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Summary 

A robust and novel method has been proposed to evaluate dry powder mixing using a mixing-sensitive colouring 
agent - sub-micronised iron oxide. The method measures the change in colour (hue) and hue intensity of blends 
over the duration of mixing and enables the analysis of two distinct mixing behaviours, namely pigment de-
agglomeration (transition from red to orange) and dispersion through the bulk material (increase in the intensity 
of the blend’s hue). 

Several experimental campaigns were conducted with various inhalation grade lactoses, both free-flowing and 
cohesive, to observe whether blend pigmentation could serve as an indicator for mixing behaviour and 
phenomenon in different systems. Three mechanistically different blending technologies were predominant in 
the studies and blends were manufactured at a variety of operating conditions and scales.  

Through colourimetric analysis of each blend over time in different mixing conditions, a series of formulation 
specific process curves were generated based on the population of fine lactose particles and pigment. Process 
curves were found to be not only be able to quantify the level of pigment dispersion and de-agglomeration, but 
also analyse blend uniformity, energy input and detect the generation of fine particles through milling. These 
results suggest that the iron oxide tracer method can be used as a simple and powerful preliminary approach to 
the optimisation of powder blending, and can potentially reduce both the cost and time traditionally associated 
with technology transfer or scale-up as it can show equivalent powder mixing between two systems or sets of 
mixing conditions.  

 

Introduction 

In the pharmaceutical industry, product homogeneity is an extremely important factor in powder mixing due to 
the small scale of powder used per dose (Muzzio et al., 1997) and importance of product safety and consistency. 
A very fine degree of mixing is very difficult to achieve often due to the size, density and physical property 
differences of the powders used to create pharmaceutical formulations (Kaye, 1997) and notably for inhalation 
formulations. Powder flow throughout many powder mixing technologies, particularly high shear/vertical axis 
mixers, is not well understood (Knight, 2004). As such the determination of the best mixing conditions in a given 
vessel, including fill height, operating speed and mixing time is a purely trial-and-error approach and can be a 
time and financially costly process.  

It would be beneficial to the industry to gain a better quantitative understanding of the influence of operating 
conditions on powder mixing in different mixing processes. This would allow for better predictions about the 
extent of mixing (both required intensity and mixing time) and shift determination of the best operating conditions 
from the traditional haphazard trial-and-error approach to a more holistic and accurate process that has flexibility 
to be applied to a variety of situations rather than being product specific. It may also assist in scale-up and 
transfer between blender types.  The use of a coloured pigment as a preliminary testing method, and when used 
as a substitute for the pharmaceutical active, may hold benefits in allowing an entire blend to be quickly and 
simply analysed through the blend’s colour change as the level of mixing increases. Analysis of a colour tracer 
such as iron oxide may also provide key information on mixing mechanisms such as the de-agglomeration 
pathways of cohesive powders as the colour change in the blend has multiple dimensions.  

As micronised iron oxide is mixed amongst a bulk powder, a colour change in the powder blend can be 
observed. In the case of a mimic pharmaceutical formulation where the concentration of pigment is 1-2wt%, the 
dispersion of red pigment in the white lactose shows a significant colour change in the blend. The formulation 
changes from an initial pale pink (little mixing) to deep red (good mixing) as the pigment is dispersed throughout 
the lactose powder. A further change from red (mostly intact aggregates, little breakup) to orange (good 
breakup) can be observed as the pigment is de-agglomerated within the lactose matrix (Fig. 1).  
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Fig. 1: Schematic of iron oxide pigment dispersion (a-b) and de-agglomeration (b-c). 



 

 

For clarity in this work, “dispersion” is defined as the mixing of pigment aggregates throughout the lactose matrix 
without reduction in the aggregate size (Fig. 1a-b), whilst “de-agglomeration” is defined as the breakup of 
pigment aggregates into smaller aggregates and or primary particles (Fig. 1b-c). 

Colour analysis of blends containing iron oxide can be conducted through use of a colourimeter, which can 
evaluate and compare colours in a 3-dimensional colour space (Chong, 1998). The most commonly used colour 
space is the CIE (1976) Cartesian L*a*b* space, which enables good comparison between different colours and 
can accurately quantify changes in colour. Whilst not as commonly used, the Cartesian L*a*b* space can be 
converted to the polar L*C*h space, in which L* values serve as the degree of tint (white) and shade (black) in a 
colour, with values ranging from purely white (L*=100) to purely black (L*=0) and the blend’s colour is described 
in terms of hue (hue angle, h), and hue intensity (Chroma, C*). Whilst less commonly used, the L*C*h space is 
more appropriate to this study as it can be used to better express the degree of pigment de-agglomeration and 
dispersion through changes in h and C* respectively.  

The basis for this method stems from the previous work of Satoh and co-workers, who extensively investigated 
the change in colour of iron oxide pigment in a white bulk powder (calcium carbonate) using different mixers and 
mixing conditions (Iwasaki and Satoh, 2002, Iwasaki et al., 2003, Satoh et al., 1993, Satoh et al., 1994, Satoh et 
al., 1998, Sugai et al., 1997). Through analysis of blend lightness (L*), process curves were generated for each 
formulation and mixing system. The method outlined in this work extends from the studies by Satoh and co-
workers by focussing instead on analysis of the blend’s hue (h) and hue intensity (C*), which provide a more 
thorough analysis of mixing mechanics and enable a greater insight into blend behaviours and characteristics.  

 

Blend behaviour between mixing systems and conditions 

An initial study investigated the viability of blend pigmentation to characterise mixing behaviour of different 
formulations in different mixers, mixing scales and operating conditions (Barling et al., 2012). Several different 
formulations comprising of cohesive and free-flowing lactose were blended with sub-micronised iron oxide in a 
variety of mixing technologies that varied in mixing mechanism and intensity. Lab scale tumbling, high shear and 
mechanofusion mixers were used, as well as some industrial scale high shear mixers (HSMs). Measuring the 
change in hue and intensity of micronized iron oxide in a lactose bulk enable the analysis both de-agglomeration 
of the pigment (transition from red to orange) and the dispersion of a given sized aggregate through the bulk 
material (increase in the intensity of the blend’s hue). Samples were withdrawn from the mixers at regular time 
intervals and the hue and intensity analysed using a colourimeter. Hue and hue intensity values were assembled 
to create a series of formulation-specific colour curves which were able to clearly distinguish and group mixers 
into low and high intensity given their range of values along the same formulation curves (Fig. 2).  

 

Fig. 2: Distinct formulation-specific curves formed from analysis of changes in hue (h) and hue intensity (C*) 
over time for tumbler, high shear mixer (HSM) and mechanofusion mixers. 

These initial results showed that the iron oxide tracer method could provide the basis for a novel quantitative 
approach to producing equivalent mixture qualities as a function of mixer type, scale and operating conditions 
given a particular formulation. Results also showed potential in detecting milling during blending and allowing for 
blend optimisation for a given formulation.  

 



 

 

Content uniformity and energy input 

An extension study conducted in conjunction with the University of Surrey and the University of Birmingham 
assessed the ability of the iron oxide method to measure blend homogeneity (Barling et al., 2013). Pigmented 
blends were manufactured in a lab-scale (7L) vertical axis high shear mixer using different impeller types and 
impeller speeds. It was found that by taking several samples (16) through a cross-section of the powder bed at 
each time point, a measure for content uniformity could be made through the relative standard deviation of the 
hue intensity (i.e. C* %RSD) (Fig. 3a). This uniformity measurement was found to be sensitive enough to 
characterise the blending of each impeller type and speed, with impeller types with large sweeping volume and 
front facing regions (i.e. high relative impeller drag) able to reach content uniformities in a reduced mixing time. 
Colour measurements were also able to characterise the mixing rate of each blend and system, as well as the 
blend quality (i.e. degree of pigment dispersion for a given degree of blend uniformity). It was also found through 
online mixer torque measurements that the measured hue intensity of the blend could also approximate the 
energy input to the blend by the impeller (Fig. 3b).  
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Fig. 3: Content uniformity measurements for each blend and system over time (a) and plot of total energy inputs 
for each blend as a function of hue intensity (b) showing correlation between both values. 

Findings of this study were consistent with previous work in the analysis and use of colour curves, however they 
added further knowledge to their versatility and application through new found abilities to assess and quantify 
blend uniformity and the rate of mixing, as well as being able to provide an approximation of overall energy input 
to the blend and localised regions of the powder mass.  

 

Detection of Milling during mixing 

A study was also conducted to assess whether the method was also able to detect particle damage and milling 
during mixing as it was found previously to be able to distinguish between different levels of fine lactose present. 
A fine and course grade of inhalation lactose (Lactohale LH230 and LH200 respectively) were blended at 
varying weight percentages with 1wt% micronized iron oxide in a tumbling mixer and an ultra-high-shear 
mechanofusion mixer at a range of mixing speeds. Samples of the blends were taken at set time intervals and 
their L*C*h colour values measured using a colourimeter. Process colour curves (Fig. 4) were found to overlap 
based on the level of fines present as with previous studies. At intense mixing conditions it was also observed 
that curves would deviate substantially at a certain level of de-agglomeration - decreasing in dispersion over 
time. This was attributed to the milling of large lactose particles in the blend, which generated more white 
surfaces and effectively ‘dulled’ the overall colour of the blend. Milling was observed to occur for formulations 
containing lower amounts of fine grade lactose (<40wt%), and may potentially be quantifiable using this method.  
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Fig. 4: Process colour curves generated with formulations comprising of different levels of fine grade lactose 
(Lactohale LH230) showing both general mixing and milling. 



 

 

Discussion 

Whilst iron oxide appears to be an effective means of analysing mixture quality and mixing behaviour it does not, 
nor pretend to, reflect the specific mixing behaviour of any specific active ingredient. This method is designed as 
a preliminary scoping tool to better ascertain appropriate or equivalent mixing conditions prior to testing with 
drug blends. Iron oxide does not have the same adhesion/cohesion properties of micronised organic active 
pharmaceutical ingredients for inhalation; however the changes in pigment colour provide insight into energy 
inputs and powder mechanics in the mixing system. If similar changes are observed between two pigmented 
blends then it can be assumed that the powder is undergoing equivalent mixing and hence it can be inferred that 
two identical pharmaceutical formulations at the same two mixing conditions will also undergo equivalent mixing. 

It is believed from experiments and manufacturers specifications that the colour change in the sub-micronised 
iron oxide pigment is highly robust and does not change over time after mixing. The change in hue is a particle 
size effect caused by the de-aggregation of the pigment, and the iron oxide polymorph, hematite, is highly stable 
thermally, thermodynamically and environmentally. It is felt therefore that whilst other pigments could be used to 
obtain information about blend mechanics and characteristics, it would be difficult to obtain the same level of 
information from other pigments due to the robustness and multi-dimensional colour change to the pigment 
when blended.  

The use of iron oxide as a coloured tracer agent appears to be a beneficial in gaining more information about a 
given mixing process and set of operating conditions, and provides a quick and cost-effective means of 
preliminarily scoping process technologies, scales and operating conditions. Pharmaceutical industries 
constantly require the upscale or resizing or manufacturing processes due to varying demands for their products 
and limitations in the availability of process equipment on site. There is certainly potential with such a system to 
analyse coloured blends in different processing equipment and gain a quick feel for the design space of a piece 
of equipment, and the appropriate conditions between process scales to ensure the same level of fine particle 
dispersion, de-agglomeration, blend homogeneity and overall energy input. This would save time and resources 
for industry compared to traditional drug batch testing.  

 

Conclusion 

In this study, a multitude of lactose and iron oxide blends were manufactured in a variety of mixers at different 
scales and operating conditions to assess the viability of iron oxide providing a simple and powerful means to 
assess blend attributes in a dry powder mixing process, as well as give insight into the selection of best 
operating conditions and mixing technologies for a given pharmaceutical product. From analysis of a blend’s 
CIEL*C*h (1976) colour values several attributes of a blend can be quantified and compared with one another, 
including the quality of the blend both in terms of the degree of pigment dispersion and pigment de-
agglomeration, blend uniformity, energy input from the mixer and whether milling is occurring during operation.  
Blend pigmentation is therefore proposed to potentially be employed as a robust time and cost effective means 
of preliminarily assessing a given process and set of operating conditions to ensure the desired degree of mixing 
is achieved with a drug blend, thereby enabling effective process scaling, technology transfer or design space 
determination.  
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