 4). With increasing surface roughness, resp. increasing 
specific surface area, contact area is expected to decrease and consequently interparticle forces are expected to be 
decreased. This in turn would increase the FPF. Glass beads modified with TC for 8 hours exhibit a higher specific 
surface area and a higher surface roughness than glass beads treated with Q for 4 hours and therefore a higher FPF. 
The correlation for the untreated glass beads is a bit more complex as the specific surface area and the surface 
roughness show controversy results for the untreated glass beads. The surface roughness of the untreated glass beads 
is higher compared to all the mechanically modified glass beads whereas the specific surface area is lowest and in the 
range of the specific surface area of glass beads modified with Q for 4 hours. This can be explained by the presence of 
very few, but deep clefts on the untreated glass beads surface resulting from the manufacturing process or transport. As 
the RRMS value determined with AFM gives the roughness depth, such occasional appearing irregularities result in high 
RRMS values and also a relatively high standard deviation. By contrast, grinding with quartz and tungsten carbide leads to 
uniform rough surfaces. This is illustrated by smaller Rrms values and lower standard deviations compared to the 
untreated glass beads (data not shown). Thus the FPF for untreated glass beads cannot be correlated with the surface 
roughness but with the specific surface area of the untreated glass beads (figure 4). 



 

 

Fig. 4 Comparison of surface roughness (Rrms), specific surface area and FPF of untreated glass beads, glass beads 
modified with quartz for 4 hours and tungsten carbide for 8 hours 

 

Conclusion and Outlook 

The obtained data are highly useful to improve the understanding of the mixing behaviour of surface modified glass 
beads, and helps to generate adhesive mixtures whose FPFs and performances can be compared among each other as 
the surface coverage of the carrier by the drug particles can be designed to be the same. Moreover the FPF of adhesive 
mixtures containing untreated glass beads as well as glass beads surface modified by quartz and tungsten carbide can 
be correlated with the specific surface area of the glass beads which is a measure of surface roughness. 

The aim of further work is the correlation of calculated and actual surface coverage for other mechanically modified glass 
beads with varying surface roughness and specific surface areas different from the ones observed in this study. 
Furthermore it will be checked if there is also a correlation between calculated and actual surface coverage for differently 
chemically modified glass beads. Also part of future work is the determination of interparticle interactions between the 
modified glass beads and salbutamol sulphate with AFM and in addition checking the correlation of adhesion force and 
FPF. The final goal is the correlation of surface characteristics, FPF and adhesion force. 
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