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Abstract: The aim of this study was to investigate the usage of Dynamic Image Analysis for determination of size, 

shape and distribution of granules of microcrystalline cellulose, created by high shear granulation. A series of 

experiments was carried out to analyse the effect of process parameters on a created granule morphology. The 

amount of the granulation liquid and speed of the impeller have a significant effect on the median size granule 

value, the sphericity, the granule distribution width, but also on the granulation process yield.      
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1 Introduction 

Wet granulation is the process by which, with the use of a granulation liquid, a large number 

of small particles of a primary powder mixture can be transferred to a small amount of large 

particles. These modified particles have different properties in comparison with the original 

material. Granulation is an important process, widely used and applied for the aggregation of 

powder clusters in various industries including mineral processing, agricultural products, 

detergents, pharmaceuticals, food and chemicals [1]. High shear granulation is one of the usual 

operations for the modification of powder materials properties in the pharmaceutical industry. 

With high shear granulation, the impeller impacts the powder mixture and ensures movement 

of the powder layers. During this process a binder solution is distributed and the powder mixture 

is compacted and densified. The impeller speed significantly effects the size [2], structure [3], 

shape [4] and strength [5] of the created granules. The particle size and shape significantly 

affect the flow properties, which can be presented as the angle of internal friction [6], [7], [8] 

or as the angle of repose [9]. The amount of granulation liquid is another key parameter for high 

shear granulation. Adding liquid binder to the powder secures the formation of nuclei. The 

nuclei size distribution is a function of wetting kinetics and thermodynamics [10]. The amount 

of liquid added and wet massing time are statistically more significant parameters than the water 

addition rate [11]. The aim of this study was to examine the effect of two key parameters in 

high shear granulation on the size and shape of the created granules. Dynamic image analysis 

(DIA) was used to analyze the shape and the size of the granules. DIA is technique for 

characterization of granules in movement by digitalizing photos of each granule and storing 

them in an image file. The images are used to calculate morphological parameters based on the 

known size and location of the pixels in each image. A series of experiments was carried out at 

different impeller speeds and with different amounts of the granulation liquid. 
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2 Experimental part 

2.1 Experimental material 

Microcrystalline cellulose (Avicel PH101, FMC Biopolymer) was used as the experimental 

powder material, which was obtained from the IMCD group. This material is commonly used 

in the pharmaceutical industry as a binder, lubricant or a solvent in the production of solid 

dosage forms [12]. Avicel average particle size is dmean = 46 µm, bulk density ρB = 333 kg/m3, 

true density ρT = 1580 kg/m3. Granulation liquid was 2 % aqueous solution of 

polyvinylpyrrolidone powder (Biochemica) prepared by a magnetic stirrer at 38 °C. 

2.2 Granulation 

The high shear granulation of the experimental material was implemented in a vertical 

granulator of our own production [13]. The granulator is equipped in the vertical orientation 

with a three-blade bottom-driven impeller and a five-blade horizontal chopper. The material 

batch consists of 0.5 l of Avicel. The chopper speed was set to a constant 1000 rpm. The 

impeller speed varied from 300 to 700 rpm. The granulation liquid was sprayed into the 

granulation chamber through a nozzle using a membrane dosing pump, with a flow rate of 22.5 

ml/min. Wetting time was changed in relation to individual experiments, which were repeated 

three times. Wet massing time was 2 min. After granulation, the created granules were weighed 

and dried in an oven for 24 hours at 60 °C. The dried granules were separated by 0.4 and 3 mm 

sieves. Particles below 0.4 mm were classified as fine, particles within the range of 0.4 - 3 mm 

as product and particles above 3 mm were classified as coarse. The individual fractions were 

weighed again in order to determine process yield in relation to the impeller speed and the 

amount of granulation liquid used. The absolute humidity of the granules was determined as 

the ratio of the weight of the dry granulate relative to the weight of the wet granulate. For 

convenience, this parameter was expressed as a percentage. 

2.3 Dynamic image analysis 

DIA was performed using PartAn 3D [14]. Unlike 2D devices, PartAn 3D measures the third 

dimension of the particle: thickness. Dynamic image analysis has found its application in 

granule research [15], in milling processes [16], [17], in particles analysis [18] or analysis of 

micro tablets [19]. The dried granules in the 0.4 - 3 mm range characterized as product were 

analyzed to find their size and shape and the distribution curve width. The granules were 

characterized volumetrically. The area equivalent diameter Da taken as the equivalent size, was 

obtained from a 3D image of the particles calculated according to (1). 

𝐷𝑎 = √
4 𝐴

𝜋
 (1) 

where A is the area of the examined particles. The particle shape was expressed by sphericity 

(2). 

ϕ =
𝐷𝑎

𝐷𝑝
 (2) 

where Dp is the equivalent perimeter diameter of the particle calculated according to (3). 

𝐷𝑝 =
𝑃

𝜋
 (3) 
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where P is the perimeter of the examined particles. The distribution width of the created 

granules was characterized by span (4).  

𝑠𝑝𝑎𝑛 =
𝑑90 − 𝑑10

𝑑50
 (4) 

where the equation takes into account the tenth (d10), fiftieth (d50), and ninetieth percentile (d90). 

The lower the span value, the more monodisperse the fractional composition is.  

3 Results and discussion 

3.1 Granule size distribution 

Increasing the content of the granulation liquid used in high shear granulation resulted in an 

increase in the median size of granules. Up to an absolute humidity of 50 % (approximately 500 

s of wetting time) the increase of granule size was approximately linear, but when this value 

was exceeded, there was a rapid increase in the median granule size. A similar trend is found 

in [20], but in this work the authors used only distilled water as the granulation liquid. Fig. 1 

shows the dependences between d50 and wetting time for three different impeller speeds. The 

graph shows that a higher impeller speed resulted in an increase in shear deformation resulting 

in more intense granular breakage. It can be seen in the graph that the median size of granules 

decreased in proportion to the increasing impeller speed. At the impeller speed of 300 rpm and 

a wetting time of 590 s the larger granules were created with d50 = 1.975 ± 0.049 mm, while at 

impeller speed of 700 rpm and a wetting time of 640 s d50 was only 1.02 ± 0.014 mm. 

 
Fig. 1 Dependences of the median size of the granules on wetting time, 

 for different impeller speeds. 

Fig. 2 shows the distribution cumulative curve of granule size distribution at the impeller 

speed of 300 rpm for different wetting times. The graph shows that increasing the amount of 

the granulation liquid used for production of granules resulted in significant differences in the 

repeatability of measurements. These differences are shown in the graph in the form of standard 

deviations. The most significant deviations were recorded at the impeller speed of 300 rpm and 

the wetting times of 550, 570 and 610 s. At the impeller speed of 300 rpm, the most significant 

deviation was at the wetting time of 640 s, at which the median value d50 = 1. 255 ± 0.346 mm. 
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Significant particle deformation at 700 rpm resulted in good repeatability of experiments 

coupled with minimal deviations throughout the wetting time range.  

 
Fig. 2 The cumulative size distribution of the granules produced  

for different wetting times at the impeller speed of 300 rpm. 

The effect of the impeller speed was reflected in the shape of the granules formed. The 

sphericity value in Fig.3 corresponds to the average sphericity of all granules from each batch. 

The graph shows that at the lowest impeller speed (300 rpm) granules with a sphericity > 0.9 

were produced only at a wetting time of 470 s (absolute humidity 50 %). Granules with 

sphericity of 1 would have a perfect ball shape. At the impeller speeds of 500 and 700 rpm, a 

granular sphericity value > 0.9 was achieved at a wetting time of 420 s (absolute humidity 47 

%). This finding suggests that granules with higher average sphericity were produced at higher 

impeller speeds. The graph also shows that at a lower amount of granulation liquid used, the 

measurements were accompanied by more significant deviations in the sphericity values. At a 

higher granulation liquid amount, there were no longer any significant differences between the 

different impeller speeds. Based on these findings, granules with a higher mean sphericity can 

be formed at a higher granulation liquid amount.  

When analysing the distribution width of the formed granules, in addition to experiments at 

the impeller speed of 300 rpm, no significant dependences were found. Fig.4 shows graphical 

dependences of the distribution width of the formed granules as a function of wetting time. At 

300 rpm the wetting time had a steady linear trend until 510 s (absolute humidity 52 %) then 

began to decrease, indicating that the granules formed had a monodisperse fractional 

composition. The lowest value of span was at the impeller speed of 300 rpm = 0.904 ± 0.019. 

At higher impeller speeds, the span value initially increased with increasing wetting time and 

then reached a minimum at a wetting time of 500 s (absolute humidity ± 50 %). At the impeller 

speed of 700 rpm, the lowest span value was 0.795 ± 0.002. After exceeding an absolute 

humidity of 51 %, the width of distribution began to increase again as the granulation liquid 

amount increased. 
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Fig. 3 Mean sphericity distribution in dependences on wetting  

time for different impeller speeds. 

 
Fig. 4 The distribution width of the granules produced 

 depending on the wetting time for different impeller speeds.  

Based on the weights of the individual fractions, the yield of the product was determined as 

the weight of the granulate characterised as the product (granules 0.4 - 3 mm), divided by the 

total weight of all the grades. Fig.5 shows a graphical relationship between process yield and 

wetting time for all impeller speeds. The graph shows that the process yield increases linearly 

with the granulation liquid amount, up to the value when increasing wetting time produces no 

changes. At the impeller speed of 300 rpm, this occurred at 52 % absolute humidity, at 500 and 

700 rpm at an absolute humidity of 49%. At 300 rpm, 31.25 % of the experiments had a yield 

of more than 80 %. At 500 and 700 rpm the yield was more than 80 % in 50 % of all 

experiments. Significant deviations in the experiments were rarely observed. As the granulation 

liquid amount increased, the proportion of fine particles decreased. As the impeller speed 

increased, the proportion of coarse particles below 3mm decreased (at 700 rpm < 1g for all 
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experiments). Similar results, however, with different intervals of particle size can be found in 

[21], [22], [23].  

 
Fig.5 Yield of process in dependences on wetting  

time for different impeller speeds. 

CONCLUSION 

The investigated process parameters of the impeller speed and varying amounts of liquid 

delivered have a significant effect on the morphological properties and the distribution of the 

granules formed. As the granulation liquid amount increased, so did the median particle size, 

which was influenced by the impeller speed. Higher impeller speeds resulted in smaller granules 

due to the dynamic action of the impeller, with the same amount of granulation liquid used. 

Longer wetting times resulted in the formation of granules with a high mean sphericity. The 

effect of the impeller on mean sphericity was more significant with granules formed up to ± 50 

% absolute humidity. The most monodisperse granules were formed at a higher impeller speed 

and an absolute humidity value of ± 50 %. As the granulation liquid amount increased, the 

linear yield of the process increased until the state when additional granulation liquid did not 

affect it. At higher impeller speeds, 50 % of all experiments had a product yield of more than 

80 %. At the impeller speed of 300 rpm, a process yield of 80 % was achieved at up to 52 % 

absolute humidity. As the granulation liquid amount increased, the proportion of fine particles 

(< 0.4 mm) decreased. As the impeller speed increased, the proportion of coarse particles (> 3 

mm) decreased. The 3D Dynamic Image Analysis method has proved to be a reliable tool for 

analyzing the distribution size and shape of the granules created by the high shear granulation 

process. 
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List of symbols 

A − Area of projected image (mm2) 

d10 − 10 % of particles under reported particle size  (mm) 

d50 − 50 % of particles under reported particle size (mm) 

d90 − 90 % of particles under reported particle size (mm) 

Da − Area equivalent diameter (mm) 

dmean  − Mean diameter of primary powder (µm) 

Dp − Equivalent perimeter diameter (mm) 

P − Perimeter of projected image (mm) 

φ − Sphericity (-) 

ρB − Bulk density (kg/m3) 

ρT − True density (kg/m3) 
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