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Extrusion-spheronisation is used to generate pellets with high sphericity in the 

pharmaceutical sectors. Cylindrical extrudates are generated by forcing a cohesive paste 

(powdered solids with a small amount of liquid binder) through a screen or extrusion die on to 

a rotating friction plate which promotes breakage of the cylinders into shorter lengths: 

simultaneously, collisions between pellets and with the wall promotes rounding and 

densification. The breakage stage is important in determining the final size distribution of the 

pellets and the time taken for spheronisation to be completed. 

This paper reports a systematic analysis of the breakage stage in extrusion-spheronisation. 

Microcrystalline cellulose-water extrudates were generated by ram extrusion through a single-

holed die and either added to the spheroniser as a set of extrudates of equal length, or by mass.  

Spheronisation was run for short lengths of time to capture the evolution of pellet length and 

shape (determined by image analysis of photographs, see below). Breakage kinetics were fitted 

to a simple first order reaction model (described in detail in [1]) while the evolution of pellet 

shape is compared with geometrical models. The effect of spheroniser speed and extrudate 

diameter were investigated. Approaches for modelling the associated population balance model 

are discussed. 

(a)  (b)  

               Figure 1. Photograph (a) and binarised image (b) used for shape analysis 

 

[1] L. Wang, C.W. Lim, G.Z.L. Ng, S.L. Rough, D. Ian Wilson, Modeling the breakage stage 

in spheronization of cylindrical paste extrudates, AIChE Journal. 67 (2021) 1-11.   
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Dry granulation by roller compactor is a size enlargement technique, widely used in 

pharmaceutical industry because it has several advantages such as no need for liquid binder, 

can be suitable for heat sensitive materials, low cost comparing to wet granulation and it is a 

continuous process. however, one of its major drawback is forming of fines which can lead to 

manufacturer problems such as poor flow ability that can lead to tablet weight variation due to 

inconsistent die filling during tableting and un acceptable content due to segregation of fine 

from granules [1]. 

The aim of this study is to investigate into the possibility of decreasing the amount of fine 

in the outcome granules by concentrating on milling stage as one of the main source of fines 

during the process. The work will focus on the flack crusher and the miller in order to decrease 

the amount of fine in the final granules.  

            

Figure 1. Diagram shows the main parts of roller compactor machine [2] 

[1] C.S. Omar, R.M. Dhenge, J.D. Osborne, T.O. Althaus, S. Palzer, M.J. Hounslow, A.D. 

Salman, Roller compaction: Effect of morphology and amorphous content of lactose powder 

on product quality, International Journal of Pharmaceutics, 496 (2015) 63-74. 

[2] D. Sonam, P. Kulkarni, V. Kashikar, B. Jitendr and T. Manoj. A Review: Roller Compaction 

for Tablet Dosage Form Development. Journal of pharmacy and pharmaceutical science. 2 

(2013) 68-73.  
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Wet granulation is the most common granulation method used in the pharmaceutical and 

chemical industries. Monitoring the microstructure of the granule in the granulation process 

could play a decisive role in obtaining high-quality granules. Due to the complexity, fast and 

opaque nature of wet granulation, it cannot be captured by conventional methods such as lab-

based X-ray imaging techniques. In this study, synchrotron X-ray imaging was employed for 

the first time to investigate the internal real-time pore evolution during the granule nucleation 

process taking place in seconds, based on the single droplet impact method. Binary mixtures 

consisting of acetaminophen (APAP) as the active pharmaceutical ingredient with lactose 

monohydrate (LMH) and microcrystalline cellulose (MCC), and deionized water as a liquid 

binder were used. It was found that granules from coarser and more homogenous powders 

experienced a higher rate of pore evolution during nucleation with a more uniform pore 

distribution. Dynamic wetting studies showed that the crater mechanism was found for most 

binary mixtures with 50 wt. % excipients. The spreading mechanism occurred for MCC with 

the greatest droplet diameter increase, and the Tunneling happened for 90% of fine LMH with 

the highest penetration length. The final granules resulting from the spreading and the 

Tunneling mechanism showed the highest and lowest porosity, respectively. The tensile 

strength and dissolution test results showed that the granules with lower porosity and finer pores 

exhibited higher hardness and a slower dissolution rate.  

 

 

Figure 1. 3D pores volume rendering over time for 50%MCC-50%APAP. 
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Although fluid bed wet granulation provides several benefits, such as ease of automation 

and enhanced manufacturing efficiency by reducing process footprint and cost, it is a time 

consuming and complex unit operation to develop. The granulation rate processes in a fluid bed 

are influenced by several primary input variables (e.g., raw material properties, fluid dynamics 

and granulation/drying operating parameters) [1]. Due to this complexity, several aspects of 

fluid bed wet granulation are often developed either empirically or through trial and error in a 

univariate manner, as means to simplify development. However, these approaches typically 

result in less process knowledge, and ultimately, in a commercial process with a higher 

likelihood of deviations in product quality attributes due to any common-cause variability that 

is not fully understood. 

This work presents a multivariate approach to develop a robust commercial design space of 

a semi-continuous fluid bed wet granulation by reducing development time and resource usage. 

The initial work was performed in a bench top fluid bed granulator to map the interactions 

among the primary input variables and granule quality attributes via a partial least squares (PLS) 

model. This understanding was then used to streamline the experimental design at the 

commercial scale. The dimensionality of the process space was reduced by identifying two 

intermediate variables: moisture accumulation rate (dominant during spraying) and moisture 

removal rate (dominant during drying). Effects of selected primary input variables were 

combined into these intermediate variables, which were then connected to the granule quality 

attributes (e.g., the span of granule size distribution as a function of moisture accumulation rate 

and processing batch size is shown in the below figure). The process knowledge space was built 

combining PLS analysis with experiments followed by a statistical analysis to understand the 

process variability, resulting in the proposal of the final commercial operating design space.  

 

Figure 1. Connecting granulation process inputs with granule properties via intermediate 

variables 

[1] V.N. Emenike, I. Kulla, M. Maus, A. Staab, D. Schröder, A linear scale-up approach to 

fluid bed granulation, Int. J. Pharm. 598 (2021) 120209  
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Food products in powder form are widely produced due to advantageous properties including 

better physical and chemical stability, easy weighing, efficient transport and smaller volume 

for storage [1]. Milk powder in particular has numerous applications in various products, but a 

growing number of consumers are tending towards plant-based alternatives. The Plant-Based 

Milk Alternative (PBMA) model powder investigated in this project, consists of maltodextrin, 

plant protein, vegetable oil and a soluble fiber source, and has tendency to form lumps during 

reconstitution. This lump formation is most likely correlated with the bulk power structure as 

well as the viscosifying and swelling properties of the plant ingredients. For more efficient 

wetting behavior and facilitated water imbibition, the fine food powders are often 

agglomerated. To design targeted particle structures, PBMA powder is produced by spray-

drying of homogenized emulsions followed by fluid-bed agglomeration process. 

To understand how to obtain an optimized structure of PBMA powder for subsequent 

applications, the influence of material properties and process parameters on the formation, 

structure and qualities of the agglomerated powder has to be investigated. Therefore, the 

material properties were examined in dependency of the fluidized bed process parameters for 

different formulations covering various type and quantity of PBMA components. The produced 

agglomerates were analysed regarding particle size distribution, moisture content, surface 

roughness and wettability. The results show that the plant proteins and fibers have a 

predominant influence on the process and product properties. 

 

Figure 1. Lump formation during reconstitution, (A) particles start to swell (red arrows) due 

to water contact (blue arrows); (B) formation of a viscous outer layer leading to the 

aggregation of swelling particles 

[1] B. Cuq, E. Rondet, J. Abecassis, Food powders engineering between know how and science: 

Constraints, stakes and opportunities, Powder Technology, 208 (2011) 244-251  
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Solid moisture content is an important particle property in many applications of fluidized 

beds. The importance on the quality of pharmaceutical formulations make an in-line 

measurement of the moisture content desired. However, this particle property is often measured 

off-line by loss over drying during or after the process which results in a delayed process 

control. Beside the usage of more advanced and expensive methods, such as near-infrared 

spectra-based measurements or the microwave resonance technology (MRT), a promising 

strategy for in-line monitoring of the moisture content is soft-sensing. 

In this work we compare model-driven and data-driven implementation of a soft sensor for 

the drying of Cellets® in a fluidized bed in terms of accuracy and computing speed. The model 

driven implementations are based on mechanistic models and the data-driven implementations 

are based on correlation techniques and machine learning methods such as artificial neural 

networks. The algorithms are developed with experimental data and MRT measurements in lab 

scale and we analyze the influence of different process parameters and material properties on 

the soft sensorôs ability to generalize across other production scales. We then use the predicted 

moisture content together with other in-line measurements as inputs for real-time flowsheet 

simulations of the drying process. These flowsheet simulations pave the way towards the 

development of a digital twin for the autonomous control of fluidized bed dryers.  

 

Figure 1. Artificial neural network for the prediction of solid moisture content based on 

process parameters bed temperature ג, temperature of fluidization and exhaust gas גȟ  and 

ȟג  and moisture content of fluidization and exhaust gas 9  and 9 . The topology is 

shown on the left and a prediction on random samples of a batch dying of Cellets®200 is 

shown on the right.  
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Granulation is an important process in the manufacture of solid dosage forms in the 

pharmaceutical industry. Traditionally, the production of the granules is split into different unit 

operations: High shear granulation, wet milling, conveying of wet granules and fluid bed 

drying. Especially, the wet milling and conveying of wet granules are often challenging process 

steps. 

For the first time, the revolutionary, patent pending TwinPro® system unites two previously 

separate processes, high shear granulation and fluid bed drying, in one batch process. The 

revolutionary fusion of two processes into a single system eliminates the often-critical wet 

milling and conveying of the wet granules. By adjusting the position of the bottom plate, the 

TwinPro® enables classical high shear granulation (closed position) and subsequent fluid bed 

drying in the same unit by lowering the bottom plate, allowing for inflow of drying air into the 

system. 

The unification of high shear granulator and fluid bed drying unit in one plant as well as the 

removal of wet milling and conveying steps results in a reduced footprint of the entire 

granulation process line as well as lowered investment costs in systems and building 

technology. Additionally, overall process time and cleaning demand are reduced, while process 

efficiency and robustness are increased. Furthermore, highly reproducible product quality is 

achieved by precise end point detection via torque measurement. 

Figure 1. Schematic overview of fusion of traditional high shear granulation and fluidized bed 

drying into the TwinPro® process. 
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In fluidized bed spray granulation, the particle moisture content and bed temperature during 

operation are key parameters, which significantly influence the later product properties such as 

flowability and hardness. However, the particle moisture content is usually determined by 

offline measurements based on loss on drying, which is time-consuming and leads to delayed 

process control. Hence, an inline measurement of the moisture content becomes crucial. 

Moreover, the influence of process parameters on the particle moisture content and bed 

temperature should be modeled with the purpose of faster process prediction, which contributes 

to the development of a digital twin for the autonomous control of fluidized bed processes. 

In this work, Cellets® are coated using fluidized bed spray granulation. The particle moisture 

content is measured inline based on microwave transmission. Important process parameters, 

such as the flow rate and the temperature of the fluidization air, the water spray rate and the 

atomization pressure in the nozzle, are varied according to a design of experiments approach. 

The resulting inline particle moisture content and bed temperature are correlated with the 

process parameters using the response surface methodology. Additionally, the dynamic 

behaviour of particle moisture content and bed temperature according to the change of process 

parameters is investigated. The established models are then implemented in the open-source 

dynamic flowsheet simulation software Dyssol [1] and serve for a model-driven soft sensing. 

 

Figure 1. Schematic experimental setup with inline measurement of process parameters and 

particle properties. The correlation is implemented in the dynamic flowsheet simulation tool 

Dyssol. 

[1] V. Skorych, M. Dosta, S. Heinrich, DyssolðAn open-source flowsheet simulation 

framework for particulate materials, SoftwareX, 12 (2020) 1-7.  
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In general, amino acid granules for feed are manufactured in such a way that all moisture in 

the fermentation broth is removed by the evaporation and fluidized bed granulation process. 

Evaporation is one of the most energy-efficient way to remove water, however fluidized bed 

granulation process involving drying is relatively inefficient method in removing water. 

Industrially, the energy efficiency of the evaporation and fluidized bed granulation process can 

be differed up to 10 times or more. For example, in a 5-stage falling film evaporator, about 4-5 

tons of water is removed with 1 ton of steam, whereas in a fluidized bed granulator, about 0.4-

0.5 tons of water can be removed with 1 ton of steam. Therefore, it is good way to remove as 

much water as possible in advance from the evaporation process in order to manufacture 

granules efficiently in terms of energy saving. Viscosity of process liquid is highly increased 

with induction of crystals during the evaporation process, and it is closely related to the 

maximum allowable concentration of the evaporator. Surely, improvement of solubility of the 

amino acid is good strategy in order to increase the maximum allowable concentration in the 

evaporation process. Neutral amino acids such as threonine, tryptophan, valine, isoleucine, and 

leucine have very low solubility in aqueous solution at room temperature of 2-10 g/100 g H2O. 

In this study, the manufacturing method of the neutral amino acid granule for the feed additive 

using calcium hydroxide was developed. Solubility of neutral amino acid is increased with 

increasing the amount of calcium, and it has the high nutritional value as a feed additive. In 

addition, the energy saving by this process was calculated and commercial examples were 

introduced. Fig. 1 shows the effect of mole ratio of calcium to amino acid on maximum 

allowable concentration during the evaporation process of various amino acids. 

 

Figure 1. Effect of mole ratio of calcium to amino acid on maximum allowable concentration 

during the evaporation process of various amino acids  
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Lithium-ion batteries have been widely used in energy storage. Dry production techniques 

show great potential to replace the conventional slurry casting approach [1] [2]. Dry powder 

spreading has been widely used in industries such as metal additive manufacturing [3], and can 

be implemented in battery production. In this work, this method is used with battery material.  

By using Discrete Element Method (DEM), powder spreading of battery material onto the 

current collector was investigated. The effect of different parameters such as blade height, blade 

speed, surface energy and particle shape was investigated. It was found that increasing the 

particle-current collector (PC) surface energy has little effect on powder spreading while 

increasing the particle-particle (PP) surface energy reduces uniformity. It was also found that 

decreasing the speed of the blade increases the uniformity of the powder layer. The increase in 

PP surface energy increases the formation of agglomerates and large clusters which shows a 

non-uniform spreading of the powder. The results presented here offer a basis for the future 

application of powder spreading in battery production.  

 

Figure 1. Illustration of powder spreading in EDEM 

[1] Ludwig, B., et al., Simulation of Micro/Nanopowder Mixing Characteristics for Dry Spray 

Additive Manufacturing of Li-Ion Battery Electrodes. Journal of Micro and Nano 

Manufacturing, 2017. 5(4): p. 1-8. 

[2] Schªlicke, G., et al., Solvent Free Manufacturing of Electrodes for Lithium Ion Batteries 

via Electrostatic Coating. Energy Technology, 2020. 8(2): p. 1900309. 

[3] Frazier, W.E., Metal Additive Manufacturing: A Review. Journal of Materials Engineering 

and Performance, 2014. 23(6): p. 1917-1928.  
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The Drucker-Prager Cap model (DPC) is a widely used for modelling the die compaction 

behavior of metallic, ceramic and pharmaceutical powders. For a good prediction of the density 

distribution using Finite Element Method (FEM), accurate input data (elastic and plastic 

properties) are required [1,2]. Generally, such properties are identified using a commonly 

standard calibration method [3]. In this method, the necessity of measuring the radial stress, 

using instrumented die, enables the determination of elastic properties, hydrostatic and 

deviatoric stress components for the constitutive equations of DPC. By definition, material 

properties are considered as intrinsic to the material and can then be used to simplify larger-

scale finite element simulation of the compaction (other shape and size). However, due to the 

boundary conditions during experiment, the determined material parameters seem depending 

on size and shape of the sample.  

The aim of this paper is to address the question whether the elastic and plastic properties of 

DPC model, obtained by the standard calibration method using full instrumented die, can 

accurately predict compressive behaviors of other compact sizes and shapes using finite element 

simulations. By Considering Microcrystalline Cellulose powder (MCC 102), we demonstrate 

that elastic and plastic parameters of DPC determined using small instrumented die of 1 cm3 

of volume, failled to predict the compaction cycle of a parallelepiped compact measuring 

16x54x13 mm3. To overcome this difficulty, a mixed procedure of calibration combining data 

from small instrumented die and compaction cycle of larger-size compact is proposed and 

applied to cylindrical compacts with diameters of 11, 20, 30 mm and a parallelepiped compact 

(16x54x13 mm3) leading to new material parameters. These latest data were implemented in 

FEM simulations and showed good predictions of the experimental compaction cycle and the 

mean relative density of the tablet. This validation motivated the interest of the proposed 

approach as a compromise between the need for additional radial instrumentation and the 

generation of compaction cycle at the compact scale. 

 

 

 

 

[1] M.D. Riera, J.M. Prado and P. Doremus, Model input data - elastic properties, Modelling 

of Powder Die Compaction, Springer-Verlag London Limited, (2008) 65-76. 

[2] P. Doremus, Model Input data - Plastic properties, Modelling of Powder Die Compaction, 

Springer-Verlag London Limited, (2008) 77-93. 

[3] P. Doremus, Model Input data ïFailure, Modelling of Powder Die Compaction, Springer-

Verlag, London, (2008) 95ï103.   
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The powder die compaction process is widely used in many industrial sectors and allows to 

produce tablets of diverse sizes and shapes. However, the presence of engravings on the 

compacting punch surface induces complex flows leading to heterogeneous density 

distributions. Previous studies using X-ray tomography [1,2] investigated the impact of prints, 

present only on a single surface of the tablet, on the density distribution. Furthermore, a recent 

study [3] analysed the effect of two grooves on the top and bottom surfaces of the tablet on its 

microstructure. The shape of the latter is presented in Fig. 1. However, the question whether 

more grooves, their geometrical parameters and their position on the surface, which can have 

an impact on the density distribution, has not yet been studied. 

In this work, a study of the compaction behaviour of microcrystalline cellulose powder under 

identical punches, with five engravings each one, was conducted. The density distribution was 

then characterized using X-ray tomography and predicted by modelling using the finite element 

method. Afterwards, a parametric study relative to the position and the geometrical parameters 

of the groove was carried out numerically. The impact on the density gradient is discussed. 

Results showed that the presence of engravings, on both the upper and lower punches, 

generated a localized density gradient that can lead to defects in the tablet. The sensitivity 

analysis with respect to the shape and the position of the groove allowed to better understand 

the flow of powder in its vicinity. Future prospects towards the optimization of the groove shape 

are proposed. 

  Figure 1. Groove shape (left), relative density distribution of grooved tablet (right) 

[1] P.R. Laity, Effects of punches with embossed features on compaction behaviour, Powder 

Technol. 254 (2014) 373ï386.  

[2] S. Swaminathan, J. Hilden, B. Ramey, C. Wassgren, Modeling the formation of debossed 

features on a pharmaceutical tablet, J. Pharm. Innov. 11 (3) (2016) 214ï230.  

[3] Alonso Aruffo, G., Michrafy, M., Oulahna, D., & Michrafy, A. (2022). Modelling powder 

compaction with consideration of a deep grooved punch. Powder Technology, 395, 681-694.  
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In this contribution, we present a flowsheet simulation system Dyssol [1], which can be used 

to model a wide variety of interconnected production processes including agglomeration, 

granulation, compaction, or drying [2,3]. The framework is being developed since 2012 within 

a consortium of over 15 German universities and industrial partners. Although the main focus 

of Dyssol is the simulation of dynamic processes in granular materials, it is also able to handle 

steady-state models and fluid phases. The program is open-source and available under the 

permissive BSD license that allows distribution, modification, private and commercial use [4]. 

Due to its flexibility, Dyssol can be easily expanded and supplemented with new models, 

making it easy to customize for specific purposes. It is available for both Windows and Linux 

platforms and comes with comprehensive documentation that covers all aspects of usage and 

model development.  

Financial support from the German Research Foundation is gratefully acknowledged. 

 

Figure 1. An example flowsheet of a two-stage granulation process with external 

classification and milling (left) and a time-dependent change in particle size distribution of 

granules (right).  

[1] V. Skorych, M. Dosta, E.-U. Hartge, S. Heinrich, Novel system for dynamic flowsheet 

simulation of solids processes, Powder Technology, 314 (2017) 665-679. 

[2] M. Buchholz, J. Haus, S. Pietsch-Braune, F. Kleine Jäger, S. Heinrich, CFD-aided 

population balance modeling of a spray drying process, Advanced Powder Technology, 33(7) 

(2022) 103636. 

[3] S.E. Lehmann, M. Buchholz, A. Jongsma, F. Innings, S. Heinrich, Modeling and Flowsheet 

Simulation of Vibrated Fluidized Bed Dryers, Processes (2021) 9 52. 

[4] V. Skorych, M. Dosta, S. Heinrich, Dyssol - An open-source flowsheet simulation 

framework for particulate materials, SoftwareX, 12 (2020) 100572.  
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Production of dried, powdered fish protein hydrolysates from fish processing by-products is 

a method to add value to a low-value by-products. Sardines are a rich source of protein, essential 

oils and minerals, and the processing of sardines into tinned food results in more than 25% of 

their mass ending up as processing by-products [1]. These by-products, heads, tails, viscera, 

like their source, are also rich in nutrients that can be harnessed [2]. This study employed 

enzymatic protein hydrolysis to produce fish protein hydrolysates (FPH) from a mixture of 

sardine heads and tails, and evaluated how the degree of protein hydrolysis (DH), spray drying 

temperature and maltodextrin (stabilizer) concentration affected dry powder recovery and 

powder equilibrium moisture content after spray drying.  

Dry powder recovery for low DH ranged from 0.456 to 0.565 g/g dry feed while that of high 

DH ranged from 0.233 to 0.323 g/g dry feed. A significant amount of dry powder was recovered 

from the walls of the dryer chamber, accounting for 0.332 - 0.452 g/g dry feed for low DH 

sample and 0.624 - 0.817 g/g dry feed for high DH. The difference in dry solids recovery could 

be due to the differences in zeta-potential, where FPH obtained at high DH has a high negative 

zeta-potential. Furthermore, higher DH resulted in higher hygroscopicity in the FPH powder.  

The addition of maltodextrin produced powders with high equilibrium moisture content (Xe) 

at low water activity (aw) of 0.113 and 0.328, regardless of DH or drying temperature. More 

stabiliser reduced Xe for powders exposed to aw above 0.529, but there was no clear relationship 

between maltodextrin concentration and Xe. Qualitative analysis also showed that FPH powders 

lost their flow properties at aw greater than 0.328. Some powders became sticky solid lumps, 

some caked, while others collapsed. The practical significance of this result is that FPH powders 

can be easily handled in any process environment where the aw is less than 0.328 without any 

loss of flow properties. This prevents the unnecessary dilution of protein and the negative 

effects that high maltodextrin levels has on other physicochemical properties such as powder 

solubility and foaming capacity [3]. 

[1] X. Wang, ñNatural bioactive compounds from fish,ò in Natural Bioactive Compounds, 

Academic Press, 2021, pp. 393ï408. 

[2] N. Greyling, A. Bordoloi, and N. J. Goosen, ñOptimising enzymatic conditions of monkfish 

(Lophius vomerinus) heads hydrolysis towards potential waste biomass valorisation,ò Biomass 

Convers. Biorefinery, pp. 1ï12, Mar. 2020, doi: 10.1007/s13399-020-00650-z. 

[3] Y. N. Fawzya, S. M. Nursatya, R. Susilowati, and E. Chasanah, ñCharacteristics of Fish 

Protein Hydrolysate from Yellowstripe Scad (Selaroides leptolepis) Produced by a Local 

Microbial Protease,ò in E3S Web of Conferences, 2020, vol. 147, doi: 

10.1051/e3sconf/202014703017. 
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Powder compression executed with rotary tablet presses requires traditionally an internal 

lubrication to reduce friction between dies, punches and powder. Here, after pre-blending the 

drug and excipients, a subsequent blending step is executed to blend lubricant and pre-blend 

before the material is fed into the feed frame. This may lead to overlubrication due to shear 

forces applied by feed frame paddles and negatively effects tablet hardness, disintegration and 

dissolution time. To overcome these negative effects, a method was tested, where the lubricant 

is directly dosed into the feed frame of the rotary tablet press.  

In this work, internal lubrication and feed frame lubrication were systematically compared 

with focus on tablet properties. The design space included variation of feed frame speed from 

40-120 rpm and lubricant content from 0.5-1.5 wt%. Responses were wetting angle, tensile 

strength, disintegration time, dissolution time and ejection force. Tablets produced with feed 

frame lubrication showed less negative influence on tablet properties compared with internal 

lubrication. Figure one shows exemplary the reduction of disintegration time for variation in 

feed frame speed and lubricant content. 

Due to the additional blending step during internal lubrication, more shear forces are applied 

to the powder, which leads to particle coating with lubricant and overlubrication. However, the 

mixing capacity in the feed frame itself is sufficient for the required blending of lubricant, which 

is consistent with Zimmermann's results [1]. Overall, the feed frame lubrication method reduces 

the need for an additional blending step and has less negative impact on tablet properties. 

  

Figure 1. Schematic representation of the feed frame lubrication (left) and contour plot with 

disintegration time reduction for feed frame speed and lubricant content variations (right). 

[1] M. Zimmermann, M. Thommes, Residence time and mixing capacity of a rotary tablet press 

feed frame, Drug Dev. Ind. Pharm. 47 (2021) 790ï798.  
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Gliclazide is used in the treatment of type II diabetes mellitus and requires twice daily dosing 

using immediate release oral tablets with an average diameter of 11 mm. The aim of this 

research is to prepare appealing orally disintegrating tablets (ODTs) comprising gliclazide 

layered and sustained release (SR) coated micropellets smaller than 250 µm by applying the 

novel MicroCoatÊ technology. 

Gliclazide layered microcrystalline cellulose (MCC) spheres were SR coated with aqueous 

dispersions of ethyl cellulose and hypromellose (80:20) using a fluid bed coater. During SR 

coating the MicroCoatÊ technology was applied whereby magnesium stearate (MS), sodium 

stearyl fumarate (SSF) or colloidal silicon dioxide (SD) were periodically added as dry powder 

glidants into the coating chamber to facilitate micropellet flow and eliminate agglomeration [1]. 

ODTs were prepared by compressing (6, 8 and 10 kN force) 69.5 % w/w co-processed mannitol, 

MCC, carmellose and crospovidone, 30 % w/w SR micropellets and 0.5 % w/w MS). ODT 

hardness, friability and disintegration were measured according to USP standards. An 

additional disintegration method was applied using texture analysis (TA) [2]. In vitro drug 

release from SR micropellets and ODTs was observed using the USP II (paddle) method. 

The application of MicroCoatÊ technology led to high coating process yields of 95-99 %. 

A compression force of 10 kN was found to cause coating rupture so 8 kN was used 

successfully. Regarding the MicroCoatÊ effect on ODT performance, hardness was highest 

following the addition of SD. ODTs comprising MS disintegrated more slowly compared to 

when SSF and SD were used but still occurred in <30 s. SR lasting 15 h was observed from 

ODTs where MS and SSF were added during micropellet coating whereas SD inclusion caused 

fast release. 

Figure 1. Prepared ODTs with intact singular coated micropellets present in the tablet matrix 

[1] Mohylyuk V, Patel K, Scott N, Richardson C, Murnane D, Liu F. Wurster fluidised bed 

coating of microparticles: towards scalable production of oral sustained-release liquid 

medicines for patients with swallowing difficulties. AAPS PharmSciTech. 2020 Jan;21:1-0. 

[2] Abdelbary G, Eouani C, Prinderre P, Joachim J, Reynier JP, Piccerelle PH. Determination 

of the in vitro disintegration profile of rapidly disintegrating tablets and correlation with oral 

disintegration. International journal of pharmaceutics. 2005 Mar 23;292(1-2):29-41.  
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Size control in granulation is of great importance yet is often difficult to achieve. Different 

methods of modelling the growth behaviour and from this determining the size distribution have 

been implemented, with population balance models being common. Discrete Element Methods 

(DEM) Models have been used to obtain collision behaviour statistics, which is then fed into 

other models, but only rarely has it been used to directly model the agglomeration behaviour 

itself. Even then, the behaviour is modelled through the adhesion of a subset of particles in the 

greater bulk.   

Here a novel approach is used which instead models the coalescence (where two or more 

granules combine into a single larger granule) of granules directly, based on the criteria required 

for merging [1]. The criteria for the merging can be tracked directly within the DEM simulation, 

which additionally tracks the porosity and the consolidation (the reduction of porosity and 

subsequent increase in saturation over time) of the granules. The simulation can also be 

observed in detail, which allows insights into behaviours which are difficult to track with large 

scale experiments, such as the differences in locations where consolidation occurs compared to 

coalescence.  

By directly modelling the merging behaviour within the DEM simulation, the effect of 

altering the physical properties of the particles can be observed. Further, by including the 

intrinsic spatial variation induced by segregation, the DEM model demonstrates a distribution 

in the output size. These two outcomes allow for understanding what affects the product 

distribution and in turn may give insights on how to go about narrowing this distribution.  

 

Figure 1. Granule growth behaviour within the DEM simulation, demonstrating induction 

growth and the distribution of sizes. 

[1] W.K. Walls, J.A. Thompson, S.G.R. Brown, Towards a unified theory of wet agglomeration, 

Powder Technology, 407 (2022) 117519.  
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While a sintering paste containing Ag-coated Cu particles is expected to be widely used for 

formation of electrodes and die attachment owing to price competitiveness, change in contact 

states between particles and early oxidation of core Cu during the process, derived from 

dewetting of Ag shells at temperatures near 200 , severely deteriorate the electrical, thermal, 

and mechanical properties by decrease in sinterability. 

In this study, submicron Ag-coated Cu particles were fabricated, which was followed by 

surface modification using dilute carboxylic acids so as to suppress the Ag dewetting. 

Carboxylate groups binded on the surface of Ag-coated Cu particles, and then organo-metallic 

surfaces (COO-Ag) of a rough morphology were formed to reduce surface energy [1], which 

was verified by X-ray photoelectron spectroscopy and Fourier transform infrared spectroscopy. 

The paste containing Ag-coated Cu particles was prepared by mixing with a reducing solvent 

and was printed on a slide glass. Subsequently, a printed film was sintered at 300  for different 

times (1ī10 min). Electrical resistivities of the films sintered using surface-modified Cu@Ag 

particles were significantly lower than those by non-treated ones. The organo-metallic surface 

effectively suppressed the dewetting of Ag shells during heating. Hence, promoted necking 

between particles resulted in the decrease of electrical resistivity. 

 

Figure 1. Schematic illustration of different sintering methods using submicron Ag-coated Cu 

particles 

[1] H. Zhan, J. Guo, X. Yang, B. Guo, W. Liu, H. Shen, X. Wang, W. Tang, F. Chen, Silver 

frameworks based on self-sintering silver micro-flakes and its application in low temperature 

curing conductive pastes, Journal of Materials Science: Materials in Electronics, 30 (2019) 

21343-21354.  
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Twin-screw granulation offers in comparison to high-shear granulation or fluidized-bed 

granulation a continuous wet granulation method. Afterwards a drying step is necessary for 

further processing of the granules. QbCon from L.B. Bohle offers the possibility to dry the 

granules immediately after granulation in a truly continuous fluid bed dryer. Wet granules are 

fluidized through incoming air and transported forward using vibration to the outlet of the dryer 

and meanwhile exposed to hot and dry air [1].  

The drying behaviour of the continuous twin-screw granulator and dryer QbCon® 1 (L.B. 

Bohle, Germany) using temperature and humidity sensors in the drying chamber was 

investigated. The temperature and humidity profiles were recorded using 12 wireless RHTemp 

1000Ex (MadgeTech Inc., US) 0.5 cm above the distributor plate. Dependend on the layer 

thickness of the granules in the dryer, either the granules temperature or surrounding air was 

measured. The dryer was preheated and granulation and drying were performed place for 1 

hour. Only the last 10 minutes of recorded temperature and humidity were used for evaluation 

of the drying process. Profiles were investigated for two different placebo formulation with the 

same drying parameters. Using the profiles, the different drying stages are displayed not in the 

time domain as in traditional batchwise fluid-bed dryer but in the space domain as the granules 

are drying while transportation. The loss-on-drying of the dried granules were 1.76 ± 0.13 % 

(lactose formulation) and 0.67 ± 0.07 % (mannitol formulation).  

                  

Figure 1. Temperature- and humidity profiles of lactose and mannitol formulation along the 

drying chamber of QbCon® 1. 



 

 

 

[1] R. Meier, D. Emanuele, P. Harbaum, Important elements in continuous granule drying 

processes, TechnoPharm, 10 (2020) 92-101.  
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Influence of the roll speed (RS) during roll compaction (RC) on the ribbon solid fraction 

prediction is often neglected. Many postulated models to predict the ribbon solid fraction e.g. 

the Midoux number [1], which can be used for equipment transfer and upscaling, exclude the 

RS as a process parameter. The authors themselves noted that increased RS could weaken the 

predictive accuracy (PA) of the model [1]. The RS can be transferred into a dwell time (DT), 

which was defined the time where the pressure is above 90 % of 0 . The applied values for 

RS were chosen to have equidistant DT steps. 

The effect of the RS on the ribbon solid fraction prediction was systematically investigated 

compressing microcrystalline cellulose (MCC) at several maximum roll pressures (0  and 

DT combinations using the gap controlled roll compactor BRC25 (L.B. Bohle Maschinen + 

Verfahren GmbH, Enningerloh, Germany). The PA of the ribbon solid fraction using the 

Midoux number, a simplified Johanson model, was determined. For a more plastically 

deformable material such as MCC the PA drops from 1.15 to below 0.9 with the highest 

accuracy between a DT of 100 and 66 ms, which corresponds to RS of 2 and 3 rpm. This led to 

prediction accuracies over all 0  of ρȢπς  πȢπσ and πȢωψ  πȢπτ, respectively (Ø  Ó. 

Thus, RS seems to be an important factor in the prediction of roll compaction processes and 

prediction models should include RS as parameter to improve their accuracy. 

 

Figure 1. Prediction accuracy of the ribbon solid fraction with changing DT; individual 

values; ὲ σ. 

[1] R. Sousa, P.C. Valente, M. Nakach, L. Bardet, M. Wacquet, N. Midoux, J.R. Authelin. 

Roller Compaction Scale-Up Made Simple: An Approximate Analytical Solution to Johanson's 

Rolling Theory, J. Pharm. Sci. 109 (2020) 2536-2543.  
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Previous studies have successfully measured granule moisture content in fluidized beds with 

microwave sensors [1]. This allows to operate a fluidized bed at optimal conditions even for 

critical substances, such as amorphous granules. Amorphous substances are relatively common 

in food industry and their characteristics depend highly on the moisture content. In order to 

control the product quality of the agglomerates the inlet gas temperature can be changed, which 

then has to be accounted for. This leads to two major challenges: Precise moisture content 

measurements of amorphous granules at (i) different temperatures and for (ii) a wide granule 

moisture content range. 

Previous sensor systems operating with a single resonance frequency showed limitations at 

high granule moisture content and were not able to cover a wide range of granule moisture 

contents. This paper describes the application of the novel microwave sensor TEWS MW 4200 

working at resonance frequencies of 2 and 6 GHz. The moisture sensor is calibrated with batch 

experiments (Figure) and validated with continuous experiments. Calibration data is gained by 

taking samples throughout the experiment and offline analysis using the gravimetric method. 

For agglomeration in the fluidized bed water is sprayed on maltodextrin DE 20 (Figure). Rapid, 

reliable in-process moisture control at a wide range of moisture contents and different 

temperatures is achieved. Additionally, it is shown how to gain information of the particle size 

from the measurement data. 

 

 

Figure 1. Moisture content over time during batch agglomeration (left), SEM pictures of 

original maltodextrin particles (right top) and maltodextrin agglomerates (right bottom) 

[1] C.B. Buschmüller, W. Wiedey, C. Döscher, J. Dressler, J. Breitkreutz, In-line monitoring 

of granule moisture in fluidized-bed dryers using microwave resonance technology, European 

Journal of Pharmaceutics and Biopharmaceutics, 69 (2008) 380-387.  
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Hetero agglomerates of nanoparticles (NPs) can exhibit novel and superior properties 

compared to their pure components. The new properties can emerge from direct contact of 

different particles (hetero contact) as a result from transfer of charges, mass, heat, forces, or 

moments without the need of chemical reaction of components. The cohesion in nano powders 

(Geldart group C) have long been seen as a problem [1] and it is the cause for fluidizing NPs in 

form of agglomerates. Fluidization of NPs can be assisted in many ways [2]: by mechanical 

stirrers, pulsed gas flow, admix of large particles, centrifugation, acoustic waves, microjets, 

impactor plates, vibration.  

The present study investigates the homo and hetero agglomerate formation of NPs in a 

spouted bed equipment. The spouted bed technique imposes a similar circular motion to the 

solids with additional feature of high air inlet flow velocity that can be adjusted by rolls and 

slits of variable width. It makes issues of expansion, Geldart group obsolete, because particles 

can be intensively mixed and processed quite independently from size, shape, or density [8]. It 

would be easy to combine the spouted bed air jets with centrally placed inverted nozzle to 

improve the stability of process. Hetero agglomeration of nanoparticles in fluidized beds can 

be route to new and superior products. The main objective is to break path for the mixing of 

very small, fluidized particles to hetero agglomerates with new and superior properties. Bridge 

the gap between classical NPs and conventional fluidized particles by including submicron 

particles into the investigation. Additionally, find the level of sub-agglomerate mixing and push 

the level towards individual NPs by application of non-flame, i.e., not sintered, raw material. 

Agglomerate morphology is ideally assessed by imaging technique that resolves single primary 

particles to identify the change of composition in different agglomerates. A method to quantify 

the mixing at sub agglomerate level using EDX analysis will be developed. 

 

 

 

 

[1] J.P.K. Seville, C.D. Willett, P.C. Knight, Interparticle forces in fluidisation: a review, 
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[2] J.R. van Ommen, J.M. Valverde, R. Pfeffer, Fluidization of nanopowders: a review, J 
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Emulsion-based powders, such as infant formulas are produced by spray drying, and the 

stability of the emulsions after reconstitution is of major importance to provide a safe feeding 

of the baby. However, during the production of infant formula, pre-spray drying processing 

parameters, such as concentration of the feed and heat treatment temperature, affect the 

properties of the emulsion powders and consequently may affect the stability of the emulsion 

after reconstitution. Previous studies showed that a significant reduction in energy consumption 

could be achieved by producing spray-dried infant formula from feeds with 60% total solids 

(TS) pasteurized at 75 °C, compared to 50% TS and 100 °C; while obtaining powders with less 

than 7% whey protein denaturation, no loss of available lysine during processing, and improved 

wettability and rehydration [1, 2]. However, limited studies are found regarding the stability of 

reconstituted emulsion powders. 

This study aimed to assess the effect of pasteurization temperature and concentration of TS 

in the feed on the stability of the reconstituted emulsions powders. For this purpose, infant 

formula wet-mixes with 45 or 55% TS were pasteurized at 75 or 100 ºC for 18 s and the powders 

obtained were produced at pilot scale using a GEA Mobile Minor I spray dryer. The 

characteristics of the emulsion feeds and the reconstituted emulsions (12.5% TS) were 

compared.  

The emulsion feeds with 55% TS were flocculated, with large particle size, high apparent 

viscosity, and pseudoplastic behavior. Light microscopy observations of the reconstituted 

powders showed that the flocs were disrupted during spray drying in 55% emulsions pretreated 

at 100°C, while the 55% emulsions treated at 75°C remained flocculated, reducing its stability 

post-reconstitution. The four reconstituted emulsions were mainly stabilized by caseins, 

although ɓ-Lactoglobulin was also detected at the oil-water interface in emulsions preheated at 

75 °C and aggregated in the continuous phase of emulsions preheated at 100 °C.  

In conclusion, pre-processing steps such as heat treatment and concentration of the feed can 

be optimized to improve the energy consumption and powder properties but their impact on the 

properties of the reconstituted powders need also to be assessed in the final product application.  

 

[1] M.R. Arzuaga, D.F. da Silva, E. Xanthakis, K. Aalaei, T.P. Czaja, L. Ahrné. Impact of wet-mix total solids 

content and heat treatment on physicochemical and techno-functional properties of infant milk formula powders, 

Powder Technology 390, (2021) 473-481  

[2] M. R., Arzuaga, K. Aalaei, DF da Silva, S. Barjon, M.C. Añón, A.G. Abraham & L. Ahrné. Infant milk 

formulae processing: effect of wet-mix total solids and heat treatment temperature on rheological, emulsifying and 

nutritional properties, Journal of Food Engineering. 290, (2021), 110194  
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Mass transport phenomena between food, packaging, and the environment is of increasingly 

major concern for the consumer food industry. Growing global pressure on food manufacturers 

to employ less packaging demands understanding and predictability of food microstructure 

stability and substance migration to ensure environmentally friendly packaging with high shelf-

life, while maintaining food safety and organoleptic properties. This work for the first time 

applies dimensional analysis to characterise and model the phenomena of small molecule 

transport from a porous powder compact into the contacting packaging material. It is suggested 

that the extent of mass transfer from the food into its contacting packaging depends on the ratio 

of viscous forces of the migrating substance to the capillary forces due to the porosity of the 

compact. Key physical properties of both forces were summarised in the single dimensionless 

capillary number for both the food compact and packaging. Employment of a single 

nondimensional quantity allowed a direct comparison between the two governing phenomena 

in both materials, leading to a food capillary number Cafood and packaging capillary number 

Capack. Experimental substance migration tests performed with food analogues and model 

packaging were compared to literature values of oleogels de-oiling into paper substrates. This 

technique could be applied to link barrier performance of various food-packaging systems to 

their physical microstructural and rheological properties, and act as a tool to predict and select 

best packaging candidates. 

 

Figure 1. Experimental food capillary number against packaging capillary number, ὸ = time 
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Bio-composites such as nacre or bone show outstanding mechanical properties which 

surpass those of their single components. This is due to their complex structure, in which the 

building blocks of the hard component are embedded in a soft matrix, thus combining strength 

and toughness. The combination of both properties makes such materials particularly 

interesting for several structural applications for instance scratch resistance, lightweight and 

highly-stable coatings and screens. Therefore, there is a great interest to develop scalable 

processes for the production of artificial composites with strong mechanical properties. In our 

previous work, a process route combining a spray drying process with a subsequent warm 

compaction step was identified for the production of those composites. Therefore, submicron 

particles (alumina or iron oxide) are coated with a soft polymer. Through warm compaction of 

the coated particles, a polymer matrix is formed where the hard particles are embedded, thus 

mimicking the structure of bio-composites such as nacre. Several studies with commercial 

particles and polymers, using this process route, were conducted and the interface between the 

polymer matrix and the particles was identified as the weakest point in the produced composite. 

For this reason, the focus of the actual work lies in the optimization of the mechanical properties 

by improving the interaction of the hard and soft components in the composite. By creating 

functionalized particles and coating them with a polymer, that is capable of forming covalent 

bonds to the ligands on the particle's functionalized surface, a stronger interface and with that, 

stronger composites are generated. The mechanical properties of the produced composite 

material are measured by nanoindentation while the composite structure is analyzed by SEM 

and porosity measurements. 

 

Figure 1. Process route for the production of composite pellets using functionalized 

particles by spray drying and warm compaction. 

We gratefully acknowledge financial support from the German Research Foundation (DFG) 

via the collaborative research center SFB986 (project number 192346071). 
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Several industries, including the food, pharmaceutical and chemical sectors, frequently use 

powders. In the compression process known as tableting, a powder that has been packed into a 

small volume is subjected to a uniaxial force. The mechanical strength and porosity of tablets 

are affected by the particle size distribution [1] as well as process variables including 

compression speed and compaction force [2]. 

In this study, the Discrete Element Method (DEM) was used to simulate the compaction of 

dry particles in a tableting process (Fig.1). The purpose of this work is to compare the capability 

of different cohesion contact models from two DEM software namely EDEM (Altair 

Engineering, Troy, Michigan, USA) namely the Hertz-mindlin with JKR and the Edinburgh 

elasto-plastic adhesion model, to simulate the compaction profile during the tableting process 

and predict the porosity/solid fraction and the elastic recovery of the tablets with increasing 

compaction force and dwell time.  

These simulations were then validated and compared with experimental data conducted on 

the STYL'One Evo compaction simulator (MedelôPharm, Beynost, France) to identify needs 

for more precise model calibration or model extension. 

 

   

Figure 1. Snapshot of a DEM simulation for particles clipped up to the middle plane in an in-

die uniaxial compression test, EDEM (Altair Engineering)   

[1] I. Wünsch, J. H. Finke, E. John, M. Juhnke, A. Kwade, International journal of 

pharmaceutics, 2021, 599 

[2] W. R. Mitchell, L. Forny, T. Althaus, D. Dopfer, G. Niederreiter, and S. Palzer, Chemical 

Engineering Science, 2017, 167, 29ï41  
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Many industrial processes use agglomerated powders, composed of various particles, which 

adhere to one another [1]. During powder mixing operations, agglomerates experience a 

complex variety of mechanical stimulations. The agglomerates often break and fragments may 

recombine to form new agglomerates with a different structure. The aim of this work is to study 

the fragmentation phenomenon of agglomerated powders in order to better understand the 

causes and factors affecting the fragmentation process [2,3]. 

 An innovative experimental setup has been built, where an inclined blade applies a 

controlled stress on a thin bed of precipitated silica agglomerates. The shear stress is controlled 

by the translation speed of the blade and the normal stress by the weight of a mass set on the 

blade. A parametric study is performed and the local internal stress tensor, inside the powder, 

is derived from force transducers instrumenting the setup. Granulometric measurements as well 

as qualitative observation of the granular material after shearing is done to complete this study. 

In addition, a theoretical study is carried out using a population balance model in order to 

develop a general predicting tool for the fragmentation behaviour of any sheared powders [4]. 

 

 

 

 

Figure 1. Prototype trolley 

[1] Pietsch, Wolfgang B. Agglomeration processes: phenomena, technologies, equipment. John 

Wiley & Sons, 2008. 

[2] Dumas, T., 2012. Renforcement des pneumatiques par la silice. Caracterisation physio-

chimique et dispersion des granules de silice (Thesis, Ecole Nationale Supérieure des Mines de 
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matrice élastomère (Thesis, École Nationale Supérieure des Mines de Paris). 
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technique for solving population balance equation involving aggregation, breakage, growth and 
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This study aims for amelioration of drawbacks by implemented in fluidized-bed 

homogeneous crystallization(FBHC) system and crystallization zinc sulfide on the granule 

continuously. In this study, the FBHC was used to research impact parameters. The operating 

parameters for FBHC include the pH and [S]/[Zn] and these are optimized to maximize the 

crystallization efficiency of nickel. 99.9% of total removal (TR) and 99.5% of crystallization 

ratio (CR) at [S]/[Zn] = 1.5, pH 8.6 ± 0.3 and an input nickel level of 1960 mg-Zn/L. The crystal 

phases of FBHC products are respectively characterized as ZnS by XRD analysis. The product 

morphology explains the reaction path and mechanism for homogeneous crystallization of zinc 

sulfide. The high crystallization ratio demonstrated that ZnS granule is more competitive than 

the sludge conducted ZnS in batch reactor in terms of solid water content between granule and 

sludge. 

 

Figure 1. Recovery particle as zinc sulfide using fluidized bed homogeneous crystallization  
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The droplet-size distribution of twin-fluid nozzles is a relevant parameter for wet and melt 

granulation. Conventional models only consider the mean value of the droplet-size distribution. 

Therefore, a predictive model for droplet-size distribution was developed. 
 

The droplet-size distribution was determined for a twin-fluid nozzle (970 S4, Schlick) 

experimentally (Spraytec, Malvern) using different spray rates (0.9 to 2.1 kg/h) and atomization 

pressures (50 to 236 kPa). Experimental data were required to parametrize the new model and 

subsequently validate the model performance. For the model development, the Aliseda 

approach [1] predicting the Sauter diameter (eq. 1) and the Maximisation of Entropy Generation [2] 

predicting the distribution (eq. 2) were considered. Each of those models utilizes two parameters, 

which need to be estimated from experimental data. These parameters characterize a specific nozzle 

but are independent from material properties and process conditions. 
 

The new model predicts the droplet-size distribution adequately (Figure 1). Applied to wet or melt 

granulation processes, it is seen to be a sufficient tool to predict particles-size distribution and porosity 

of granules. 
 

ὼ32 =  Ὢ(ὙὩ, ὕὬ, ὡὩ, Ὀὰ, ὦὫ, ‌ὰὭή, ”ὰὭή, ”Ὣὥί, –Ὣὥί) (eq. 1) 

ὗ3(ὼ) =  Ὠ(ὼ32, ὴ, Ὕ, ”ὰὭή, ‖, „) (eq. 2) 

 

 
Figure 1. quotient between predicted and observed quantities of size distribution of the process 

conditions 
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In many industries, spray drying and freeze drying are mainly used to obtain a powder form 

in the final product. On one hand, spray-drying is a continuous process, scalable and widely 

used for different application such as dairy products, active pharmaceutical compounds, oil 

encapsulation éHowever, high temperature is needed to reach moisture content expectations 

and leads to the degradation of heat-sensitive compounds. On the other hand, freeze-drying is 

a batch process using sublimation to preserve the active during drying. It is mainly used for 

pharmaceutical products, microorganism, ...The main limits of the process are energy cost and 

time consumption. An alternative continuous technology, namely electrostatic spray dryer, is 

emerging for drying sensitive product reducing the production cost to compare to freeze dryer 

[1], [2]. In this process, in the presence of the electrostatic field, there is a migration of solvent 

to the surface of the droplet which allows to have a complete drying at low temperatures [3].  

     In this work, this phenomenon is studied to quantify the benefits to avoid degradation to the 

active products like probiotics, enzymes, oil encapsulation and to evaluate the life cycle of this 

new technology.  

Figure 1. Drying curve of droplet temperature in conventional spray drying and electrostatic 

spray drying 
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Wet granulation, such as twin-screw wet granulation, is a multiphase process utilized to 

produce aggregate particles with defined properties from very fine powders. Simulating these 

processes on the microscale is challenging because of the large number of particles involved, 

which differ widely in both size and material properties. Macroscale methods, tracking only the 

particle bulk properties, are efficient but do not resolve disperse particle properties such as the 

particle size distribution (PSD), which is key information for downstream processing. These 

deficiencies are addressed by multiscale methods like population balance modeling (PBM), 

which tracks distributed properties, such as the particle size, by adding them as internal 

variables to the macroscale (CFD) model. Most of available methods to track disperse 

properties are either inaccurate (method of moments) or computationally expensive (Monte 

Carlo, class methods) [1]. Recently a new closure for the method of moments, the quadrature 

method of moments (QMOM), was introduced which allows accurate moment tracking of a 

PSD with the efficiency proportional to a CFD simulation [2]. In this study we propose a 

framework of a maximum entropy reconstruction (MER), which has proven to reliably 

reconstruct PSDs from its moments, coupled to a QMOM as a fast and reliable evolution and 

reconstruction algorithm. Coupling of both methods has several advantages for the 

reconstruction algorithm. Special cases (growth, aggregation or breakage) are utilized to verify 

the framework (see Figure 1 for an example on constant aggregation of particles) and relevant 

numerical as well as theoretical issues are discussed. For validation the framework is 

successfully tested on a twin-screw wet granulation dataset [3]. 

Figure 1. Time evolution of a volumetric particle size distribution subject to spatially 

homogeneous constant aggregation. 

[1] M. Shiea, A. Buffo, M. Vanni, D. Marchisio, Numerical Methods for the Solution of 

Population Balance Equations Coupled with Computational Fluid Dynamics, Annu. Rev. 
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Wet granulation processes are difficult to scale up because conventional methods require 

ample experimental data at scale to determine the most favourable operating conditions. 

Therefore, an approach is required which is based on scientific understanding of the wet 

granulation process, key operating conditions and performance indicators. A systematic model-

driven framework can facilitate this scale-up process by reducing the number of experiments 

required, particularly at large scale. Such an approach helps to design large-scale experiments 

and reproduce desired experimental outcome observed at small scale which is needed for a 

successful process scale up. 

This case study demonstrates the workflow of a scale-up campaign for high shear wet 

granulation processes using a dimensionless regime analysis approach. The workflow includes 

calibration and validation of a regime analysis model for high shear wet granulation. 

Calculations were made at small scale for dimensionless numbers such as pore saturation, 

Stokes deformation number, dimensionless penetration time and spray flux. These parameters 

are used to construct nucleation and growth regime maps at small scale. Additionally, the 

calibrated maps are validated using large (or pilot) scale experiments. To scale up the 

granulation process, the calibrated regime maps were applied to identify the optimal operating 

range at the large scale. The outcomes show that regime analysis approach is useful for high 

shear wet granulation scale up. 

  



 

 

 

33. COMPACTION PROCESS DESIGN AND TECH TRANSFER AT 

DIFFERENT STAGES OF DEVELOPMENT 

Stefan Bellinghausen1, Jianfeng Li2 & Dana Barrasso2 

1 Siemens Process Systems Engineering, London, UK 

2 Siemens Process Systems Engineering, Parsippany, NJ, USA  

E-mail: s.bellinghausen@psenterprise.com 

 

Roller and tablet compaction are key process steps in the production of pharmaceutical 

tablets. Because experimental data is limited or costly at early stages of development, an 

efficient process development workflow is key to make efficient use of the data available. A 

range of modelling solutions are available to understand the process behaviour and predict 

suitable process conditions for the different stages of development. However, the selection of 

the most appropriate modelling and experimental methodology for a given problem remains a 

challenge in pharmaceutical process development. The overall objectives of employing these 

solutions are to design the production process with minimal experimental effort and to reduce 

process variability to meet product specifications. 

In this work, we will present an efficient design workflow for compaction tech transfer from 

compaction simulator to production equipment. This design workflow is based on science-

based models that are calibrated using targeted experimentation, taking into account the typical 

data available at different stages of pharmaceutical development. Additionally, more advanced 

modelling solutions will be described that build process understanding under uncertainty and 

minimise tablet-to-tablet variability. 

  



 

 

 

34. MICROPELLET COATING FOR TASTE IMPROVEMENT OF 

PAEDIATRIC FIXED DOSE COMBINATION ANTIMALARIAL 

THERAPIES 

Dina Shokry1, Alan Reader1, Sangeetha Marri1, Daniel Baker1, Kavil Patel2 & 

Fang Liu1,2 

1 University of Hertfordshire, College Lane, Hatfield, UK  

2 Fluid Pharma Ltd., Windsor House, Harrogate, UK 

E-mail: kavil@fluidpharma.com 

 

Malaria is one of the most devastating diseases on the planet with children aged 6 months to 

5 years amongst the worst affected. Artesunate (AS)-Amodiaquine (AQ) are included as a fixed 

dose combination in current WHO guidelines, however, AQ is renowned for its poor 

palatability, leading to incompliance in paediatric populations. The aim of this work is to 

develop a fixed dose combination of taste masked AS/AQ micropellets (diameter <250 um) for 

oral administration in young children. 

AS and AQ were separately spray layered onto microcrystalline cellulose (MCC) in a 

modified bench top fluidized bed coater. The AQ layered micropellets were taste mask coated 

using 80/20, 77.5/22.5 and 75/25 ratios of organic ethyl cellulose (polymer) and hypromellose 

(pore former) solutions at 10, 15 and 20 % coating levels (CL). MicroCoatÊ technology was 

applied during coating whereby powdered magnesium stearate was added into the coating 

chamber via an external feeding port. Micropellet diameter was measured using laser 

diffraction. Drug release from coated micropellets was measured in vitro using USP II 

apparatus. Taste masking was determined in vitro by dispersing micropellets in 10 mL of 

deionised water and comparing release to a known bitterness threshold. Concentrations of AQ 

and AS were quantified using UV and HPLC analysis, respectively. 

By applying MicroCoatÊ technology, yield for all coating trials was >95 %. AS release 

(>90 % in 5 min) was observed from layered micropellets. At 10 % CL AQ release was too 

slow from micropellets coated with an 80/20 ethyl cellulose/hypromellose ratio and too fast at 

a 75/25 ratio. At a 77.5/22.5 ratio and 10 % CL AQ release was acceptable, however, taste 

masking was incomplete with 0.17±0.01 mg/mL release after 1 min (bitterness threshold 

identified at 0.069 mg/mL). To improve taste masking the 77.5/22.5 coating level was increased 

from 10 to 15 %. As the thickness of the coating increased, AQ release remained within the 

acceptable limits and taste masking was achieved (0.01±0.00 mg/mL). The AS layered 

micropellets and taste masked AQ micropellets were measured to have an average particle 

diameter of 179 and 225 µm, respectively. 

Figure 1. Percentage of AQ released from 77.5/22.5 (EthocelÊ/MethocelÊ E5) coated 

micropellets at different coating levels versus time (minutes). 
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In fluidized bed granulation and coating, the spraying of the liquid is one if not the most 

critical step in terms of later product properties and application. The injection of the solid-

containing solution into the particle bed and atomization into droplets depends on several 

parameters such as the type and location of the nozzle, the liquid properties, and the spray 

related process parameters, e.g. the liquid mass flow. By influencing the characteristic of the 

injected droplets, these parameters also have an effect on the solid-liquid interaction at the 

particle surface and, thus, the structure of the produced granules. 

In this work, the liquid injection in the granulation process and its influence on the granule 

structure are investigated. First, the spray pattern of the two-fluid nozzle is analyzed by 

recording the spray cone with a highspeed camera at varied spray parameters and evaluating 

the recorded images with regard to the cone angle. It was found that the shape of the spray cone 

is mostly influenced by the air pressure applied at the two-fluid nozzle. Furthermore, 

granulation experiments were performed in a lab-scale fluidized bed using Cellets®500 as 

primary particles and sodium benzoate as coating material. Experiments were carried out at 

varied spray conditions. In order to investigate the influence of the changed parameters, the 

granules were characterized concerning their surface morphology using confocal laser-scanning 

microscopy and scanning electron microscopy. A significant effect of the liquid spray rate and 

spray air pressure on the surface structure could be observed. However, to fully understand the 

phenomena causing these different coating structures, thermal conditions in the fluidized bed 

also have to be considered. 

 

Figure 1. Scheme of a fluidized bed spray granulation with highspeed camera image of the 

spray cone and SEM images of uncoated and coated particles.  
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During reconstitution of food powders, material swelling can lead to extensive lump 

formation and thus a significant delay in complete rehydration. Powder granulation has been a 

frequently applied approach in the food industry to improve reconstitution by reducing the 

wetting time and reducing the risk for lumps. The positive effect of powder granulation can be 

partially ascribed to the resulting lower surface to volume ratio of particles and higher inter-

particle pore space leading to slower particle swelling upon water contact and reduced pore 

clogging by swelling respectively. Changes in recipes of food powders which includes the use 

of an ingredient with higher swelling capacity, can lead to more pronounced lump formation if 

the particle structure is not adapted accordingly. To avoid a deterioration of reconstitution 

performance upon recipe adaptation, a prediction of swelling behaviour of material mixes as 

well as the tendency of lump formation for a given powder structure is required.  

In the presented study we showcase how an analysis of the swelling behaviour of food 

materials in combination with advanced structural analysis of a powder bulk can be used to 

predict the lump formation tendencies of food powders. For this purpose, powders with 

different structures were produced by spray drying and a subsequent granulation step (roller 

compaction, fluidized bed agglomeration) and subjected to XRD-scans to get accurate data of 

the powder bulk structure. Stepwise digital dilation of the powder bulk 3-D structure was used 

to imitate the swelling of the powder bulk and thus predict the order in which the powders 

would clog in contact with water in a Washburn set-up (Figure 1). Water penetration was 

simulated using the software Geodict. The prediction from the digital swelling simulation were 

successfully validated in imbibition experiments with powder containing pea protein.  

To implement similar prediction tools for industrial application, faster and simpler methods 

as well as a better understanding of the role of material swelling during the reconstitution are 

needed and should be investigated in future studies on powder reconstitution. 

  

Figure 1. 3D visualization of a food powder before digital swelling (left) and after (right)  
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The coating processes of particles have importance for many industries such as 

pharmaceutical, food, and chemical industries. Fluidization is one of the most important 

processes for particle formation. Fluidized beds (FB) are preferred to mechanically agitated 

beds because of good mixing, homogeneity, high heat and mass transfer rates. Coating particles 

in a spray fluidized bed (SFB) is the conventional way of coating particles. The coatings with 

SFB are usually thicker than 30 µm since the droplet size is large, the mean droplet size is 

around 40 µm in diameter [1,2]. 

In this study, an aerosol fluidized bed (AFB) is used to coat particles. A new aerosol 

generator is used to get coating solution droplets smaller than 1 µm in diameter. Glass particles, 

which have a mean diameter of 653 µm, were used as a non-porous core material and the coating 

solution was sodium benzoate (NaB). Scanning electron microscope (SEM) pictures were 

analyzed by MATLAB image processing program for evaluating the coverage with the 

curvature effect. Monte - Carlo (MC) simulation was used to simulate the coating of fluidized 

particles by aerosol droplets. The purpose of this work is the determination of possible island 

growth on particles, and the investigation of the reasons of it by comparing the experimental 

and simulation results with innovative changes. 

  

Figure 1. SEM picture of the patchy coated particle 

[1] R. Zhang, T. Hoffmann, and E. Tsotsas, Novel Technique for Coating of Fine Particles 

Using Fluidized Bed and Aerosol Atomizer, Processes, 8 (2020) 1525. 

[2] M. Mezhericher, C. Rieck, N. Razorenov, and E. Tsotsas, Ultrathin coating of particles in 

fluidized bed using submicron droplet aerosol, Particuology, 53 (2020) 23ï29.  
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Over the last decades a major challenge in pharmaceutical technology is to establish methods 

for continuous operation due to a switch of the production focus [1]. For granulation as a key 

unit operation in powder handling to enlarge the particle size and enhance the flowability [2], 

the use of planetary roller granulators is a promising alternative for melt processing. 

The fundamental of the modular process concept (Figure 1) is the rotation of a central 

spindle, which drives free-flowing planetary spindles in a surrounding roller cylinder due to the 

toothing of all these components. Therefore, the orbital motion is commutated, while the 

rotation is opposed. In addition, the central spindle as well as the roller cylinder are heated 

independently. This leads to an enhanced ratio of free process volume to generated and heated 

surface, which is favourable in terms of process control.  

In this work, continuous melt granulation with planetary roller granulators has been 

evaluated experimentally for a constant formulation with a focus on several process related 

aspects. This includes the identification of an operating window with respect to processing and 

equipment limitations as well as the impact of process parameters (feed rate, rotation speed, 

free process volume) and equipment parameters (screw configuration) on the processing 

conditions. Thereby the particle size distribution of the product is the key indicator for the 

granulation performance, while the mechanical and thermal energy input represent the heating 

mechanism and the residence time distributions is a feedback on the transport mechanisms.  

 

Figure 1. Radial cross section of a planetary roller granulator (left) and axial cross section of 

the modular machine concept (right) 

[1] H. Leuenberger, New trends in the production of pharmaceutical granules: batch versus 

continuous processing, European Journal of Pharmaceutics and Biopharmaceutics, 52(3) (2001) 

289- 296. 

[2] P. Serno, P. Kleinebudde, K. Knop, Granulieren: Grundlagen, Verfahren, Formulierungen, 

Editio-Cantor-Verlag, (2007).   
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A tablet consists of the drug, the active pharmaceutical ingredients (API), and the other 

components, excipients. The tensile strength of a tablet is one of the most important outcome 

parameters of compression as it will need to withstand coating, packing, and shipping stresses 

but also not affect the dissolution time. Currently, there is a lack of understanding of why 

excipients improve the bulk powder properties and the bonding mechanisms of the powder 

during compression. This makes tablet formulation development an inefficient trial-and-error 

process that is needed for every new API (1). Therefore, there is a need to understand the 

fundamentals of the bonding mechanisms of the powder during compaction. In literature, 

surface energy of the powders contribute a significant amount towards the tensile strength (2) 

as hydrophobic powders, which have a lower surface energy (3), are seen to disrupt the tablet 

strength significantly (4,5). 

     Additives with differing levels of hydrophobicity were mixed into microcrystalline cellulose 

(MCC) at different mass fractions to measure the effect the additives had on MCC tabletability. 

There was focus on a lower mass fraction (0.02-0.1 V/V) with increasing increments of 0.02 

V/V as well as gaining a full picture (0.2-1 V/V) with increments of 0.2 V/V. 

    The aim was to investigate the impact of the hydrophobicity of additive powders on 

tabletability of microcrystalline cellulose (MCC). This was done by mixing powders of varying 

hydrophobicity into MCC at varying mass fraction. There was focus on a lower mass fraction 

(0.02-0.1 V/V) with increasing increments of 0.02 V/V as well as gaining a full picture (0.2-1 

V/V) with increments of 0.2 V/V. 

    It was found at low mass fractions (0.02-0.4 V/V) of additive added the hydrophobic powders 

disrupted the tablet strength more compared to hydrophilic powders which could be attributed 

to the levels of surface energy of the additive. In contrast, at higher mass fractions (0.6-0.8 

V/V), it is hypothesised that the deformation mechanisms of the additives which governed the 

tensile strength of the tablet. 

[1] Reynolds GK, Campbell JI, Roberts RJ. A compressibility based model for predicting the 

tensile strength of directly compressed pharmaceutical powder mixtures. Int J Pharm. 531(1)  

(2017) 215ï24.                                                                                                                                                                                                          

[2] Sun CC. 4 Role of Surface Free Energy in Powder Behavior and Tablet Strength. In: 

Adhesion in Pharmaceutical, Biomedical and Dental Fields. 2017. p. 75ï88.                                                                             

[3] Sunkara D, Capece M. Influence of Material Properties on the Effectiveness of Glidants 

Used to Improve the Flowability of Cohesive Pharmaceutical Powders. AAPS 

PharmSciTech.19(4) (2018) 1920ï30.                                                                                                                                                                                             

[4] Zuurman K, Maarschalk KVDV, Bolhuis GK. Effect of magnesium stearate on bonding 

and porosity expansion of tablets produced from materials with different consolidation 

properties. 179 (1999) 107ï15.                                                                                                                                                                                

[5] Mishra SM, Rohera BD. Mechanics of tablet formation: a comparative evaluation of 

percolationtheory with classical concepts. Pharm Dev Technol. 24(8) (2019) 954ï66..   
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To ensure constant powder properties of agglomerated skim milk powder, suitable product 

quality characteristics and monitoring of the spray drying and agglomeration process 

parameters are necessary. On the one hand, data such as mass flow, temperatures and air 

moisture are already being recorded continuously. Product quality characteristics such as 

particle moisture or particle size, on the other hand, are frequently only analyzed off-line in the 

laboratory. Slowdowns occur as a result of manual sampling, transportation from the plant to 

the laboratory, preparation and execution by the operator.  

Continuous on-line measurement techniques overcome the disadvantages of sampling, 

especially if multiple process parameters or replication measurements are desired. Furthermore, 

any undesirable changes in the process can be addressed directly by using this data within the 

process control strategy. In this work, near-infrared spectroscopy (NIR), capacitive moisture 

measurement (CM) and in-line particle size measurement using spatial frequency filters (IPP) 

are employed. The scope of this work was to calibrate these sensors within a two-stage 

continuous pilot scale spray agglomeration production process for skim milk powder.  

A fluidized bed is mounted underneath the spray drying chamber in this configuration. The 

particles generated in the spray dryer are agglomerated directly in the fluid bed, which is 

equipped with a variety of sensors (NIR, CM, IPP). Fluidization velocity, temperature, and the 

amount of moisture injected into the system were varied using a full factorial design as a 

framework. IPP was used to monitor particle size growth, while CM and NIR were used to 

determine particle moisture. The acquired NIR spectra are used to develop a mathematical 

model using multivariate data analysis (PLS regression). Several pre-processing methods were 

evaluated and tested for their suitability as a basis for model building. The off-line moisture 

content determined by Karl Fischer titration of the taken samples was used to validate the 

moisture content predictions (CM and NIR). Beyond product moisture, NIR measurement 

reveals spectral pattern fluctuations such as the light scattering by the fluidized bulk or baseline 

shifts, which can be used to correlate other derived quality characteristics such as particle size 

distribution or atomizing nozzle condition. Predictions for the particle size could be validated 

using IPP. 

Complex processes such as continuous spray agglomeration require advanced measurement 

technology for dynamic control. The generated model should allow an assessment of the current 

agglomeration behavior based on the recorded NIR spectra. Hence, process control can be 

improved, such as determining the optimal injection of binders or responding to raw material 

fluctuations, consequently increasing operation time and yields. In the context of large-scale 

industrial food manufacturing, long process times and constant process conditions make it 

challenging to expand the data set that would be needed for the application. The specific 

application in the continuous semi-industrial pilot scale process can serve as a bridge to the 

industrial application, where the goal of on-line measurement has been defined for many years, 

but has only been applied in a few cases.  
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Agrochemical formulations like Water Dispersible Granules (WG) and Water Soluble 

Granules (SG) are prepared from blended powders constituting of solid active ingredients and 

co-formulants. These powder blends are subjected to particle size reduction in order to meet a 

certain particle size specification. Particle size reduction of the powder blends is attained by 

using Jet (or Air) Mill - a technology capable of reducing primary particle size to <10 µm (D50), 

often, with a single pass.  

Particle Size Distribution (PSD) is a critical confounding variable that impacts downstream 

granulation and performance. Traditionally, identifying the jet milling conditions for a product's 

PSD has relied on trial-and-error. The efficient alternative to the trial-and-error method is - a 

precision and data-driven approach of defining a model for the jet mill parameters. Models are 

particularly necessary for difficult-to-mill powder blends, where optimal processing conditions 

may not be intuitive.  

In this work, complex powder blends, were subjected to a comprehensive range of milling 

conditions, yielding an expansive dataset. The ultimate target was to optimize the jet mill 

process and establish better controls using the predictive model. This work explored the 

relationship between the independent variables: feed pressure (psi), grind pressure (psi), ɲ 
between both pressures and product inlet feedrate (kg/hr), and dependent variable: particle size 

distribution (D50, D90) of the outlet product. Additionally, interactions amongst the 

independent variables, were also studied when defining the fit model, to gauge the influence on 

the resultant particle sizes.  

 

Figure 1. Particle Size D50 vs. Interaction Profiles generated via Fit Model  
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The cohesiveness of powders causes formation and breakage of agglomerates, yet 

cohesiveness is broadly ignored in Discrete Element Modelling (DEM) powder mixing. This 

paper presents a DEM investigation into the effect of cohesiveness on the mixing performance 

in a geometrically realistic high-shear mixer. The adhesive contact law of Johnson-Kendall-

Roberts (JKR) [1] and the Hertz-Mindlin [2] are employed to compare the behaviour of 

cohesive and non-cohesive particles. The quality of mixing is quantified using a non-sampling 

Subdomain Mixing Index (SMI) [3] method. The mixing quality is analysed considering 

particles with properties within the representative range for pharmaceutical formulations. The 

flow regimes are also characterized for different fill ratios to determine the optimum loading of 

the mixer. SMI regime maps are obtained as functions of surface energy (which determines 

adhesion between particles) and fill ratio (a process parameter) at different times during the 

mixing process. 

     The paper has two contributions. First, it shows particle clustering under the effect of 

adhesive forces in a high shear mixer; these clusters may break down under the effect of the 

impeller. Optimal mixing requires a certain level of cohesion; however, highly cohesive 

powders present poor mixing behaviour. Second, an inherent limitation of the SMI methods 

was identified with regard to the selectio of the subdomains in terms of both size and geometry; 

therefore, the SMI values should be interpreted relatively for practical purposes. 
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     High shear wet granulation (HSWG) is an common unit operations in manufacturing of 

tablets that minimises segregation, facilitates desired content uniformity within granules, 

improves powder flowability thus preventing tablet weight variability [1], [2]. This shows that 

HSWG is an important unit operation that can influence granule and tablet CQAs. 

This study presents an opportunity of predicting granule and tablet properties through torque 

measurement of the granulation bowl and the force exerted on a probe within the powder bed. 

    The results showed that the torque and Lenterra force in-line measurements are providing 

unique rich information about the granulation process (see Figure  and Figure ). The Lenterra 

force probe is more sensitive during the water addition phase (see Figure ). The model 

developed from Design of Experiment (DoE) matrix and evolutionary equation discovery show 

that the cumulative force during water addition in high shear granulation process has a strong 

contribution towards tablet tensile strength. The capability to predict tablet tensile strength and 

rotary press compaction force from upstream data will minimises waste and eliminates operator 

trial runs to get the best compression machine settings. 

 

 

Figure 1. Torque measurement during 

granulation 

 

Figure 2. Force measurement during 

granulation 

 

 

[1] I. P. Gabbott, F. Al Husban, and G. K. Reynolds, ñThe combined effect of wet granulation 

process parameters and dried granule moisture content on tablet quality attributes,ò Eur. J. 

Pharm. Biopharm., vol. 106, pp. 70ï78, 2016 

[2] J. Dun and C. C. Sun, ñStructures and properties of granules prepared by high shear wet 

granulation,ò Handb. Pharm. Wet Granulation Theory Pract. a Qual. by Des. Paradig., pp. 119ï

147, 2018  
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Powders and granules are commonly compressed into tablets. During production, heat 

evolving from friction, elastic and plastic deformation and fragmentation of materials can affect 

tablet characteristics [1]. In that respect, the evaluation of tensile strength serves the assessment 

of tablet quality, due to its importance for handling and possible influence on disintegration and 

drug release [2].  

In this study, the heat sensitivity of two commonly used binders with identical chemical 

composition but varying particle size distribution was investigated. The binders used were 

either HPC SSL (x50 = 61 µm) or the finer quality HPC SSL-SFP (x50 = 18 µm) (Nippon Soda, 

Japan). Binary mixtures composed of lactose and the binder were produced at a ratio of 9:1. 

The temperature increase during tableting was mimicked using a tablet press equipped with a 

thermally controlled die set to either 22, 30, 50 or 70 °C (STYL'One Evo, Medelpharm). The 

die was filled manually after lubrication with magnesium stearate. 

The tabletability of both mixtures was evaluated and compared. When tableting is performed 

under elevated temperatures, the mixture containing HPC SSL-SFP (b) proved to be more 

sensitive to heat, as the increase in tensile strength is more pronounced than for the mixture 

with HPC SSL (a).  

 

Figure 1. Change in tensile strength for different tableting temperatures. Binary blend 

containing lactose and (a) HPC SSL (b) HPC SSL-SFP (ὼӶ  sd, n=10).  

 

[1] E.J. Hanus, L.D. King, Thermodynamic effects in the compression of solids, J Pharm Sci. 

57 (1968) 677ï684. 

[2] C.C. Sun, Decoding Powder Tabletability: Roles of Particle Adhesion and Plasticity, Journal 

of Adhesion Science and Technology. 25 (2011) 483ï499.  
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Many products are coated to protect against damage or moisture ingress, to change 

dissolution rates or to provide functional surface properties. Dry powder coating is often 

favourable to traditional liquid coating approaches due to the environmental benefit of being 

solvent-free. However, dry powder coating is often wasteful, with excess coating material 

added and mixing time applied to ensure sufficient coverage. 

In this work we present a regime map for dry powder coating of particles, whereby the 

surface area coverage of the host material is related to particle properties and process conditions 

of the coating system. From DEM simulations we demonstrate that the relevant properties of 

guest and host particles can be accounted for by a single value, namely the granular bond 

number. Process parameters are shown to be well represented by the Stokes deformation 

number, a ratio of mixing energy to the cohesive energy of the particles. The developed regime 

map enables the number of impeller revolutions required to achieve the desired surface 

coverage to be defined, based on the size, density and surface energy of the guest and host 

materials. 

Furthermore, some powders exhibit significant surface energy heterogeneity. Here we 

introduce approaches for simulating such heterogenous particles and show the influence this 

has on the overall surface coverage. 

 

Figure 1. Regime map showing Surface Area Coverage (SAC)   
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Most powder products contain a mixture of materials which vary in terms of particle size, 

density and cohesion. These differences in particle properties lead to segregation phenomena 

through a variety of mechanisms. In this work we present an experimental approach to assess 

mixing rates and segregation tendencies in an agitated vessel using a modified FT4 Powder 

Rheometer. Mixing rates are determined based on size and density ratios. 

We also present DEM simulations of this system, which show the influence of absolute 

particle size and size and density ratio effects which agree with the experiments. DEM is also 

used to establish the influence of cohesion on the mixing/segregation rate; with a relationship 

developed to predict the degree of mixture quality (mixing index) from the energy input and 

the energy of particle contacts. The energy of particle contacts can be determined from the 

surface energy of the powders along with either (i) DEM contact information, or (ii) the particle 

size distribution. The former gives a more robust relationship, but requires simulation of the 

system, whilst the latter still gives a strong relationship and only requires information which 

can be experimentally measured, thus lending itself to industrial application. 

Furthermore, the DEM simulations establish the influence of impeller speed on mixing rates. 

For cohesionless systems it is shown that increasing impeller speed reduces mixing rate since 

fines have less time to backfill transient voids, whilst for cohesive systems mixing improves 

with impeller speed due to cohesive clusters of fines being more easily dispersed. 

 

Figure 1. (a) the sectioned FT4 vessel used to assess mixing index (b) influence of particle 

size ratio on mixing rate (c) the developed relationship to predict mixing rate (black line) 

mapped against systems of varying cohesion  

(a) (b) (c) 
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Multiple Unit Pellet Systems (MUPS) are frequently applied to deliver drugs in small entities 

(pellets) with modified drug release. To achieve this, drug-containing pellets are coated with 

functional polymer layers that delay or sustain the drug release. To protect the API-containing 

core during the whole process chain of blending the coated pellets with excipients, flowing, 

feeding, and finally compacting the blend to a tablet, the coating layer around the pellets must 

stay perfectly intact. 

In this study, the influence of different sub-processes in rotary tablet presses, namely feeding 

and compaction, on pellet coating integrity was systematically elucidated. On the formulation 

side, different pellet coating approaches, including the application of outer cushioning layers, 

and different deformation behaviours of the blended powders were studied. The compaction 

sub-process showed the greatest influence on coating integrity by the main compression stress. 

Here, an additional (non-enteric) cushioning coating could shield the enteric coating from 

mechanical stresses and improve the integrity of pellets also at high compaction stresses. 

Additionally, this can economically reduce the necessary amount of enteric coating applied. 

In the feeding process, a forced paddle feeder was investigated as it is commonly applied on 

industrial rotary presses. Here, shear stresses are applied to the pellets. The shape of the spokes 

of the paddle wheel as well as small changes in characteristic geometric measures within the 

feed frame showed a distinct influence on the damage of the pellet coating. Coating damage, 

measured as premature model drug release, was shown to linearly increase with residence time 

in the stressing volume of the paddle feeder, but could be reduced by formulation parameters 

(cushioning coating, lubrication) or technical changes in the feed frame. Further, the additivity 

of the damaging effects of these subsequent sub-processes, feeding and compaction, is studied. 

 

Figure 1. Illustration of influences on pellet coating integrity over a typical tabletting process 

chain  
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The importance of real-time controlling the production processes in pharmaceutical industry 

is growing, to ensure a precise reproducibility, especially regarding modified release solid 

dosage forms, and to spare materials, shorten the process time and, consequently, save money. 

In this study the coating process in pan was taken in consideration, different coating materials 

were tested, the process was monitored by NIR to determine the weight gain and the coating 

thickness of the coated tablets in real time. To establish the correlation between the physical 

properties of the tablets and the response of the NIR device, the tablets were coated in coating 

pan (Freund-Vector LDCS Pilot) monitoring the process by a full-spectrum NIR device (Viavi 

Solutions MicroNIR PAT-U) and measuring the thickness and the weight gain off-line. The 

measured values were compared with the NIR response using chemometric methods: PCA, 

PLS, calibration and cross-validation method. To demonstrate the independency from the 

coating material used to achieve a correct process monitoring different coating polymers were 

tested. The data were analysed using CAMO Unscrambler X multivariate analysis software. 

The process shows a very strong correlation between the absorbances read by the NIR 

instrument and the determined coating thickness and weight gain. This indicates that the model 

is reproducible. The reproducibility and the precision of the PAT monitoring can allow process 

control without the need for constant sampling and at-line analysis. This allows precise in-

process control over the product and provides the possibility to spare process time, energy and 

raw materials. Future development of this study can lead to an integration of the PAT 

technology with the control software of the coating pan and a real time control of the process 

in terms of product characteristics instead of the process parameters, with the aim of integration 

with the automatic control system. This integration can also be developed to design a 

continuous manufacturing process that must be kept constantly under control to guarantee the 

reproducibility of the final product. 
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The production of tablets containing living microorganisms is of special interest for the 

administration of probiotic microorganisms. These microorganisms provide health benefits to 

the patient when administered in viable form and adequate doses. Understanding the influence 

of different process steps, their specific process parameters and formulation aspects is crucial 

for improving the quality of probiotic tablets, especially with regard to microbial survival. 

Different drying technologies can be used to dry microorganisms preserving their viability, 

for example freeze-drying or granulation. In this study, spray drying was used to dry the yeast 

Saccharomyces cerevisiae as a model microorganism. The influence of various process 

parameters such as inlet temperature, outlet temperature, spray rate, spray pressure and nozzle 

diameter was investigated. The influence of formulation aspects such as cell concentration as 

well as type and concentration of protective additives was also considered. The microbiological 

results indicate a critical specific energy input that is crucial for life-sustaining drying. 

Selected products from the spray drying process were further processed into tablets using a 

compaction simulator. Here, process and formulation parameters such as compression stress as 

well as type and concentration of filler and binder were again varied and their influence on 

mechanical and microbiological tablet properties was examined. In principle, the higher the 

compression stress, the lower the survival rate, although the deformation behavior of the filler 

as well as its proportion also show effects. 

 

Figure 1. Overview of the process chain  
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Recent advances in the fields of pharmacy and technology have led to the demand for 

therapeutic treatment that takes into account the patient's personal medical history and 

condition. In response, scientists and engineers are striving to develop drug dosage forms with 

well-defined therapeutic benefits tailored to the needs of a specific patient. This has led to the 

rapid spread of personalised medicine, which aims to develop customised drug delivery 

systems.  

The Multi-Unit Dosage System (MUDS), consisting of mini-tablets filled into a hard gelatin 

capsule, is an effective therapeutic alternative to conventional dosage forms. So-called MUDS 

is designed so one mini-tablet represents the minimum strength of one API, and by counting 

and filling the required number of subunits in a capsule, can be achieved the right dose for each 

patient. The principle of MUDS capsules is thus to develop a single dosage form containing 

several active ingredients (in different mini-tablets) that the patient must take at a specific time. 

By the composition of mini-tablets and various process-related parameters (homogenization, 

granulation, compression) can be obtained the required dissolution behavior and convenient 

mechanical properties of subunits  

The aim of the present study was to prepare mini-tablets with high drug loading content that 

retain equivalent dissolution profiles to original products and develop a multi-unit dosage 

system. Two APIs used for combination therapy for the prevention of cardiovascular diseases 

were used as model drugs. In order to achieve appropriate weight and content uniformity, we 

had to ensure good flow properties of tableting blends. For this purpose, wet granulation was 

added as a manufacturing step. By optimizing of the composition of the tableting blend and 

binder solution, size of granules, and other parameters of wet granulation, we were able to 

achieve the desired release kinetics of API from produced mini-tablets. By subsequent 

adjustment of tableting parameters, we managed to ensure appropriate mechanical properties. 

Mini -tablets with predefined release profiles were filled into a capsule, the overall release 

profiles were determined by an appropriate dissolution method with HPLC analysis.  

Also, in this project, we are introducing an innovative manufacturing technology for the fully 

automated production of personalised drug dosage forms. This technology is based on a very 

precise and fast automatic compounding of small mini-tablets into hard gelatine capsules. With 

the proposed technology, it is possible to manufacture patient-specific batches of MUDS 

capsules on an industrial scale, which would contain a set of capsules for a period of 30-90 

days. In this way, it would be possible to produce dosage forms tailored to individual patients 

while taking the advantages of industrial continuous production such as speed, quality and 

traceability. 
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The rapidly evolving consumer trends and rising awareness about the ecological impact of 

their products makes it vital for packaging, food and ingredient manufacturers to be capable of 

quickly adapting processes to meet the consumer demands. The most striking and discussed 

topic is most likely the concern about the use of non-recyclable packaging materials and their 

impact on the environment including waste in the oceans and sustainable use of resources. 

However, manifold attempts to remove or replace undesired ingredients or packaging materials, 

one often faces hurdles linked to product stability, quality and safety, particularly in products 

with a large overall surface area such as food powder. To overcome this drawback material-

science driven approaches are required tackling all aspects of the value chain ï modifying 

product recipes, processes, storage & distribution and packaging materials.  

In the present talk we will address the arising challenges in developing recyclable packaging 

materials with strong enough barrier properties as well as the impact of lowering the barrier 

properties (moisture transmission) on the product properties of food powders. Different 

approaches targeting novel product formats for powders especially by increasing the particle 

size are highlighted. Such increase in particle size by granulation, compaction, or other aim at 

increasing the stability towards temperature and humidity. Nevertheless, attention also needs to 

be drawn on the functional behaviour such as reconstitution of such novel formats to meet 

consumer demands while going to more sustainable food production. 
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Struvite (MgNH4PO4.6H2O) that could be recovered from phosphorusïcontained 

wastewater has a high potential as an alternative source of phosphorus fertilizer. However, the 

cost and availability of current commercial Mg2+ sources hinder the downstream transfer of 

struvite precipitation. Additionally, mass production of sludge in batch operation is the 

limitation of conventional precipitation for struvite production. This study aims to circumvent 

these drawbacks by investigating seawater as a magnesium source for phosphorus recovery as 

struvite granule by fluidized bed homogeneous crystallization (FBHC) system. The operating 

parameters, including up-flow velocity (U, m h-1) and cross-sectional loading (L, kg m-2 hr-1) 

were optimized in the FBHC system. Under optimum conditions at pH 9.5, molar ratio of Mg: 

P: N=1.0:1.1:1.2, up-flow rate of 30 m h-1, and cross-sectional loading of 1.1 kg m-2 hr-1, the 

crystallization ratio (CR) and total removal (TR) of phosphorus reached 60% and 85%, 

respectively. Based on the XRD pattern, it was confirmed the solid products consist of struvite 

(MgNH4PO4.6H2O) with an average size of 3.0mm.  

 

Figure 1. Fluidized bed homogeneous reactor (FBHC) arrangement. 
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Dry granulation is often used before tableting to improve the flowability and content 

uniformity of the blend. However, the process modifies particle porosity and imparts plastic 

work, which can negatively impact the tabletability of the granules [1]. Understanding this 

phenomenon is instrumental to improving the control of the continuous operation of a dry 

granulation line. This goal can be achieved via mechanistic modelling, but existing models for 

roller compaction [2] and tableting [3] were developed independently, and do not consider the 

effect of the former over the latter. In this work, we present a mechanistic approach to 

developing reduced-order models capable of capturing the relationship between dry granulation 

and tableting critical process parameters (CPPs) and the tablet critical quality attributes (CQAs). 

Specifically, we develop models to predict tablet tensile strength and tableting compaction force 

based on roll gap and roll pressure. The models were developed using roll compaction and 

tableting data of a powder blend composed of 10% APAP with MCC. The granules were made 

under varying levels of roll pressures and roll gaps, while the tablets were made under varying 

dosing positions and main compression thicknesses. The models showed that the roll pressure 

and roll gap used during granulation have high predictability for the tensile strength and 

compaction force during the tableting of those granules. The models also reveal that the tensile 

strength is sensitive to roll pressure and roll gap while the compaction force is less sensitive to 

roll pressure as compared to the roll gap. 

 

[1] M.G. Herting, P. Kleinebudde, Studies on the reduction of tensile strength of tablets after 

roll compaction/dry granulation, European Journal of Pharmaceutics and Biopharmaceutics. 70 

(2008) 372ï379. https://doi.org/10.1016/j.ejpb.2008.04.003. 

[2] E. Gavi, G.K. Reynolds, System model of a tablet manufacturing process, Computers and 

Chemical Engineering. 71 (2014). https://doi.org/10.1016/j.compchemeng.2014.07.026. 

[3] S. Bachawala, M. Gonzalez, Development of mechanistic reduced order models (ROMs) 

for glidant and lubricant effects in continuous manufacturing of pharmaceutical solid-dosage 

forms, in: Ludovic Montastruc, Stephane Negny (Eds.), Computer Aided Chemical 

Engineering, Elsevier, 2022: pp. 1129ï1134. https://doi.org/10.1016/b978-0-323-95879-

0.50189-2. 
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Pharmaceutical products being manufactured via Continuous Direct Compression (CDC) are 

on the rise. Through the application of prior studies which demonstrated relationships between 

processing conditions and effective mixing [1]. Despite our increase in understanding of macro 

responses, our understanding of the micro-behaviour is lacking. Through the use of Positron 

Emission Particle Tracking (PEPT) we can uncover some detail about the discrete paths 

particles take through a blender. 

A prototype of the CDB-1 axial powder blender (seen on GEA's Consigma® CDC-50 line) 

was placed in the ADAC detector to undergo PEPT analysis. The bulk and tracer of choice 

1mm MCC, Vivapur 1000 (JRS Pharma, Germany). The experiment was conducted over a 

range of RPM's (225, 300, 375) and two blade configurations (8 and 16 mixing blades, helically 

arranged). Through utilising PEPT's unique advantage, the ability to understand systems from 

a micro-up perspective, the detail of each discrete trajectory can be statistically scrutinised. 

Accordingly, the following distributions are discussed: trajectory's standard deviation across an 

axis, path length, velocity & residence time distribution. All of which highlight the material's 

propensity to behave to processing conditions on a micro scale. In addition, methods have been 

applied to evaluate the mixing- in an attempt to relate the micro-characteristics to macro-mixing 

performance.  

Figure 1. Pipeline showcasing the PEPT experiment and the subsequent analysis. 

[1] J. Palmer, G.K. Reynolds, F. Tahir, I.K. Yadav, E. Meehan, J. Holman, G. Bajwa, Mapping 

key process parameters to the performance of a continuous dry powder blender in a continuous 

direct compression system, Powder Technology. 362 (2020) 659ï670. 
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Efficient and cost-effective drug products development requires accurate prediction of 

pharmaceutical mixture characteristics to support the decision-making in formulation design 

and process optimization. This paper presents a system of hybrid models that combine both 

mechanistic and data-driven approaches to predict characteristics of pharmaceutical mixtures. 

The system model establishes a link between raw material properties and formulation to critical 

mixture attributes. Mechanistic, probabilistic models were developed to predict the particle size 

and aspect ratio distributions of pharmaceutical mixtures using those of the raw components. 

Additionally, the accuracy of two existing mechanistic mixture rules for predicting the mixture's 

true density and bulk density was assessed. Two data-driven models were developed that utilise 

principal component analysis to reduce the dimensionality of the predicted particle size and 

shape distributions, along with the predicted true density and bulk density as input data to 

predict the flowability (represented by the Flow Function Coefficient, FFC) and tapped density 

of the mixture (Figure 1). 

The proposed particle size and shape mixture models outperformed one existing approach 

(weighted average of percentiles) whilst providing insights into the full distribution of the 

mixture. The presented models accurately predicted blend properties of different formulations 

and components, utilising raw material properties to avoid time-consuming and material-

intensive blend preparation and characterisation. The system model proposed in this study holds 

the potential to accelerate the process of developing new drug products with new Active 

Pharmaceutical Ingredients (APIs) by predicting key mixture characteristics to help inform the 

decisions on formulation and process conditions during the process development.  

 

Figure 1 - Flow diagram of the proposed hybrid framework for mixture modelling. Ὢὼ and 

AI represent mechanistic and data-driven models, respectively. 
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Wet granulation can be broken down into three rate processes: Wetting & Nucleation, 

Consolidation & Growth, and Breakage & Attrition [1]. These stages are often inseparable from 

each other, which hinders the characterization of the relationship between operating conditions 

and product properties in wet granulation processes. Single-drop granulation is a form of drop-

controlled nucleation intended to isolate the Wetting & Nucleation rate process by allowing a 

single droplet to form a single granule upon impacting a static powder bed [2-4]. This work 

explores the high-shear granulation of a pre-nucleated bulk material. Single-dropped granules 

(pre-nucleated granules) are charged to a mixer granulator under varied conditions to observe 

how the remaining rate processes and resulting granulated product are affected by various pre-

nucleation conditions. 

Single-dropped granules are generated under various conditions that are intended to produce 

nucleated granules of varying size, shape, liquid content, and formation mechanism [5]. These 

nuclei are charged to the mixer granulator, along with differing amounts of additional liquid 

binder and additional dry powder, and then granulated for controlled amounts of time. 

Experiments are performed using Avicel micro-crystalline cellulose (MCC) as the raw powder, 

paired with DI water as the liquid binder. The raw MCC is sieved into three particle size ranges 

before use. Each size range was characterized by optical microscopy for the d43 projected area 

diameter: small (51 ± 13 µm), medium (95 ± 18 µm), and large (153 ± 24 µm). The resulting 

granulated bulk is analysed for the mass-based size distribution by sieving and granule yield 

[6]. A representative sample of individual granules are also evaluated for their shape 

(circularity, vertical aspect ratio) by the prism method and image analysis software, ImageJ. 

This is the first study, to our knowledge, to apply the single-drop granulation technique to a 

traditional high-shear wet granulation process. 

[1] J. Litster, B. Ennis, L. Lian, The Science and Engineering of Granulation Processes, Kluwer 

Academic Publishers, Dordrecht; Boston, Mass, 2004. 

[2] B. Waldie, Growth mechanism and the dependence of granule size on drop size in fluidized-

bed granulation, Chemical Engineering Science. 46 (11) (1991) 2781ï2785. 

[3] K.P. Hapgood, J.D. Litster, R. Smith, Nucleation regime map for liquid bound granules, 

AIChE J. 49 (2003) 350ï361. 

[4] H.N. Emady, D. Kayrak-Talay, J.D. Litster, Modeling the granule formation mechanism 

from single drop impact on a powder bed, J. Colloid Interface Sci. 393 (2013) 369ï376. 

[5] H.N. Emady, D. Kayrak-Talay, J.D. Lister, A Regime map for granule formation by drop 

impact on powder beds, AIChE Journal, 59 (2013). 
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Tablet coating is a common unit operation in production of tablets and is performed for 

cosmetic purposes and/or taste masking, protection of the active ingredient or controlled 

release. Important quality attribute of coating is its thickness or amount per surface area. Every 

tablet in a batch must have sufficient coating amount in order that the function of the coating is 

achieved. This is typically described as the intra-tablet coating variability. Determination of the 

coating amount can be time consuming already for one tablet for some measurement methods 

such as microtomography. Additionally, to get statistically sound values of the coating 

variability, many tablets must be measured. Ideally that number should be at least 100. 

Since none of the conventional analytical methods were fast enough for our purposes, we 

developed a dedicated placebo tablet formulation. The goal was to have a fully soluble tablet 

core and coating with an embedded colour tracer. For the analysis the coated tablets were 

dissolved in water and the solution was measured photometrically without any additional 

preparation steps such as filtration, centrifugation or dilution. The measured absorbance is then 

directly proportional to the amount of coating on the tablet. 

Besides the good water solubility, the tabletting mixture had to have good flowability to 

enable direct compression, low hygroscopicity, low absorbance in solution, low ejection stress 

and high mechanical strength. The final formulation that satisfied all of the criteria consisted 

of: isomalt and sodium lauryl sulphate for the tablet core and hypromellose, polyethylene oxide 

and tartrazine for the coating. A series of coating experiments using this formulation was 

performed on different drum coaters with two different tablet shapes.  
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In granulation processes, from roller compaction to high shear wet granulation, the physical 

properties of the dry and wet material can influence the granules and final product quality. On 

the microscale, interparticle forces, such as adhesion and capillary, influence the flowability of 

a bulk powder. It is expected that the motion of a particle is restricted as interparticle forces 

increase [1]. The contact area between two particles, or a particle and a surface, directly 

correlates to the adhesive force between the materials. The primary parameters that affect the 

contact area and flow of a bulk powder include particle size, particle size distribution, and 

particle shape. The capillary forces of liquid bridging between particles also affects the particle 

flow and depends on the level of moisture present.   

This work focuses on investigating the effects of particle size, moisture content, and particle 

shape on the flowability of micro-crystalline cellulose (MCC), measured by the FT4 Powder 

Rheometer. The raw MCC was sieved into five size fractions and characterized by a Malvern 

Morphologi G3 particle analyzer for the d43 (51 ± 13 µm, 80 ± 30 µm, 109 ± 25 µm, 141 ± 47 

Õm, 173 Ñ 59 Õm). The powder bulkôs moisture levels, resulting from added deionized water, 

range from 0 ï 50 wt%. Using particle size and shape measurements from the particle analyzer, 

particle size, shape, and moisture content were correlated with the FT4 flowability results. This 

is the first study, to our knowledge, to quantify the effects of particle shape, size, and moisture 

content on the flowability of powders in granulation processes.  
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The tableting of powders is a process used to convert powdery bulk materials into a suitable 

form for industry and customer needs, whereat the compact properties of resulting tablets 

depend on the complex interplay of material, formulation and process parameters. Due to the 

high number of different materials and property variations, tableting excipients are used in 

tablet formulation to improve bulkiness, tablet strength, disintegration and dissolution 

behaviour. The list of excipients covers for example diluents, binders, lubricants and 

superdisintegrants.  

In this work, the cause of the superiority of a newly developed co-processed binder excipient 

called Salt-Starch is investigated. The componentôs benefits on the final formulation properties 

demonstrated, especially its content-dependent effects. For a fundamental understanding of its 

binding mechanisms, the structure of Salt-Starch is investigated. It is shown that aside from the 

particle size distribution, the specific structure of the excipient has super-additive effects 

regarding the resulting tablet strength (tensile strength) compared to sole components NaCl and 

starch and their binary mixtures, respectively. One reason for the benefit of Salt-Starch in this 

comparison is the lower elastic recovery, which is quantified by applying a kinetic dependency 

indicator.  

The results pronounce the benefits of Salt-Starch compacted purely and in formulation 

compared with simple binary mixtures of NaCl and starch regarding the tableting parameters 

compressibility, compactability and tabletability. The systematic evaluation of compaction 

results of the individual components with varied particle sizes and of binary mixtures and Salt-

Starch enable the derivation of essential rules of structural influence. SEM and µ-CT 

measurements support the effect of the specific structure of Salt-Starch on the compaction 

results and clarify tableting behaviour based on the structure resulting from the production 

process of Salt-Starch. As a further impression, the independency of Salt-Starch of compaction 

kinetics is presented and discussed to supplement its superiority.  
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Aluminum is the most widely used non-iron metal that is considered a highly toxic 

compound in the water. Adsorption and conventional chemical precipitation are commonly 

used to remove aluminum from water. However, the sludge produced from the chemical 

precipitation process created a new problem due to its low separability and high cost of the 

handling process. In this study, fluidized-bed homogeneous crystallization (FBHC) technology 

was applied to treat 700 mg-Al/L solutions by synthesizing low moisture and high crystallinity 

particles and reducing the production of excessive sludge. A sedimentation tank was also 

installed after the effluent stream of FBHC to minimize the level of small particle in the final 

water discharge. Sodium hydroxide (NaOH) was added as a precipitant to generate Al(OH)3 

pellets. Under the optimum condition of pH 9.7, up-flow velocity of 45 m/h, and reflux ratio of 

42, the total removal efficiency achieved up 99 % corresponding to the aluminum residual 

concentration of 0.2 mg-Al/L. The crystalline ratio also reached over 90% meant the sludge 

generated was decreased over 90% by converting it to crystalline aluminum hydroxide pellets. 

 

Figure 1. The concept of granulation by fluidized bed homogeneous techmology (FBHC).  
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In this work, an acoustic emission (AE) technique in combination with a machine learning 

(ML) algorithm (Principal Component Analyses) are developed to characterize the particle size 

distribution in a solid-gas fluidized bed. A theoretical approach to explain the generation of 

acoustic emission signal in solid-gas flows is explained. An AE signal is generated in gas-solid 

fluidized beds due to the collisions and friction between fluidized particles as well as between 

particles and the bed inner walls. The generated AE signal is in the form of an elastic wave with 

frequencies >100 KHz and it can propagate through the gas-solid mixture. An inversion 

algorithm to extract information about the particle size starting from the energy of the AE signal 

is also explained. The development of an AE technique is important because it provides a cheap, 

sensitive, non-intrusive, radiation-free diagnostic, which is suitable for on-line measurement. 

Combining AE with machine learning algorithms (ML) is beneficial for applications to 

industrial settings, reducing the cost of signal post processing, while being able to model both 

small and large-scale experiments. Experiments were carried out in a pseudo-2D flat fluidized 

bed with four glass bead samples with different sizes, ranging from 100 µm to 710 µm. AE 

signals were recorded with sampling frequency 5 MHz. The AE signal post processing and data 

preparation for ML process are also explained. For the ML process, the AE frequency data sets 

were divided in training (60%), cross validation (20%) and test sets (20%). Two ensemble ML 

approaches, namely Random Forest and Gradient Boosting are applied to predict particle sizes 

based on the AE signal features with an accuracy greater than 99.5% and a R squared score 

larger than 0.999. Experimental results indicate that the AE technique is a powerful tool for the 

characterization of solids in solid-gas flows. 

 

Figure 1. A) Inverted particle size distribution from the measured AE energy, B) Prediction 

Vs the truth of dataset. 
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During fluidized bed spray agglomeration wetted particles stick together, resulting in black-

berry shaped and porous particles. The extend of agglomeration of the bed material will 

determine its further transport within the system and the product quality and morphology. 

This work aims to provide a fundamental understanding of the micro-mechanisms of 

agglomeration as well as deagglomeration of particles. To investigate the mechanisms, single 

particle experiments were performed by means of a newly developed setup to realize binary 

collisions of two particles under dry and wet conditions. The collisions are recorded by two 

high-speed cameras, enabling motion analysis in three-dimensional space by methods of digital 

image analysis. The positions, translational velocity, rotational velocity and orientation of the 

rotation axis are determined both before and after the collision. In the case of moistened 

collisions, one particle or both are coated with a homogeneous liquid layer before the collision 

by using the liquid ring method of Buck et al. [1], which has already been successfully applied 

in particle-wall collisions. In this case, the thickness of the liquid layer is also determined. The 

results allow a direct comparison with DEM collision models, both with and without additional 

liquid phase. 

 

Figure 1. Wetted binary particle collision between two spherical ZrO2 particles with a 

diameter of 1.5 mm. The upper particle (P1) is wetted with a 116.3 ɛm thick layer of silicon 

oil with a kinematic viscosity of 150Ā10-6 m2/s at 20°C, while the lower particle (P2) is dry. 

The white particles are additionally marked with grey markers to track the rotation. They 

collide with a relative velocity in the normal direction of 1.57 m/s, which results in a complete 

rebound. 

[1] B. Buck, Y. Tang, N. G. Deen, J. A. M. Kuipers, and S. Heinrich, Dynamics of wet particle-

wall collisions: influence of wetting condition, Chemical Engineering Research and Design, 

135 (2018) 21-29.  
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All -Solid-State-Batteries (ASSBs) are set to provide high energy densities along with a safer 

energy storage medium than conventional batteries, which could become crucial in the 

electrification of transport systems. One of the main challenges of ASSBs is the upscaling of 

the production process [1]. To that end, the use of a vibrating fluidized bed is proposed for the 

mixing, coating and aggregation of the battery materials. Thus, the fluidization and mixing 

behaviour of lithium iron phosphate (LFP), carbon black (CB) and sodium chloride (SC) is 

investigated in a vibrated fluidized bed with pulsated gas flow. SC is used as a model material 

for solid electrolytes, which often react with moisture. The vibration was realized through the 

rotation of an eccentric plate (Fig. 1A) whose movement is translated into a linear shaft onto 

which the fluidized bed is mounted, while the pulsated gas flow was implemented via solenoid 

valves. First, the mixing and fluidization qualities of the bed material were evaluated. Second, 

a parametric study including vibration parameters, pulsated gas flow parameters and pre-

conditioning of the particles via drying or sieving was explored. The success of the hetero-

agglomerate and aggregate production was determined by SEM and TEM images (Fig. 1D) in 

conjunction with particle size measurements. Additionally, the macroscopic electrical powder 

conductivity was measured via a four-point probe method using an Ohmmeter and a material 

testing machine. 

 

Figure 1. Schematic of a vibrated fluidized bed (A) Upper part of fluidized bed (B) Motorized 

v-belt system for translation of vibration frequency (C) and an SEM image of LFP coated 

with CB obtained by fluidization (D).  

[1] J. Schnell, T.Günther, T. Knoche, C. Vieider, L. Löhler, A. Just, M. Keller, S. Passerini, G. 

Reinhart, All solid stat Lithium-Ion and Lithium Metal Batteries - Paving the Way to Large-

Scale-Production, J. Power Sources. 382 (2018), 160-175.  
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The process optimization of 4,4-bipyridine based metal organic framework (MOF) synthesis 

by twin screw extrusion (TSE) has been investigated using cobalt nitrate hexahydrate 

(Co(NO3)2ẗ6H2O) as a metal precursor with molar ratio 1:1, the reported ratio to form a 1-

dimensional MOF. Multivariate analysis (MVA) was employed to investigate the effects of 

twin screw extruder (TSE) operating parameterôs including amount of solvent added (L/S 

ratio), screw speed and feeding rate on the product composition. Partial least square (PLS) 

analysis has been applied as a robust chemometric approach to obtain a predictive model 

from the collected Raman data that are able to quantify the composition of the MOF product. 

Based on the results from the best predictive model obtained, a maximum MOF purity 

percentage of 86.91 %wt. has been obtained at 0.5 L/S, a feeding rate of 50 g/h and a 100 

rpm of screw speed.  

 

 
 

Figure1. Equipment set-up, process parameters and process tools for measuring the purity 

of the MOF 
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Dry granulation, which includes compaction and grinding, is an economical process to 

improve the flowability of heat- and moisture-sensitive powders. Roller compaction enables a 

continuous process of powder compaction between two counter-rotating rollers, resulting in the 

formation of ribbons. Subsequently, these ribbons are comminuted by rotating or oscillating 

screen mills into granules of any desired size.  

After compaction, the ribbons often split into different parts. Common is the transversal split, 

where the ribbons split to follow both rollers, as presented in figure. In the literature, this 

behavior is usually attributed to adhesion to the roller surface. In order to gain a deeper 

understanding of the ribbon split, DEM (discrete element method) simulations were performed 

in this study. For this, the open-source MUSEN framework was utilized, which supports GPU-

accelerated computations, enabling simulations with a large number of particles. In addition, 

MUSEN allows the analysis of cohesive and frictional effects within the bulk material. Hence, 

an elastoplastic Edinburgh contact model [1] was used and calibrated by compaction tests and 

shear tests to suit experimental data. 

Finally, by analyzing the simulations of the roller compaction process, a horizontal stress 

gradient was found in the region of the smallest gap. This gradient results in shearing and 

weakening of the ribbon material in the center between the rollers. Besides the transversal split, 

as in Fig. 1, a longitudinal split may occur in this process, too. Here the ribbon does not follow 

the rollers but splits instead towards the sealing plates. This behavior has also been related to a 

stress profile in the smallest gap but acting perpendicular to the plan of the figure below. 

 

Figure 1. Insides of roller compactor WP120 by Alexanderwerk AG during production with 

smooth roller surface. 

[1] S.C. Thakur, J.P. Morrissey, J. Sun, J.F. Chen, J.Y. Ooi, Micromechanical analysis of 

cohesive granular materials using the discrete element method with an adhesive elasto-plastic 

contact model, Granular Matter. 16 (2014) 383ï400.  
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Utilizing the cohesiveness of fine particles is a versatile way to prepare agglomerate 

formulation for efficient pulmonary delivery. Vibration process is often applied to facilitate the 

formation of particles used in agglomerate formulation to achieve appropriate particle size 

distribution and mechanical strength, which can significantly influence the metering dose and 

aerodynamic performance of the final product [1].  

In this work, the feasibility of resonance acoustic process for agglomerate formulation 

preparation was investigated [2]. The effect of vibration intensity and grid pattern was studied. 

The effect on particle size distribution and aerodynamic performance due to interparticle 

collision was evaluated by applying different levels of acceleration force and a chessboard-like 

grid in the mixing process. It was found that the existence of the grid significantly affected the 

particle size distribution, and subsequently the metering dose in TurbuhalerЮ. Acceleration 

significantly affected the tapped density and mechanical strength of agglomerates resulting in 

different fine particle fraction (FPF). The novel particle agglomeration method can improve the 

agglomerates production efficiency by utilizing the volume of the mixer to induce more particle 

collision instead of conventional rotation method with finite vibration areas. 

 

Figure 1. Particle agglomeration with resonant acoustic mixer, A represent the resonant 

acoustic mixer, B is the grid in the mixer, C shows the brief process of particle 

agglomeration [2] 

[1] Etschmann, Christian, and Regina ScherlieÇ. ñFormulation of rifampicin softpellets for high 

dose delivery to the lungs with a novel high dose dry powder inhaler.ò International journal of 

pharmaceutics vol. 617 (2022): 121606 

[2] Juan G. Osorio, Fernando J. Muzzio, Evaluation of resonant acoustic mixing performance, 

Powder Technology, 278(2015), 46-56,  
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Wet granulation is a multiphase process utilized to produce aggregate particles with defined 

properties from very fine powders. Industrial approaches to wet granulation are mainly carried 

out by batch processes (rotating drum, tumblers) on a basis of quality by testing. Recently, a 

growing interest to improve the manufacturing sites changed the paradigms to continuous 

processes (twin-screw, fluidized bed, extrusion) in a quality by design (QbD) approach [1] 

which can provide variable throughput, consistent quality and reduced operator involvement 

[2]. However, a QbD approach process is challenging, especially in the pharmaceutical and bio-

pharmaceutical sector critical where quality attributes are stringent and numerous [3]. Empirical 

methods for process optimization are still predominant and yet the field is lacking a 

comprehensive computer model to predict wet granulation processes. Simulating these 

processes on the microscale using discrete particle methods (DPM) is challenging because of 

the large number of particles involved, which differ widely in both size and material properties. 

Macroscale methods, tracking only the particle bulk properties, are efficient but do not resolve 

disperse particle properties such as the particle size distribution (PSD), which is key information 

for downstream processing. Multiscale methods like population balance modeling (PBM) can 

track distributed properties, such as the particle size, by adding them as internal variables to the 

macroscale (CFD) model but they do lack information on particle dynamics. A promising 

solution to address these deficiencies is to develop a comprehensive DPMïPBMïCFD 

heterogeneous multiscale model [4] which allows exploration of virtual design spaces, see 

Figure 1. The DPM micro-model will run in a certain parameter space and provide particle 

dynamics data for the PBM macro-model to derive mechanistic kernels for macroscale 

simulations. New microscopic simulations are only necessary, when the parameter space has to 

be expanded. Constitutive modeling, utilizing the insights of this framework, can help to 

develop an application-specific PBM for design optimizations and enable transitioning from 

real to virtual prototyping of wet granulation processes. 

 

Figure 1. Modeling framework for the virtual prototyping of wet granulation processes  

[1] J. Rantanen, J. Khinast, The Future of Pharmaceutical Manufacturing Sciences, J. Pharm. 

Sci. 104 (2015) 3612ï3638. 

[2] A. Kumar, K. V. Gernaey, T. De Beer, I. Nopens, Model-based analysis of high shear wet 

granulation from batch to continuous processes in pharmaceutical production - A critical 

review, Eur. J. Pharm. Biopharm. 85 (2013) 814ï832. 

[3] P. Suresh, I. Sreedhar, R. Vaidhiswaran, A. Venugopal, A comprehensive review on process 

and engineering aspects of pharmaceutical wet granulation, Chem. Eng. J. 328 (2017) 785ï815.  

[4] Weinan, E.; Engquist, B. The Heterognous Multiscale Methods. Commun. Math. Sci. 2003, 

1, 87ï132.   
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Continuous manufacturing is nowadays a novel concept to produce high quality drug 

products. The manufacture of solid dosage forms starts with the feeding of materials, which is 

a critical step to ensure the quality of the final product [1]. Therefore, loss in weight (LIW 

feeder) have been developed by various equipment manufacturers to ensure the accurate dosage 

that allows obtaining products in compliance with the specifications. As the feed hopper is of 

limited capacity, it must be refilled on regular basis to maintain continuous manufacturing. 

During refilling, dosing must be done in volumetric mode which can have an impact on dosing 

accuracy. 

The present work studies the impact of the refill and the different factors such as the feed 

rate, the refill system and the filling level at which the refill starts on the accuracy of the dose. 

Four performance indicators were used to evaluate this impact: the refilling time, the time out 

of the limits, the Maximum or minimum feed rate during the refilling and the total deviation 

from the set point. 

It was found that the refiller type and the filling level at which the refill starts plays an 

important role and should be selected considering to the material´s characteristics to be fed. As 

a general rule a faster and shorter refill is always preferable, however, depending on the refiller 

and the material a positive or negative deviation from the feeding dose can be observed.  

  

Figure 1. Refillers: TT-refiller (left), G-refiller (right). 

 

[1] Blackshields, C., & Crean, A. (2017). Continuous powder feeding for pharmaceutical solid 

dosage form manufacture: a short review. Pharmaceutical Development and Technology, 23(6), 

554ï560.  
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Agitated filter dryers (AFDs) are increasingly used in the pharmaceutical industry due to 

their combined filtration and drying operations which minimise product loss and exposure to 

workers, occupy minimal floor space and give short overall cycle times. Using an agitator 

enhances mass and heat transfer during drying and allows for more homogeneous mixing. 

However, the use of highly agitated drying conditions can lead to particle agglomeration [1]. 

This undesired agglomeration can cause issues in the manufacturing process and lead to out of 

specification products which need further milling, as well as unfavourably long cycle times.  

The exact causes and mechanisms underlying agglomeration during drying in AFDs is not 

yet fully understood. This work aims to bridge these gaps by applying existing knowledge of 

wet granulation processes by investigating the effect of agitation on agglomeration whilst 

isolating the drying component. Drying in AFDs involves not only agitation of the wet cake but 

also heating which can contribute to the formation of solid bridges, leading to agglomerate 

formation. By isolating the effect of agitation rate in the dryer, the correlation between this and 

agglomeration can be determined. In this work, the effect of varying agitation periods in a lab-

scale agitated vessel are presented and the relationship between agitation time and measured 

attrition and agglomeration are investigated. 

 

Figure 1. Cross-sectional representation of an AFD. 

 

[1] A. Tamrakar, A. Gunadi, P. M. Piccione, R. Ramachandran, Dynamic agglomeration 

profiling during the drying phase in an agitated filter dyer: Parametric investigation and regime 

map studies, Powder Technology, 303 (2016) 109ï123.  
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Coating processes can be divided into wet coating, e.g. spray coating in a fluidized bed, and 

dry coating processes, where nanoparticles are deposited on the host particle surface due to a 

mixing process. The difference is, that spray coating achieves a continuous coating, while in a 

dry process the coating is formed by discrete particles. The advantage of dry coating, however, 

is that no downstream drying process is required. Coating by means of foam represents a 

combination of both methods, in which a likewise continuous coating can be produced, but the 

amount of liquid to be dried is significantly less than that of spray coating. 

In this work, a method to create foams via a two-fluid nozzle is established and it is proven, 

to coat particles using the produced foam. To achieve this goal, a formulation consisting of 

water, a polymer and a surfactant is used. Process parameters, such as liquid volume flow and 

gas volume flow, are varied to evaluate the parameters influence on the foam. Subsequently the 

foam is used to coat cellulose particles by dye them with methylene-blue within an all -purpose 

mixer. The foams are analysed in term of stability over the time and bubble diameter. The 

coating is analysed by image analysis and microscopy. 

                             

 

Figure 1. Foam coating of cellulose pellets   
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Dry granulation of pharmaceutical powders by the roller compaction process is gaining 

increasing popularity in the pharmaceutical industry for its simplicity, cost, potential stability 

benefits and continuous processing options. It offers unique advantages compared with wet 

granulation for processing physically or chemically moisture-sensitive materials, since the use 

of a liquid binder is not required. Another advantage is that it does not require a drying stage 

and therefore it is suitable for compounds that either have a low melting point or degrade rapidly 

upon heating [1,2]. Due to the limited availability of drug substances for initial granulation 

studies, it is important to devise methods to overcome this issue and establish robust processes. 

The industrial application of the Johanson model [1,2,3] for the tech transfer and scale up of 

experimental drug product formulation A from pilot plant to commercial site is presented in 

this work. The impact of the calculated pressure between the rolls (Pmax) on the ribbon porosity 

measured using Geopyc was investigated. The relationship between Pmax and the ribbon 

porosity in the pilot phase (Bepex with roll width 3 cm) was used to predict the roller 

compaction force range at the commercial scale (Bepex with roll width 5 cm). The approach 

permitted the production of tablets at commercial scale with the same quality as the pilot scale 

and the satisfaction of all the in-process control specifications with no tablet defects. 

 

Scale up and tech transfer of roller compaction process - Pressure (Pmax) vs Solid Fraction.  

[1] J R Johanson, 1965, ASME, Journal of Applied Mechanics Series E, 32 (4), 842ï848.  

[2] Bindhumadhavan, G., Seville, J.P.K., Adams, M., Greenwood, R. and Fitzpatrick, S., Roll 

compaction of a pharmaceutical excipient - Experimental validation of rolling theory of 

granular solids, Chemical Engineering Science, Volume 60, Issue 14, July 2005, pp. 3891-3897. 
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Coating of tablets is an essential process in the pharmaceutical industry. Tablet coating is 

often performed in rotary drums using single or multiple spray nozzles. In this process, the 

solid-containing droplets (coating material) are sprayed onto a bed of moving tablets. The liquid 

evaporates, generating an increasing coating layer on the tablet surface over time. The thickness 

of the coating layer of tablets depends on droplet characteristics, the geometry of the tablet, and 

operation parameters of the drum. The coating layer thickness distribution on individual tablets 

and across all tablets has a major influence on the subsequent product properties. 

In order to predict the coating thickness distribution of non-spherical tablets, numerical 

simulation of the entire tablet coating process is preferred over the time-consuming 

experiments. Here, a discrete stochastic Monte Carlo model has been developed incorporating 

tablet coating sub-mechanisms such as droplet-tablet interaction, droplet deposition or rebound, 

droplet drying, film formation, and film drying (schematic workflow is shown in Fig. 1). 

Parameterization of sub-models is performed using recent experimental results [1]. Simulation 

results of intra- and inter-particle coating layer thickness distribution are compared to own 

measurements, giving insight on the complex interplay between material properties and process 

conditions.  

 

Figure 1. A schematic diagram for analyzing the tablet coating thickness. 

 

[1] L. Pasternak, M. Sommerfeld, P. Muramulla, F. L. Yuan, S. Gopireddy, N. Urbanetz, T. 

Profitlich, Tablet coating in lab-scale drum coaters: Combining DEM simulations and spray 

experiments to predict tablet coating, Powder Technology, (2022) [in revision].  
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Conical milling is a granule size reduction/calibration technique commonly used in the 

pharmaceutical industry.  The primary goal for a mill is to increase surface area and thus 

improve bulk density, powder flow and tablet compressibility properties of oral solid dosage 

(OSD) formulations [1].  

     Some of the disadvantages of a milling process are the potential generation of unwanted 

heat, wide particle size distribution (PSD) curves and too many fines [2].  The avoidance of 

heat generation is particularly challenging when the starting material has a low melting or glass 

transition temperature.  Since heat can lead to screen blinding or smearing, particular attention 

needs to be paid to the profile of the calibrating screens being utilized. 

     In this Study, the behaviour of dry particles in a conical mill equipped with a new "high 

efficiency" conical screen-hole design was simulated using computation fluid dynamics (CFD). 

The mass flow and velocity of the particles was then compared to empirical data derived from 

experimental DoE results using various products with differing material properties.  It was 

found that the new screen-hole pattern design reduced milling temperatures while increasing 

capacities when compared to traditional screen designs; without changing or shifting particle 

size distributions, thus ensuring validated processes and results remain unaffected. 

 

[1] R.P. Patel, A.H. Baria, N.A. Patel, An Overview of Size Reduction Technologies in the 

Field of Pharmaceutical Manufacturing. Dep of Pharmaceutics, College of Pharma. Ed. and 

Res., India; 2(4) (2008) 216-220 

[2] S. Sunil, Jambhekar, Bioavailability and Granule Properties, South University School of 

Pharmacy, Savannah, GA, USA; Handbook of Pharmaceutical Technology, Chapter 19; Taylor 

and Francis (2005)  

Figure 1. Air Flow (left) and Mass Flow (right) Across Traditional vs. New Hole 

Pattern Screens 
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Active pharmaceutical ingredients (APIs) exhibit poor flow characteristics thereby hindering 

the efficient manufacture of oral solid dosage forms (OSDs). As a result, intermediate 

processing steps such as wet granulation via fluidised bed granulation (FBG) have become 

standard practice in the manufacturing cascade for OSDs. Given the complexity of the FBG 

process, the industry approach has been largely recipe driven, resulting in a black box type of 

approach during operation of FBG.  

In the current research, we present an advanced process control strategy by feeding data from 

associated PAT tools and sensors into semi-mechanistic models in real time, which serve as 

basis for the process control & automation module of the SmartX platform ï a process control 

and data analytics software. In doing so, the moisture content is predicted in real time whilst 

the fluidisation airflow is controlled for consistent powder bed fluidisation during live FBG 

runs. As a result, common issues, which have otherwise led to product failure are mitigated. 

 

Figure 1. Real time prediction of powder bed moisture content and dynamic control of 

fluidisation air flow rate during fluidised bed granulation. Black points represent the 

measured moisture content 
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The investigation of indigenous plants as possible sources of pharmaceutical excipients 

has seen quite a surge in recent times with hydrophilic polymers being preferred for their cost 

friendliness, good drug release profile and biocompatibility. This research was aimed at the 

design and formulation of sustained release tablets using a locally sourced gum from a plant 

against commercially available polymers usually employed as drug release modifier in drug 

production. 
 

The gum powder of the leaves of Sterculia tragacantha (STG) was extracted, 

characterized and compared against tragacanth gum (TG) and hydroxypropyl 

methylcellulose (HPMC) in a sustained release theophylline tablet formulation via wet 

granulation. Tablets were evaluated for hardness, friability, thickness, content uniformity. 

Swelling behaviour in three media ï distilled water, phosphate buffer (pH 7.4) and 0.1N HCl, 

drug-polymer compatibility using Differential Scanning Calorimetry (DSC) and Fourier 

Transform Infrared (FTIR) spectroscopy and in vitro drug release profile in simulated 

intestinal fluid (SIF) and simulated gastric fluid (SGF) for 12 hours were studied. 
 

The extracted gum powder showed 82.25% carbohydrate composition, 2.52% moisture 

content, viscosity 8.0275mPaS (25 oC), pH 7.61, water holding capacity 11.5 g/g of water, 

Hausnerôs Ratio (HR) 1.589 and Carrôs Index (CI) 37.080. The STG tablet granules showed 

excellent flow comparable to HPMC and TG with granule density 1.35, porosity 71.51%, 

HR 

1.11 and CI 10.26. Drug-polymer compatibility was also confirmed. At 20% tablet 

composition, physical evaluation of formulated tablets showed characteristics mainly within 

acceptable limits, tensile strength 1.142 ± 0.069 and porosity 10.770. Swelling studies in 

distilled water and acidic medium presented a behaviour similar to TG showing minimal 

erosion up to the 8th hour. In the phosphate medium, STG compared favourably with HPMC 

but erosion was observed after the fifth hour. In SGF, percentage release of theophylline was 

61.1, 55, 66% and 70.8, 67.7, 72.5% in SIF at the 12th hour for HPMC, TG and STG 

respectively against an almost 100% release from a commercial brand of sustained release 

theophylline tablet. Release kinetics in SIF followed a Korsemeyer Peppas model indicating 

drug release was by diffusion and erosion and in SGF a zero-order model indicating release 

by diffusion. The results showed satisfactory potential of S. tragacantha leaf gum as a 

substitute release retarding agent in matrix tablet formulations. 
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Dried emulsions such as milk powders have been widely used for decades across multiple 

categories and applications, from infant formula to milk chocolate. In recent years, 

environmental, health and animal welfare concerns have strongly increased the demand for 

plant-based milk alternatives, and with it the interest in plant-based milk powders [1]. In milk 

powder substitutes, milk fat, protein and carbohydrates are replaced by plant-based counterparts 

to form a milk-like emulsion with consecutive drying, aiming to achieve similar nutritional and 

organoleptic properties compared to dairy milk [2]. In order to achieve the long shelf-life 

required for milk powder substitutes, present lipids and proteins need to be protected in the 

powder matrix against oxidation by environmental oxygen. 

Particle structure is considered a crucial impact factor for shelf stability of dried emulsions. 

Changes in surface to volume ratio, size and porosity of dried emulsion particles influence the 

access of oxygen towards encapsulated oil droplets as well as the amount of non-encapsulated, 

unprotected fat (free fat). Furthermore, vacuole size inside spray dried particles determines the 

amount of entrapped air available for lipid oxidation [3]. Drying methods such as spray- or 

freeze drying and structuration techniques like spray granulation are established methods to 

alter particle structure. 

The present work investigates and compares the influence of different particle structures 

created by different drying and structuration techniques such as spray and freeze drying on lipid 

oxidation of dried emulsions stabilized by plant protein. Results show differences for particle 

morphology, encapsulation efficiency (ratio of encapsulated to non-encapsulated fat) and 

oxidation stability for powders produced with various drying and structuration techniques. The 

obtained data reinforces the significance of particle structure for the production of shelf stable 

powders.  

 

[1] S.K. Vanga, V. Raghavan, How well do plant based alternatives fare nutritionally 

compared to cow's milk? J. Food Sci. Technol. 55 (2018) 10ï20. 

[2] C.Vega, Y.H. Roos, Invited Review: Spray-Dried Dairy and Dairy-Like Emulsionsð

Compositional Considerations, J. Dairy Sci. 89 (2006) 383ï401. 

[3] K. Haas, J. Obernberger, E. Zehetner, A. Kiesslich, M. Volkert, H. Jaeger, Impact of powder 

particle structure on the oxidation stability and color of encapsulated crystalline and emulsified 

carotenoids in carrot concentrate powders, Journal of Food Engineering 263 (2019) 398ï408.   
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Hydrophobic starch esters have demonstrated high potential as matrix formers in controlled-

release drug delivery systems [1]. The mechanical properties and tableting performance of 

native starch (SN), starch acetate (SA) and starch propionate (SP) have been reported in a 

previous work [2].  

In the present work tablets of the SN, SA and SP starch grades were prepared using 6 mm 

diameter round flat-face punches by direct compression at low (120 MPa) or high (174 MPa) 

compression pressure. Changes of tablet weight and of the corresponding uncompacted 

powders, as well as changes of the axial tablet expansion were followed with relative humidity 

(RH) under static and dynamic mode of vapor sorption. Static sorption measurements were 

made by placing the tablets or powders in desiccators over saturated salt solutions, whereas 

dynamic vapor sorption was performed using an in-house developed device previously 

described [3]. Vapor sorption effects on tablet tensile strength were studied at different RH 

levels between 0% and 85%. Furthermore, molecular changes in the starch structure due to 

moisture sorption were followed by recording Raman spectra.  

It was found that SP and SA tablets and uncompacted powders exhibited lower weight 

increase (ȹw) compared to SN. Tablets of SA grade exhibited the lowest increase. For SA and 

SP tablets, vapor sorption showed differences with the compression pressure. SA and SP tablets 

prepared at 174 MPa showed greater ȹw compared to those compressed at 120 MPa. On the 

other hand, vapor sorption by the SN tablets was unaffected by the compression pressure.  

Finally, there was no indications of any effect of vapor sorption on tablet strength and the 

chemical structure of the studied starch grades.  

 

[1] N. Sakhnini, N. Al-Zoubi, G.H. Al-Obaidi & A. Ardakani, Sustained release matrix tablets 

prepared from cospray dried mixtures with starch hydrophobic esters. Die Pharmazie 70 (2015) 

177-182. 

[2] N. Al -Zoubi, A. Ardakani, F. Odeh, N. Sakhnini, I. Partheniadis & I. Nikolakakis, 

Mechanical properties of starch esters at particle and compact level - Comparisons and 

exploration of the applicability of Hiestand's equation to predict tablet strength European 

Journal of Pharmaceutical Sciences 147 (2020) 105292. 

[3] I. Partheniadis, D. Kopanelou, M. Gamlen & I. Nikolakakis, Monitoring the weight and 

dimensional expansion of pyridostigmine bromide tablets under dynamic vapor sorption and 

impact of deliquescence on tablet strength and drug release. International Journal of 

Pharmaceutics 609 (2021) 121150. 
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In this review, the granulation process was described for the utilization of industrial waste 

called fly ash. Granulated fly ash of coal incineration was used i.e., for the production of cement 

and cement mortar. The addition of granules had an effect on drawing out of setting time, as 

well the hardening of mortar. The compressive strength and flexural strength of the mortar with 

the addition of phosphogypsum were comparable to the mortars made from standard cement 

mixtures. The waste phosphogypsum contained in the granules can replace the natural gypsum 

commonly used in the cement industry.  

Other results showed, the granules from the coal fly ash had a satisfy mechanical properties, 

when made under the specific technological conditions, such as: grain fraction, material 

humidity, type and binder share, disc pelletizer tilting angle, and curing time. Depending on the 

ash type from incineration, it should be mixed with binders and water-spray should be added 

during the mixing. The disc granulator parameters, such as the rotational speed and the 

inclination angle of disc, were also important. The final mechanical strength of the granules 

was attained by curing from several hours to several dozen days.  

Concluding, the granulation process of waste remains as a model for meeting the goals of 

circular economy ï it completely meets the requirements for sustainable development of the 

environment. The fly ash granules were fully utilized thanks to the harmful substances 

reduction, and the material recycling as well.  

 

Figure 1. Granules size and shape depending of technological parameters and type of binder  
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Steam granulation (SG) involves the use of steam as the granulating medium instead of 

traditional liquid water [1]. Steam provides a higher diffusion rate into the powder bed and a 

more favourable thermal balance during the drying step. Due to the ability of the steam to 

diffuse, a reduction of up to 50% of the amount of water necessary for granulation is possible. 

Furthermore, the literature reports that the granules produced by SG have a larger surface area 

than those obtained with wet granulation (WG) [2]. However, no articles have been published 

on the effect of steam on the compressibility characteristics of the granules.  

The purpose of this study was to compare the technological properties of granules and their 

relative tablets obtained with SG and WG. To evaluate the effect of the solubility and thickening 

power of the diluents on process performance, different formulations were used containing 20% 

(w/w) caffeine as a model drug, 50% (w/w) microcrystalline cellulose as granulating aid and 

30% (w/w) diluent (maltodextrin, sorbitol, lactose or corn starch) were used. The preliminary 

rheological characterizations performed on the four formulations highlighted that SG requires 

a lower amount of liquid binder than conventional WG; moreover, SG generally allows better 

control of granule growth because it occurs more slowly than WG. Granulation experiments 

were performed using a standardized experimental procedure, and the granules, after drying in 

a ventilated oven, were characterized by sieve analysis to evaluate the particle size distribution 

and by measuring the tensile strength and uniformity of the content. A compression study was 

also performed to identify the compression mechanism. The granules obtained with SG are 

generally smaller, with a narrow particle size distribution and lower crushing strength. The 

granules were then compressed in a single punch tablet machine using different compression 

forces, and the tablets that had a tensile strength of 1-2 MPa were characterized by mass and 

content uniformity tests, disintegration and dissolution tests. The results demonstrate that the 

granules manufactured through SG have better compression properties and the tablets present 

shorter disintegration time and a faster caffeine release than those achieved through WG.  

 

 

 

[1] S. Shanmugam, Granulation techniques and technologies : recent progress. BioImpacts 

(2015) 5 (1) 55-63.  

[2] M. Vialpaldo, B. Albertini, N. Passerini, D. Bergers, P. Rombaut, J.A. Martens, G. Van Den 

Mooter, Agglomeration of mesoporous silica by melt and steam granulation. Part I: A 

comparison between disordered and ordered mesoporous silica. Journal of Pharmaceutical 

Sciences, 102 (2013) 3966-3977.   
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Although the wet granulation process can be performed with different equipment, the use of 

high-shear mixers (HSMs) may offer many advantages. Among these, the most relevant is the 

possibility of performing all the granulation steps (mixing, wetting, and massing phases) on the 

same equipment, leading to a reduction in dustiness, risk of cross-contamination, and toxic 

exposure. However, in general, the drying phase is performed in other equipment to reduce the 

process time (fluid bed) or the cost (ventilated oven). However, drying can be performed in 

HSM if the instrument is equipped with a heating jacket and a vacuum pump.  

The purpose of this research is to evaluate the effect of the type of drying technique on the 

properties of granules and tablets. In particular, the two techniques evaluated were drying in a 

ventilated oven (D-O) or inside the HSG using the heating jacket and vacuum pump (D-J/V). 

The three formulations selected for this study contain: 40% (w/w) microcrystalline cellulose as 

granulation aid, 34% (w/w) lactose as diluent, 3% (w/w) polyvinylpyrrolidone K30 as binder, 

3% (w/w) sodium starch glycolate as disintegrant and 20% (w/w) of three model molecules as 

actives (caffeine, paracetamol or citric acid). The actives are characterized by different water 

solubility and particle size. The study started with a rheological characterization performed 

using a mixer torque rheometer to identify the amount of water necessary for granulation and 

to predict the growth mechanism. Granules were produced following a standard procedure and 

dried in a ventilated oven set at 60°C or inside the HSM using the jacket temperature set at 

60°C and a vacuum pressure of 200 mbar. The process was carried out until a LOD of 3% was 

reached.  

As expected, the data highlighted that D-J/V allows for a reduction in drying time ranging 

from 30 to 45%. The granules were then characterized by sieve analysis (PSD), content 

uniformity, flowability, tensile strength, and compression studies. The results showed that the 

granules obtained by D-J/V are generally smaller, with a higher yield and a lower crushing 

strength. As regards the granule structure, the data and SEM imagines show that the effect of 

the drying type depends on the solubility of the active; in fact, if the active is very soluble in 

water, faster migration and crystallization of the active can occur on the granule surface. 

Granules with a particle size <500 mm were then compressed using different compression forces 

and tablets with a tensile strength of approximately 1 MPa were then characterized by mass and 

content uniformity tests, disintegration and dissolution tests. Results showed that 

compressibility, tabletability, and compactability of the granules were improved using D-J/V 

when the active was sparingly soluble in water, but the disintegration and dissolution 

performances were not modified. On the contrary, when a highly soluble active is present, D-

O allows for an increase of compression properties owing to the crystals present on the surface, 

but it produces a drastic worsening of disintegration and dissolution performances.   
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In powder processing, it is a rather common process to spray or introduce a liquid medium 

on to a powder. Such process is done with the goal to change or enhance the properties or 

functionality of the base powder. For example, for tuning the bulk density, increasing particle 

size, reducing dust or fines in the product, for improving material handing and process safety, 

among other reasons. While this process is common, achieving the desired properties is a non-

trivial endeavour given the number of factors or process parameters that play a role during the 

process. As is often the case, another complexity is introduced when the goal is to translate 

trials performed on a small, pilot scale to larger production scale.  

In the current work, trials were performed on two sizes of a commercially available 

continuous vertical agglomerator - the FlexomixTM [1]. The goal was to study the effect of 

increasing feed capacity and rotation speed on the consistency of the properties of the 

agglomerates produced before and after drying in a batch fluidized bed.  Using flour as the test 

sample and water as the agglomerating medium, it is shown that it is possible to achieve stable 

agglomerate properties, namely bulk density, moisture content and particle size distribution, 

within a wide operating range when the process parameters are properly tuned. Particularly, 

changes in agglomerate characteristics due to increasing the number of nozzles to accommodate 

increasing liquid capacity is reported. Finally, it is shown that comparable results can be 

obtained across the two equipment sizes - an indicator of process robustness for scalability. 

 

Figure 1. The FlexomixTM continuous agglomerator 

 

[1] O.I. Imole, M. Ypma, P. van der Wel, Tuning agglomeration across different scales: a study 

of the FlexomixTM agglomeration system, The Micromeritics. 64 (2021) 35-41.  
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 Undesired adhesion of powder to metal surfaces (sticking) is a significant problem in 

powder pressing sectors including pharmaceuticals, food, detergents, catalysts etc. Sticking is 

difficult to predict in early stage product formulation and process development and usually 

manifests only at full production scale. For example, in pharmaceuticals it is believed that 25% 

of solid dosage forms are affected by sticking [1]. Many factors affect the propensity of a 

powder to stick. One of the most important factors is the temperature evolution of the powder 

during the compaction process. 

 In this work, the effect of temperature on sticking was investigated. A heated punch/die 

system was used to replicate the temperature experienced by the powder in full-scale 

production. The sticking of ibuprofen, aspirin, paracetamol and microcrystalline cellulose 

(MCC) was investigated at room temperature and at 50 ęC. For ibuprofen, the sticking tendency 

increases with temperature while for aspirin it decreases. Temperature has no significant effect 

on paracetamol. Certain excipients such as microcrystalline cellulose do present sticking under 

any of the conditions studied. The results are discussed the context of sticking hypotheses 

presented in the literature.  

  

 

 

 

 

 

 

 

 

 

Figure 1. Microscopic images of powder sticking to punch surface at room and elevated 

temperature.  

[1] S. Chattoraj, P. Daugherity, T. McDermott, A. Olsofsky, W.J. Roth, M. Tobyn, Sticking 

and Picking in Pharmaceutical Tablet Compression: An IQ Consortium Review, Journal of 

Pharmaceutical Sciences. 107 (2018) 2267ï2282.  
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The most common form of drug products are tablets which are often coated to mask the taste 

and controlled release of active pharmaceutical ingredients (API). The coating process of tablets 

is commonly done in a rotating drum, where tablets are moved continuously due to drum motion 

during which coating solution is sprayed and hot air is blown simultaneously so that the solvent 

evaporates, and the solute deposits on the tablet surface forming a film. Achieving a 

homogeneously coated tablet is a very important and challenging task to maintain quality 

standards [1].  

In this work, to predict the homogeneity of tablet coating, inter-tablet coating variability is 

calculated for tablets of different shapes by combining Discrete Element Method (DEM) 

simulations with experimental spray data [2]. Experiments were performed to measure the 

DEM parameters like the coefficient of restitution, and coefficient of friction to accurately 

model the DEM simulations. The DEM simulations were validated against the experiments by 

comparing the tablets surface velocity and residence time in spray zone. The coefficient of 

variation (COV) in residence time was calculated for different tablet shapes (SRC and oblong), 

pan loads, and drum speeds. For the rate of decay of COV as a function of time, an empirical 

fitting using power law correlation was performed. It was found that, the oblong tablets show a 

higher COV than the SRC tablets at 15 and 20 rpm drum speeds for the same pan load. At 30 

rpm drum speed, the COV values for all tablet shapes for the same pan load were very similar 

close.  

 

[1] W.R Ketterhagen, Modeling the motion and orientation of various pharmaceutical tablet 

shapes in a film coating pan using DEM, International Journal of Pharmaceutics, 409(1-2) 

(2011) 137-149. 

[2] L. Pasternak and M. Sommerfeld, Spray characterisation for modelling the tablet coating 

process. In International Conference on Liquid Atomization and Spray Systems (ICLASS). 1(1) 

(2021).  

Figure 1. (a) Tablets in a drum coater, (b) spray distribution contour, and (c) 

snapshot of coated tablets with spray.  
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 Aggregation of two or more types of particles is one of most important processes to get 

access to hetero-aggregates, which are often outperforming homo-aggregates in different 

applications like catalysis [1] or anti-cancer therapy [2]. In order to create hetero-aggregates, 

it is essential to develop and use an appropriate setup that is able to break down the starting 

material to its primary particles. 

 

 In our work, we are following a simple approach to process TiO2 and ZrO2 in a fluidized 

bed, which is generated with air pressure from opposed jet nozzles (Figure 1). The air pressure 

causes the initial homo-aggregates to deaggregate into their primary particles. Due to 

attractive interaction forces (Van-der-Waals, electrostatic, etc.) the fluidized primary 

particles reaggregate and form hetero-aggregates, which will  be characterised regarding their 

structural, optical, electronic and chemical properties. Characterisation methods are chosen 

in order to compare the properties between the single aggregate and the bulk product. 

Methods like SEM and EDX are used to investigate the structures of single aggregates as 

well as the spatially resolved element composition within. Next to that, methods like XRD 

provide information about the averaged composition of the bulk phase. Furthermore, the 

setup parameters will be varied in order to investigate their impact on the properties of the 

hetero-aggregates. 
 

 

Figure 1. Experimental setup of the opposed-jet fluidized bed. 
 

[1] Q. Zhang, C. X. Caiyun, H. Yin, S. Zhou, Enhanced Catalytic Hydrogenation 

Performance of Rh-Co2O3 Heteroaggregate Nanostructures by in Situ Transformation of 

Rh@Co Coreï Shell Nanoparticles, ACS Omega, 4 (2019) 20829-20837. 
 

[2] N. Kutsevol, Y. Kuziv, T. Bezugla, V. Chumachenko, V. Chekhun, Multicomponent 

Nanocomposites for Complex Anticancer Therapy: Effect of Aggregation Processes on Their 

Efficacy, International Journal of Polymer Science, (2020) 9627954. 
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In chemical and process industries, rotating drums are commonly used as mixers, dryers, 

granulators, and reactors for processing particulate materials [1]. Most of the earlier studies are 

limited to the spherical particles and have focused on understanding granular flow in drums 

operating under a rolling regime. However, there are numerous industrial operations in which 

non-spherical particles are heated by hot air flowing through the porous wall of a rotating drum 

operating in the cascading regime.  

In the present work, we attempt to understand the heat transfer mechanism between hot air 

(using CFD) and non-spherical particles (using DEM) in a rotating drum using open-source 

CFDEM software. Non-spherical particles, considered for the simulations mimic 

pharmaceutical tablets having standard round convex (SRC) and oblong shapes. The multi-

sphere approach is used to model the tablet shapes. Collisions between the tablets are captured 

through the interaction between candidate spheres of non-spherical particles. The focus here is 

to study the heat transfer between hot air and particles and the heat conduction between the 

particles. The effects of drum speed and air inlet temperature on the bed temperature 

distribution are investigated. It is observed that the average temperature of the tablet bed 

correlates positively with the air inlet temperature, but the drum speed has no significant effect. 

 
 

 

 

 

 

 

 

 

 
Figure 1. (A) Temperature profile of Tablets (T) and air (Temp). (B): Velocity plot of 

tablets (v) and air (U) 
 

 

[1] Santomaso, A.C., Ding, Y.L., Lickiss, J.R. and York, D.W., 2003. Investigation of the 

granular behaviour in a rotating drum operated over a wide range of rotational 

speed. Chemical Engineering Research and Design, 81(8), pp.936-945.  
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Fluid bed granulation combines two unit operations in a single item of equipment; 

granulation and drying. Much research has been reported on the differences this can cause in 

terms of the granulation mechanisms, for example a greater degree of layering growth compared 

to agglomeration of separate particles [1]. However, much less has been published on the effects 

on thermal design, operation and control. 

Both theoretical modelling and practical experience show that successful operation of a fluid 

bed granulation process requires much tighter control of operational variables compared to 

separate granulation and drying processes. For pharmaceutical processes, the feasible design 

space is much smaller for fluid bed granulation rather than fluid bed drying, even in the same 

dryer, and as a result, inlet air temperature, air flowrate, spray rate and sometimes inlet air 

humidity become critical process parameters in regulatory terms, which does not apply to fluid 

bed drying [2]. This is because the applied spray rate must be kept in close balance with the 

evaporation rate of liquid from the bed. Too high a spray rate leads to overwetting and "wet 

quenching", uncontrolled agglomeration and defluidisation of the bed; whereas too low a spray 

rate gives poor surface wetting and weak fragile granules. 

The Design Space for fluid bed granulation is most effectively expressed in terms of total 

heat input rate (combining effects of air temperature, flowrate and humidity) and spray rate 

[2,3]. The region for successful reliable operation plots as a trapezium or parallelogram. 

Effective scale-up can be achieved by expressing in terms of specific heat input and specific 

spray rate per kg of solid. The theoretical basis is a heat balance over the bed. Even so, 

considerable care is required in the calculations. For example, if the air and liquid flows are cut 

off during filter bag shaking, both the relative durations of the cutoff periods and the pattern of 

the transient flows to regain setpoint values have significant effects on the feasible operating 

region. 
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The single-screw Variable Density Extruder (manufactured by Caleva, UK) is a continuous 

mode powder processing equipment which has the capability of performing granulation, 

spheronization, and extrusion. The Variable Density Extruder (VDE) is a new equipment 

developed and designed for the purpose of evaluating the properties of formulation at varying 

densities.  Product formulation has been a challenge in the development of granules, pellets, 

and tablets in the major powder processing industries. This challenge is not only limited to 

pharmaceutical industries but also agricultural, food and detergent processing industries. The 

EDEM software has been used to model the particle collision pattern to understand the 

agglomeration behaviour under different formulations in VDE.  

This paper assesses the applicability of VDE for granulation purposes using calcium 

carbonate (CaCO3) powder with mean particle size 65 µm as the primary feed powder and 

aqueous polyethylene glycol (PEG) 4000 as the liquid binder medium. For this work, eight 

different experimental runs at four different binder concentrations (i.e., 0.1, 0.2, 0.25 and 0.3 

w/w) and under liquid-to-solid ratios (L/S) of 0.1 and 0.15 have been investigated. From the 

experiments conducted, it was concluded that increasing the binder concentration produced a 

more consistent product with less fines while low-level concentrations of binder produced 

inconsistent products with more fines. It was also observed that formulations at low L/S ratios 

produced fragile products with more fines, and a large range of particle size distribution (PSD). 

The EDEM simulations indicate an increasing contact force with increasing liquid-to-solid 

ratios. The bondstatus and number of particles from simulation result brings an understanding 

to the production of fines as experienced in experimental work. Also, granule strength is a factor 

of a contact force, thus increasing contact force in simulation is directly proportional to the 

granule strength.  

 

Figure 1. Particle Flow in Variable Density Extruder (VDE) 

[1] S. Sarkar, B. Chaudhuri, DEM modelling of high shear wet granulation of a simple system, 

Asian Journal of Pharmaceutical Sciences, 13 (2018) 220-228.  
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A detailed study of hot melt granulation has been carried out to investigate the effect of 

materials and process conditions on granule and tablet properties. A pharma 16 twin screw 

extruder manufactured by Thermo Fisher Scientific has been used to granulate a model 

pharmaceutical formulation consisting of an active pharmaceutical ingredient (API), excipient 

and binder. Ibuprofen was used as the API with alpha-d-lactose monohydrate as the excipient 

and polyethylene glycol (PEG 4000) used as a binder, initially in solid form. These were 

granulated under a predetermined temperature with the resulting granular material collected for 

analysis. Two forms of PEG 4000 are considered in this study, an amorphous PEG and a more 

crystalline PEG form. To establish the influence of these two forms of PEG as well as the other 

operating and formulation conditions, properties such as granule size distribution and strength, 

tabletability and tablet attributes of hardness, friability and dissolution were analysed. Tablet 

friability and hardness improved with the amorphous PEG form, while use of the crystalline 

PEG resulted in faster dissolution time with corresponding higher drug release. This study 

reveals the influence of initial material properties/characteristics on the final granulated 

products (see Figure 1), emphasizing the challenging and complex nature of the granulation 

process. The study also offers an insight into how optimised granulation can be achieved by 

understanding of the relationship between the formulation, process and granule properties.  

 

Figure 1. GSD comparison using crystalline PEG (A) versus amorphous PEG (E)  
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Twin screw granulation (TSG) has in recent times become a popular manufacturing 

technique in the pharmaceutical industry, adapted from widespread use in the plastics industry. 

Continuous manufacturing such as TSG can provide benefits such as lower residence time, 

improved process efficiency and higher product quality when compared to batch granulation 

processes. This study uses calcium carbonate (CaCO3) with a polyethylene glycol (PEG) 4000 

binder to investigate the contribution of two types of mixing elements: chaotic and kneading on 

the performance of the granulation process. Granule properties are assessed in relation to 

process operating conditions and the most significant contributing factor(s) are identified. 

Properties such as granule shape, structure and strength are characterised in addition to 

associated tablet properties of friability, disintegration time and hardness. Results suggest that 

the type of mixing element has a clear effect on granule properties. Depending on the end use 

and product characteristics, a choice between the two mixing elements can be made more 

readily and wisely. Higher tablet strength is observed to result from the use of chaotic elements 

over kneading elements, with associated longer disintegration times. For tablets of shorter 

disintegration times, especially for the purposes of fast release dosage forms, kneading elements 

would be preferred. An understanding of the influence of designs of mixing elements on final 

products thus enables better engineering considerations for sustained manufacturing. 

 

 

Figure 1. Comparison of mixing elements for tablet friability and strength 
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Techniques based on rheology were developed to improve granulation processes, relating 

the particle's agglutination degree with the measured torque [1]. The mixer torque rheometer 

(MTR 3 - Caleva, UK) relies on the multiple addition method as a quick way to estimate the 

binder ratio (mL/g) needed to produce granules with desirable characteristics. However, this 

method provides a limited description of the formulation mixing kinetics. For that, the MTR 

also relies the variable mix time method, which furnishes a torque response to mixing time [2]. 

In this work, a granule formulation (60% ibuprofen, 1% PVP K30, 39% microcrystalline 

cellulose 101) was evaluated by both methods. Three different binder ratios were selected by 

means of the first torque derivative and tested in two mixing speed. A complete factorial 

experimental design 21.31 was elaborated (triplicate), resulting in 18 tests.  

There was an influence of both factors, so that higher rotation provides higher torque and an 

increase in water amount results in lower torque or the need for longer mixing time. The 

literature describes that the binder ratio necessary to achieve the highest torque value (multiple 

addition test) can be considered a good approximation of the ideal granulation endpoint. In this 

case, it is understood that 0.833 mL/g (Torquemax. = 0.565 N.m) would be recommended to 

obtain ibuprofen granules. However, Fig.1 illustrates that a smaller amount of liquid is capable 

of providing a torque value above 0.500 N.m, depending on the sample mixing time. It is 

concluded that a combinatorial study between the multiple addition and variable mix time 

methods is ideal for a better understanding of the formulation and, consequently, definition of 

the granulation endpoint and process characteristics. Therefore, it is an important tool for the 

development of formulations by QbD approach. 

 

Figure 1. Multiple Addition and Variable Mix Time results obtained in MTR assays. 

[1] B.R. Belem, H.G, Ferraz, Rheological profile in mixer torque rheometer of samples 

containing furazolidone and different binders, Chemical Engineering Research and Design, 160 

(2020) 533 - 539. 

[2] Caleva Process Solutions Ltd, Installation and Operation Manual, Version A-01 (2013).  
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Granulation is a size enlargement technique, used in many industries and commonly in the 

food and pharmaceutical industries, to enhance the flowability of materials that would 

otherwise flow poorly. This provides the option for tableting in the latter case, allowing active 

pharmaceutical ingredients (APIs) to be delivered in the correct dosage when administered. 

Both high and low-shear processes are employed for granulation, using either batch or 

continuous processes. This study uses the latter to combine Durcal 65 as the main component, 

and aqueous polyethylene glycol (PEG) 4000 as the binder, to increase the average particle size 

of the main component in a single screw extruder. Using such an extruder has not been covered 

extensively in the literature, so an insight into the fidelity of this process is gained in this work. 

The operating parameters changed in this work include the screw speed of the single screw 

extruder and the coarse/fine ratio of the powder feed. The narrowed particle size distribution 

was determined, in addition to the enhanced flowability properties and suitability for tableting.  
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Wet granulation is a complex process that often incorporates two or more components in 

its formulation to produce robust granules. Due to the individual properties of each component, 

altering the blend formulation can introduce large variability in granule properties and its 

microstructure via the different rate mechanisms. The ability to characterize blend formulation 

based on each componentôs fundamental material attributes and predict its effect on the 

granulation process will significantly improve process understanding and expedite product 

development.   

 This work analyzes the effects of blend properties on the quality of the granules formed, 

which includes the dynamic particle size and granule microstructure. We formulated a multi-

component blend that is industrially relevant, with the goal of determining the contribution of 

each component to the blend properties and its effect on granule properties. Additionally, this 

study also aims to propose the appropriate operating range for each formulation, to produce 

granules of desired quality attribute. A d-optimal DOE and mechanistic formulation-dependent 

population balance was used to improve process understanding and quantify the effects of each 

variable. The usage of soft sensors and in-line measurements for real-time monitoring was also 

explored as a quantitative method of determining rate mechanisms and identifying granulation 

endpoints. As seen in Figure 1, the torque profile indicates the different stages that occur during 

the granulation process, and the responses of granule attribute, such as median diameter (d50) 

and microstructure.   

 

 

 

 

 

 

Figure 1. Dynamic median diameter overlayed with torque profile and microstructure 
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