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Applying Advanced Powder Testing to Tackle  
the Toughest Formulation Challenges

The application of high throughput 
screening techniques and computa-
tional chemistry has resulted in a 
marked shift in the nature of drug 
candidates with identified therapeutic 
potential, increasing the prevalance 
of BCS Class II and IV compounds.1,2 
Estimates suggest that Class II drugs 
currently account for around 30% of 
marketed drugs but between 50 and 
60% of drugs in the development 
pipeline.1 Class II drugs have low 
solubility and high permeability while 
Class IV combine poor solubility with 
poor permeability. Both present a 
demanding formulation challenge with 
bioavailability potentially limited by 
the difficulties of solvation, and for 
Class IV drugs, by the difficulty and 
variability of in vivo absorption.

Faced with a growing need to effectively 
develop these drugs formulators are 
becoming increasingly reliant on more 
complex and sophisticated strategies. Here 
we consider the value of powder rheometry 
within this context focusing on its ability to 
support innovative product development. 
By sensitively capturing critical aspects of 
powder behaviour, multi-faceted powder 
characterisation with a powder rheometer 
can help formulators to knowledgably 
manipulate formulation and excipient 
properties to achieve desirable performance. 
Experimental studies by researchers at 
the School of Pharmacy, Sungkyunkwan 
University3 and Bernal Institute, University 
of Limerick, Ireland4 provide practical 
illustrations of industrial relevance and 
application in the development of gastro-
retentive (GR) tablets and amorphous solids 
dispersions (ASD) respectively. 

A Changing Landscape for Formulation
As the number of Class II and Class IV drug 
candidates increases, formulation science 
and practice are advancing to address the 
specific issues that each present. Class II 
candidates exhibit good permeability once in 
solution, so formulation necessarily focuses 
on improving dissolution rate or increasing 
solubility. Salt formation, size reduction and 
the use of surfactants all have potential to 
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increase the rate of drug dissolution while 
functional excipients such as cyclodextrins, 
lipid-based drug delivery systems and 
formulation as an ASD are proven strategies 
for boosting solubility.5

Boosting dissolution rate or solubility 
is also vital for Class IV drugs, but poor 
permeability brings additional issues. Class 
IV drugs may exhibit erratic absorption, 
significant intra- and inter-patient variability, 
pronounced fed state dependence, and 
narrow absorption windows.6,7 Previously 
listed formulation strategies remain 
relevant for these drugs, notably lipid 
delivery systems and solid dispersions, but 
formulation is especially demanding. 

While the chemistry of Class II and 
IV drug formulations is critical, physical 
properties may be equally vital with respect 
to product commercialisation. For example, 
formulation as an ASD, one of the most 
popular ways of improving solubility, can 
give rise to poor flowability, a potential 
barrier to high manufacturing efficiency.4 
Engineered oral solid dosage forms such as 
GR tablets may be advantageous for Class 
II and IV drugs with a narrow absorption 
window or poor solubility/stability lower 
in the gastrointestinal tract but are exacting 
with respect to excipient choice and  
stable product manufacture. As formulation 
becomes increasingly focused on these more 
demanding drug candidates the need for 
more informative physical characterisation 
techniques intensifies.

Exploring the Value of Multi-faceted 
Powder Characterisation
Bulk powder property measurements, 

notably flowability, support the development 
of formulations with robust processability 
that deliver consistent product quality. For 
example, in tablet manufacture, powder flow 
properties impact the consistency of die-
filling and have been securely correlated 
with critical quality attributes such as tablet 
hardness.8,9 Day-to-day poor flowability can 
trigger unscheduled process interruptions 
and reduce throughput.

Traditional techniques for assessing 
powder flowability include angle of repose, 
tapped density methods (Hausner ratio 
(HR) and Carr’s Index (CI)) and flow through 
an orifice. However, these are limited with 
respect to:

• Sensitivity: imprecisely defined metho-
dologies, variations in equipment 
design and a high degree of operator 
dependence mean that many traditional 
techniques suffer from poor repeatability 
and a lack of sensitivity.  

• Relevance: by defining flowability 
with just a single number, traditional 
techniques fail to capture the effect 
of variables such as consolidation, 
aeration, fluidisation, applied shear rate 
and temperature. 

Dynamic powder testing is a modern 
technique that involves generating values 
of flow energy from measurements of the 
axial and rotational forces acting on a 
precision-engineered blade as it rotates 
through a powder sample (see figure 1).10 

High sensitivity and the ability to test 
powders under conditions that simulate 
the process environment set dynamic 
testing apart from other methods and 

Figure 1: Dynamic testing quantifies powder flow behaviour with high sensitivity and allows manipulation of the test 
environment to simulate different processes
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make it a uniquely valuable tool for those 
applying cutting edge formulation strategies. 
Powders can be tested in a consolidated, 
moderate stress, aerated or fluidised state 
to rigorously assess flow behaviour under all 
the conditions associated with manufacture 
of a complex oral solid dosage form.  The 
impact of flow additives and other excipients 
designed to improved processability and 
performance can be precisely and robustly 
assessed.

Furthermore, the instrumentation used 
for dynamic powder testing enables shear 
and bulk property measurements. Shear cell 
analysis generates the properties required 
for hopper design and troubleshooting, and 
more generally quantifies the ease with 
which a consolidated powder transitions 
from the static to dynamic state. Bulk powder 
properties – compressibility, permeability, 
and bulk density – quantify response to 
compression, resistance to air flow, and 
particle packing efficiency, respectively.  
Both shear and bulk property measurement 
therefore have much to contribute to the 
optimization of formulations properties for 
tableting processes.8 

Applied in combination dynamic, shear 
and bulk property measurements deliver 
multi-faceted powder characterisation, 
providing comprehensive insight into 
a formulation to support, for example, 
excipient choice and processing route. The 
following examples illustrate the value of 
multi-faceted powder characterisation when 
formulating Class II and IV drugs. 

Case Study: Developing a Bilayer Floating 
Tablet for a Class IV Drug with Poor Oral 
Bioavailability
Rebamipide (RBM), a BCS Class IV drug, is 
prescribed for the treatment of gastric and 
duodenal ulcers and other gastric disorders. 
Due to low oral bioavailability maintaining 
a therapeutic effect relies on relatively high 
frequency dosing making the drug an ideal 
candidate for sustained release formulation. 
Researchers at Sungkyunkwan University 
working on the development of GR tablets 
therefore selected RBM as a model drug 
for the development of a floating tablet 
with discrete GR and drug release layers.3 
This bilayer structure makes it possible to 
independently optimise GR and drug release 
characteristics.  

Developing a GR layer that combined 
the strength needed to withstand gastric 
action with buoyancy was a critical step. 
Hydrophobic rather than hydrophilic 

polymers were screened for this task, 
a novel approach. The performance of 
the preferred hydrophobic polymer –
Kollidon® SR was then compared with 
analogues formulated with polyethylene 
oxide (PEO) 7M, a hydrophilic alternative. 
A sublimating agent, camphor, was added 
to introduce porosity, and by extension 
buoyancy. Such agents have potential to 
increase blend cohesivity making successful 
formulation reliant on understanding how 
best to manipulate compression force and 
sublimating agent concentration to produce 
strong, buoyant tablets with acceptable flow 
properties. Two techniques were particularly 
helpful in navigating these issues: mercury 
porosimetry and multi-faceted powder 
characterisation.

Table 1: Kollidon® SR and PEO 7M samples incorporating 20% camphor and compressed at 1 ton have comparable total 
porosity though the Kollidon® SR sample has much finer pores

Table 2: Flow property data for GR blends incorporating 20% camphor

Figure 2: Total porosity of the GR layer can be increased by reducing compression force or increasing camphor content 
(left); the inclusion of camphor broadens pore size distribution (right)

Table 1 summarises porosity characteristics 
measured by mercury porosimetry for 
Kollidon® SR and polyethylene oxide (PEO) 
7M samples containing 20% camphor, 1 ton 
compression force. The two blends deliver 

comparable average porosity and density 
but the Kollidon® SR formulation has much 
smaller pores. This difference is attributable 
to the morphology of Kollidon® SR particles 
which are smaller, less dense, and more 
regularly shaped than PEO 7M analogues.

Figure 2 shows mercury porosimetry 
data for Kollidon® SR samples quantifying 
the impact of camphor concentration and 
compression pressure on porosity. In the 
absence of camphor, pore size distribution 
is narrower. Blends containing 20% camphor 
produce an appreciable population of larger 
pores regardless of compression force. 
However, increasing compression force 
shifts pore size distribution to finer values 
for both the 0 and 20% camphor blends. 

The only two formulations that 
successfully produced floating bilayer 
tablets were those with the highest total 
porosity, the 20% camphor formulation 
subject to a 0.75ton compression force 
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and the 0% camphor blend compressed 
at 0.5ton. Tablets produced with higher 
levels of camphor or at low compression 
lacked viable hardness. A 20% camphor 
concentration was subsequently identified 
as optimal, taking into account all the data.

Optimised candidate GR blends were 
assessed using traditional techniques 
(Angle of Repose and CI) and by measuring 
dynamic and bulk powder properties using 
standard testing protocols10 (see Table 2). 
Both blends contain magnesium stearate 
and Aerosil® R972 to improve flow properties 
and tableting performance. 

 Traditional methods provide minimal 
statistically relevant differentiation between 
the samples making them of limited value 
for this application. In contrast, dynamic and 
bulk property values provide more robust 
differentiation and much greater insight.  

Basic Flowability Energy (BFE) values are 
measured during a downward traverse of the 
powder rheometer blade that pushes the 
powder down against the confining base of 
the test vessel. The resulting values reflect 
flow behaviour under forcing conditions, such 
as in the feed frame of a tablet press.  BFE 
values for Kollidon® SR are much lower than 
for PEO 7M suggesting superior performance 
in this type of unit operation. Specific Energy 
(SE) values are measured on an upward 
traverse of the blade and are more relevant 
to gravitational powder flow. These results 
similarly highlight the better flowability of 
the Kollidon® SR and the greater cohesivity 
of the PEO 7M blend.

Flow Rate Index (FRI) is determined by 
measuring BFE as a function of blade tip 
speed (FRI = BFE at 10 mm/s / BFE at 100 
mm/s.). Generally, more cohesive powders 
have a greater tendency to entrain and trap 
air and therefore show greater sensitivity 
to flow rate. The lower Conditioned Bulk 
Density (CBD) of the PEO 7M blend suggests 
higher air content and less efficient packing 
providing a rationale for the higher FRI value 
of this sample. Both FRI and CBD provide 
further evidence of the greater cohesivity of 
the PEO blend which is therefore likely to be 
more sensitive to changes in processing rate.

Taken together the dynamic and bulk 
properties indicate that the Kollidon® 
SR blend is likely to exhibit superior 
performance at every stage of the tableting 
process. Differences in morphology help 
to rationalise this superior performance. 
Though finer in size Kollidon particles 

have a smooth, regular morphology more 
conducive to flow and efficient packing.

Case Study: Optimising the Processability 
of an ASD of a Class II Drug
Itraconazole (ITZ), a Class II drug, is a broad 
spectrum anti-fungal medication that 
can be formulated as an ASD to improve 
solubility, and by extension bioavailability. 
Researchers at the Bernal Institute, 
University of Limerick, Ireland produced 
ternary ASDs of ITZ using two polymer 
excipients: Soluplus® and hypromellose 
phthalate to determine how spray dried (SD) 
samples compared with analogues made by 
hot melt extrusion (HME); HME samples were 
subjected to a final ball milling (BM) step for 
1 min. The aim of the study was to assess 
any potential to optimise ASD processability 
via choice of processing route. Dynamic, 
shear and bulk powder properties were all 
measured to support this objective.10 

Figure 3 shows powder stability and 
variable flow rate data for the SD and the 
HME + BM ASDs.  SI quantifies how flow 

Figure 3: BFE, stability and variable flow rate data capture clear differences between the SD and HME + BM ASDs.*

Figure 4: In aeration testing the non-cohesive HME + BM is sample significantly impacted by aeration, in contrast the SD 
ASD sample is largely unaffected.* *Please note both Figure 3 and Figure 4 include other data sets measured in the study 

that are not directly relevant to this discussion.

properties change with repeat testing and 
is mathematically defined as the ratio of 
BFEtest7 to BFEtest1.

SI values close to 1, (0.96 +/- 0.06 for the 
HME + BM ASD and 1.24 +/- 0.26 for the SD ASD) 
are indicative of relatively stable behaviour. 
The SD ASD has a lower BFE than the HME 
+ BM ASD, but also exhibits significantly 
higher FRI, 3.73 +/-0.35 c.f. 1.40 +/- 0.02, 
indicating greater cohesivity. From a practical 
perspective the difference in FRI between the 
two ASD samples suggests that they would 
respond differently to changes in flow/
shear rate during processing. This finding is 
particularly relevant for unit operations such 
as blending and feeding, where performance 
has been shown to correlate directly with FRI.11

In aeration testing (see figure 4) BFE 
measurement protocols are applied as air 
flows upwards through the sample at a 
defined velocity. Aeration Ratio (AR) directly 
quantifies a powder’s response to air and 
is mathematically defined as flow energy10 
mm/s/BFE. The SD ASD has an AR in the 
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Figure 5/Table 3: Shear testing provides further evidence of the greater cohesivity of the SD ASD

Table 4: Density metrics provide further evidence of the greater cohesivity of ASD SD  and illustrate the benefit of 
conditioning with respect to repeatable bulk density measurement

range 1.73–2.02 suggesting it is relatively 
insensitive to aeration, a trait associated 
with more cohesive powders. Strong inter-
particulate forces inhibit the passage of 
air around individual particles, preventing 
the lubricating and fluidising effects that 
reduce flow energy. In contrast the HME + 
BM sample has an AR of between 45.9 and 
58.2. Aeration has a strong effect on this 
much less cohesive powder. Once again, the 
observed difference between the ASDs has 
implications for pharmaceutical processing 
notably for unit operations such as Würster 
coating, a fluidised bed microencapsulation 
process, and pneumatic conveying.

Figure 5/Table 3 shows shear properties 
for the two ASDs. Flow Function (FF) values 
for the SD and HME + BM ASDs classify them 
as cohesive and free-flowing, respectively, 
though repeatability is markedly lower 
for the less cohesive powder, a widely 
recognised issue with all shear cell testers.

Unconfined Yield Strength (UYS) and 
Cohesion values similarly rank the ASDs 
with respect to cohesivity, since higher 
UYS values are generally associated with 
more cohesive powders. The higher Angle 
of Internal Friction (AIF) of the HSM + 
BM ASD sample suggests it will also be 
more sensitive to increasing levels of 
consolidation. More generally, the shear cell 
data provide more evidence that the ASDs 
are likely to exhibit different behaviour, 
notably in packaging, shipping and hopper 

discharge. However, it is worth noting 
that the measured shear stress values are 
actually quite similar for these materials. 
The derivation of shear cell parameters 
involves a process of mathematical 
extrapolation that can magnify the impact 
of measurement errors particularly for less 
cohesive materials. Other more relevant 
methodologies may therefore provide much 
clearer differentiation.   

Table 4 shows density metrics for 
the ASDs and raw materials including 
‘Conditioned’ Bulk Density (CBD) values 
as measured with the powder rheometer. 
Conditioning involves gentle agitation 
of the powder bed using the blade of 
the instrument and leaves samples in a 
consistent, homogeneous, loosely packed 
state. It is a precursor to all measurements 
and helps to ensure excellent repeatability. 
In contrast, ‘measured’ bulk density (MBD) 
values were determined by simply pouring 

samples directly from storage into a pre-
weighed graduated cylinder. Tapped density 
values were measured and used with both 
MBD and CBD to generate values of HR and 
CI.

CBD values exhibit excellent repeat-
ability. The CBD of the SD ASD is much lower 
than that of the HME + BM ASD, a result 
consistent with higher cohesivity. Strong 
inter-particulate forces of cohesion support 
the development of structure in the bed and 

the associated entrainment of air, thereby 
reducing bulk density. MBD and CBD are 
broadly consistent though MBD values 
are appreciably lower suggesting that the 
conditioning step may be associated with 
deaeration and particle rearrangement 
into a more efficiently packed state. HR 
and CI provide no or minimal differentiation 
between the two ASDs, depending on 
whether they are calculated using CBD or 
MBD. At best they classify the HME + BM 
sample as cohesive and the SD sample 
as very cohesive. These results therefore 
highlight both the potential for variability in 
density measurements and the limitations 
of tapped density methods when it comes 
to reliably and sensitively differentiating 
powders. 

Taken together the dynamic, shear, and 
bulk properties (CBD) provide a robust 
process-relevant assessment of the two 
ASDs, clearly identifying HME + BM as the 
preferred production route with respect 
to processability. The cohesivity and poor 
flowability of SD can be rationalised with 
reference to its particle morphology, to 
smaller particle size and more complex 
shape. Measuring bulk powder properties 
translates these morphological differences 
into process relevant insight and allows 
formulators to determine how steps taken 
to improve bioavailability might impact 
manufacturability.  

In Conclusion
The intensifying requirement to effectively 
formulate Class II and IV drugs increases 
the need to optimise analytical strategies. 
Multi-faceted powder characterisation 
via the measurement of dynamic, shear 
and bulk powder properties supports the 
formulation of drug products with better 
processability, and by extension, more 
consistent performance. The example data 
presented here illustrates this approach 
and its superiority to other powder testing 
techniques.
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