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Influence of blender type on the performance of ternary dry powder inhaler formulations  
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Summary 

The importance of the right blending order and the mixing parameters for ternary mixtures prepared with a high shear 
mixer was shown in a previous study. This project was applying a Design of Experiment (DoE) to elucidate whether 
the gained findings are specific for a high shear mixer or if they can also be attributed to a low shear tumble blender. 
For this purpose, ternary mixtures were prepared with a Turbula

®
 tumble blender and a Picomix

®
 high shear mixer 

using two different blending orders and the same number of total rotations of the blender. Afterwards, the blends were 
tested with an inhaler device (Novolizer

®
) by impaction analysis using the Next Generation Pharmaceutical Impactor 

(NGI). Fine particle fraction (FPF), fine particle dose (FPD) and mass median aerodynamic diameter (MMAD) were 
then compared with the factors blender type, blending order and rotations of the blender. Results exhibited that all 
factors impacted on the FPF and FPD, with the lowest effect arising from the blender type. Blending order findings 
and SEM pictures proved the saturation of active sites and the function of fines as a buffer during blending. Overall, 
improved knowledge of the exact mechanism about how fines influence the aerodynamic performance, in particular 
for the blending process, could be illustrated in this work. 

Introduction 

In order to facilitate powder handling, micronised active pharmaceutical ingredients (API) are often mixed with coarser 
lactose carriers. Typically, these adhesive mixtures are prepared by low shear tumble blending (e.g., Turbula

®
 

blender). However, the use of high shear blenders attracts more and more attention due to more intense blending and 
shorter blending time 

[1]
. Several studies show the importance of process parameters in low shear 

[2]
 and high shear 

mixing 
[3]

 on the performance of binary dry powder inhalation (DPI) formulations. Some other studies focus on the 
influence of low shear mixing process parameters 

[4]
 on the performance of ternary mixtures between API, carrier and 

excipient fines, which are frequently added to increase the fine particle fraction (FPF). The importance of the right 
blending order and the mixing parameters for ternary mixtures prepared with a high shear blender had been shown in 
a previous study 

[5]
. One hypothesis is that the blending order affects the saturation of active sites. Fines occupy areas 

of the surface which are more adhesive, leaving only weaker binding sites available for the drug particles to bind to 
[6]

. 
Grasmeijer et al. exhibited that fines coarser than the drug particles can serve as a buffer between colliding carrier 
particles and protect drug particles from press-on forces during blending 

[7]
. The blending parameters are important, 

as there is an increase of press-on forces of the API particles on to the carrier surface with higher rotation speed and 
extended blending times. Hence, it appears to be obvious that the choice of blender (high-shear or low-shear blender) 
also influences aerodynamic performance of the resulting mixture. However, if blending is normalized to total rotation 
number rather than blending time or rotation speed, this might be different.  To prove whether the influences of fines 
as discussed earlier are also applicable in a Turbula

®
 blender, both blenders were compared at fixed total rotations in 

this study. 

Material and methods 

Blender type, blending order and the total number of rotations of the blender were chosen as factors for a design of 
experiments (DoE). A D-optimal quadratic setup with three factors was selected for this study. Two center points 
(blender = Turbula

®
, blending order = BO ([C + F] + [API]), number of rotations (Rot) = 3000 and blender = Picomix

®
, 

blending order = BO ([C + API] + [F]), Rot = 3000) were repeated three times to finally gain 16 runs. The model was 
evaluated by neglecting insignificant terms in a backward regression. Fine particle fraction (FPF), fine particle dose 
(FPD), mass mean aerodynamic diameter (MMAD), homogeneity of the powder blends and recovery of the API were 
set as response for this study. Statistical analysis was carried out with Modde software (Version 10.0, Umetrics AB, 
Umea, Sweden) by using the multiple linear regression (MLR) method. 

Materials: Lactose monohydrate (InhaLac 70
®
) was used as a carrier, InhaLac 400

®
 as fines (all Meggle Excipients 

and Technology, Wasserburg, Germany) and micronised budesonide (Farmabios, Gropello Cairoli, Italy) as a model 
drug. Particle sizes of the materials are given in Table 1. 
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Material d10 [µm] ± SD d50 [µm] ± SD d90 [µm] ± SD 

InhaLac 70 126.9 ± 0.6 218.7 ± 1.0 302.4 ± 1.3 
InhaLac 400 1.0 ± 0.0 6.3 ± 0.0 23.9 ± 0.4 
Budesonide 0.4 ± 0.0 1.5 ± 0.0 3.5 ± 0.0 

Table 1 - Particle size distribution of the mixture components (average with standard deviation (SD); n = 3) 

Preparation of model DPI formulations: A low shear tumble blender (Turbula
®
, Typ T2C, Willy A. Bachhofen AG 

Maschinenfabrik, Basel, Switzerland) and an Alpine Picoline equipped with the Picomix
®
 high shear mixer module 

(Hosokawa Alpine, Augsburg, Germany) were used to prepare adhesive mixtures. Budesonide concentration was set 
to 1.5 wt% to get a delivered dose of approximately 200 µg with the Novolizer

®
 (Astellas Pharma GmbH, München, 

Germany). 7.5 wt% of fines were added to the blends in two different blending orders (Table 2). The rotation speed 
was set to 500 rpm for the Picomix

®
 and 90 rpm for the Turbula

®
. In order to reach total rotations of 1000 to 5000 the 

blending time for every blending step was varied between 5:33 and 27:47 min for the Turbula
® 

and 1:00 to 5:00 min 
for the Picomix

®
.  Budesonide and InhaLac 400

®
 were sieved through a 180 µm sieve prior blending to remove 

agglomerates. A sandwich-weighing-method was used at a batch size of 30 g for blending. After every blending step, 
the mixtures were passed through a 355 µm sieve to destroy agglomerates. Homogeneity was assessed for all 
formulations by measuring the budesonide content of ten randomly drawn samples by an high performance liquid 
chromatography (HPLC) method. The requirements for homogeneity of blends were set to a relative standard 
deviation (RSD) of less than 5 % and a recovery of 95 %. Each formulation was stored at ambient conditions for a 
minimum of one week before NGI analysis. 

Determination of in vitro fine particle delivery: Aerodynamic particle size distribution was determined using an NGI 
equipped with a critical flow controller (both Copley Scientific, Nottingham, UK) and a vacuum pump (Erweka, 
Heusenstamm, Germany) set at a flow rate of 78.3 L/min (resulting in a pressure drop of 4 kPa across the Novolizer

®
). 

To ensure to be above the limit of detection for all samples for drug quantification, 5 actuations were delivered to the 
NGI for each experiment. To avoid particle bouncing, a stage coating (Brij

®
35, glycerol, ethanol) was applied onto the 

pre-separator and each stage of the impactor before analysis. Each blend was measured in triplicate. Calculation of 
FPD, FPF and MMAD was performed using the CITDAS 3.0 software (Copley Scientific, Nottingham, UK). 

Scanning electron microscopy (SEM): The morphology of the substances and blends was examined using SEM. The 
powder was fixed on a carbon sticker and coated with gold using a BAL-Tec SCP 050 Sputter Coater (Leica 
Instuments, Wetzlar, Germany). The samples were then visualised with a Zeiss Ultra 55 plus (Carl Zeiss NTS GmbH, 
Oberkochen, Germany) using the SE-2 detector and a working voltage of 2 kV. 

Exp 
No 

Exp 
Name 

Run 
Order 

Factors Responses 

Blender Blending 
Order, BO 

Rotations, 
Rot 

FPF [%] FPD [µg] MMAD 
[µm] 

Homo-
geneity [%] 

Recovery 
[%] 

1 N1 15 Turbula [C + F] + [API] 1000 54.7 100.3 2.13 1.2 97.9 

2 N2 2 Turbula [C + F] + [API] 5000 46.7 84.9 2.10 1.8 97.9 

3 N3 5 Turbula [C + F] + [API] 3000 49.6 90.4 2.10 1.3 95.9 

4 N4 4 Turbula [C + F] + [API] 3000 50.6 92.2 2.00 1.0 99.6 

5 N5 7 Turbula [C + F] + [API] 3000 50.1 90.9 2.05 1.2 96.6 

6 N6 12 Picomix [C + F] + [API] 1000 57.4 106.0 2.11 1.8 99.6 

7 N7 9 Picomix [C + F] + [API] 5000 49.1 90.5 1.99 2.4 98.2 

8 N8 11 Picomix [C + F] + [API] 3000 52.8 97.7 2.04 1.7 97.3 

9 N9 14 Turbula [C + API] + [F] 1000 46.4 84.0 1.90 1.1 99.3 

10 N10 10 Turbula [C + API] + [F] 5000 30.2 54.5 2.23 0.6 95.4 

11 N11 13 Turbula [C + API] + [F] 3000 38.3 70.0 2.03 1.2 96.7 

12 N12 6 Picomix [C + API] + [F] 1000 51.6 93.8 1.92 0.9 98.9 

13 N13 8 Picomix [C + API] + [F] 5000 30.2 54.7 2.10 0.8 96.4 

14 N14 3 Picomix [C + API] + [F] 3000 39.7 72.7 1.97 1.2 96.3 

15 N15 1 Picomix [C + API] + [F] 3000 38.7 70.6 1.89 1.7 98.8 

16 N16 16 Picomix [C + API] + [F] 3000 39.0 71.4 1.91 2.5 96.2 

Table 2 – Preparation parameters and results for the various formulations tested. In the scope of DoE, C = carrier, API = budesonide 
and F = fines 

Results and discussion 

The median particle size of InhaLac 70
®
 (Table 1) was around 219 µm. InhaLac 400

®
 shows larger particles and a 

broader PSD than budesonide. This is very important for buffer effects during blending, because fine lactose particles 
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being coarser than the drug particles can act as a buffer between colliding carrier particles and protect the API from 
press-on forces. Furthermore, fines are small enough to fill up the indentions of the large carrier (Figure 1). 

 

Figure 1 – Visualisation of representative interactive mixtures with InhaLac 70
®
 blended with API first, then blended with fines (A) 

before and (B) after dispersion with the Novolizer
® 

Homogeneity and Recovery: No significant trends were observed. After mixing, all blends showed adequate 

homogeneity (all RSD < 2.47 %) and recovery (recovery > 95.36 %). However, the recovery decreased for high 
rotation numbers slightly. This was due to an increased deposition of drug on the walls and especially the rotor in 
case of the high-shear blender. 

In vitro fine particle delivery (Figure 2): The quality of the resulting model was excellent (percent of the variation of the 

response R² = 0.99, prediction quality Q² = 0.97, reproducibility RP = 0.99, model validity p = 0.22), the poor model 
validity is a result of an artificial lack of fit. Because of the high reproducibility the pure error was very low and not 
representative for the true experimental error. That resulted in significant (but not real) lack of fit. Blender, blending 
order and number of rotations were identified as significant factors on the FPF. The number of rotations is the most 
important factor influencing the FPF (-6.72 ± 0.39 %). Increased rotations led to an increase of press-on forces which 
caused a reduction of FPF irrespective of blender type. This reduction is more prominent, when carrier and API were 
blended first (- 6.33 ± 0.28 %) and the fines were added in the second blending step. When the fines were added first 
(6.33 ± 0.28 %), they operate as buffer between colliding carrier particles and protect the smaller drug particles from 
press-on forces. Furthermore, fines fill up the indentions of the carrier (Figure 2 and 3). No replacement of fines and 
drug can be observed for prolonged blending times. The FPF of the blends decreased considerably with higher 
rotation numbers. The influence of the blender is comparatively low (Turbula = -1.07 ± 0.29 %, Picomix = 1.07 ± 0.29 
%). It is evident that the saturation of active sites and the reduction of press-on forces played an important role, while 
the used blender was less important. However, the high shear blender was advantageous as it achieved the same or 
even slightly better fine particle fractions with shorter mixing times. Evaluation of FPD and MMAD provided 
comparable results (data not shown). 

 

Figure 2 - Coefficient plot (scaled and centred). Plotted are the regression coefficients of the FPF with confidence intervals 
(Confidence level 0.95) 

A B 
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Figure 3 – Scheme of blending order effects. (A): When drug is blended with carrier first, it has the opportunity to adhere to the 
strong binding sites (indentions) first. The high amount of fines led to complete filling of the indentions and thereby a transmission of 
press-on forces on to the drug. When fines were blended with the carrier first, they had the first opportunity to adhere to the strong 
binding sites, forcing the drug to be attached to weaker binding sites. Due to their size the fines protect the drug from press-on 
forces. 

Scanning electron microscopy: SEM image (Figure 1A) showed high loading of the carrier surface with agglomerates 

of drug particles and fines. Most particles were preferably attached to the indented parts of the carrier whereas the 
smoother parts showed less loading. After dispersion it was evident that remaining particles were preferentially 
deposited in the indentions of the carrier (Figure 1B). API and fines remained in the indentions supporting the active 
sites theory and giving an explanation for blending order results. 

Conclusion 

The results showed that from all investigated factors the blender type has the lowest impact on the FPD and FPF. 
From blending order findings and SEM pictures the saturation of active sites and the function of fines as a buffer 
during blending can be demonstrated. This work provides a deeper insight into the exact mechanisms of how fines 
influence the aerodynamic performance, even by using different blending processes.  

References 

1
 Willetts J: Investigation into the Effects of High Shear Blending and Storage on Powders for Inhalation (PhD thesis) The School 

of Chemical Engineering, University of Birmingham 2012 Online available at:http://etheses.bham.ac.uk/3325/1/Willetts12PhD.pdf 

2
 Grasmeijer F, Hagedoorn P, Frijlink HW, de Boer HA: Mixing time effects on the dispersion performance of adhesive mixtures for 

inhalation, Plos One 2013, 8(7): 1-18. 
 
3
 Balducci AG, Steckel H, Guarneri F, Rossi A, Colombo G, Sonvico F, Cordts E, Bettini R, Colombo P, Buttini F: High shear 

mixing of lactose and salmeterol xinafoate dry powder blends: Biopharmaceutic and aerodynamic performances, Journal of Drug 
Delivery Science and Technology 2015, 30: 443-49. 

 
4
 Jones MD, Santo JGF, Yakub B, Dennison M, Master H, Buckton G: The relationship between drug concentration, mixing time, 

blending order and ternary dry powder inhalation performance. International Journal of Pharmaceutics 2010, 391: 137-47. 
 
5
 Hertel M, Schwarz E, Littringer E M, Dogru M, Scherließ R, Steckel H: Influence of fines on commercial lactose carriers and their 

dry powder inhalation performance, Drug Delivery to the Lungs 2015 
 
6
 Jones M D, Price R: The influence of fine excipient particles on the performance of carrier-based dry powder inhalation 

formulations, Pharm. Res. 2006; 23: pp 1665-1674 
 
7
  Grasmeijer F, Lexmond A J, van den Noort M, Hagedoorn P, Hickey A J, Frijlink H W, de Boer A H:  New mechanisms to explain 

the effects of added lactose fines on the dispersion performance of adhesive mixtures for inhalation, PLoS One 2014; 9: pp 1-11. 


