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o AGGLOMERATION James A. Thompson University, Fabian Way, Swansea SA1 8EN O |
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IN-LINE MOISTURE MONITORING OF Stefan Heinrich Particle Technology, Denickestrasse 15,
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DOSE COMBINATION ANTIMALARIAL Sangeetha Marril,
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POWDERS: CASE STUDY AND RESEARCH| M. Kindlein & ra
GAPS V. Meunier
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FOR PARTICLE SIZE, SHAPE, FLOW, AND | Daniel Markl2 (CMAQC), Strathclyde Institute of Pharmacy
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T RESONANT ACOUSTIC MIXER FOR DRY Zheng Wang? & Engineering, University of Nottingham
POWDER INHALATION Philip Hall*? Ni ngbo China, Ni ngbg

Republic of China

2 Key Laboratory for Carbonaceous Wasteg
Processing and Process Intensification

Research ofhejiang Province, University of
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Extrusionspheronisation 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) throughre@escor 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 dewérgthe 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 exdpisoonisation.
Microcrystalline cellulosevater extrudates were generatgdrédm 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 imageafysis 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.

il (b)

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

[1] L. Wang, C.W. Lim, G.Z.L. Ng, S.L. Rough, D. 1&Milson, Modeling the breakage stage
in spheronization of cylindrical paste extrudates, AIChE Journal. 67 (2021) 1
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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 comparingttgranulation 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 tabletinand 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 soumes of f
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.

Raw material

/Fred hopper

Flake crusher
TV miller
Rollers U /

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

[1] C.S. Omar, R.M. Dhengd,.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 (20183.63

[2] D. Sonam, P. Kulkarni, \Kashikar, B. Jitendr and T. Manoj. A Review: Roller Compaction
for Tablet Dosage Form Development. Journal of pharmacy and pharmaceutical science. 2
(2013) 6873.
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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 highality granules. Due to the cotagity, fast and
opague nature of wet granulation, it cannot be captured by conventional methods such as lab
based Xray imaging techniques. In this study, synchrotrera}( imaging was employed for
the first time to investigate the internal réiahe poreevolution 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 microcrystale 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 wettingtudies 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 perition 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.

(16 s) pon® (x 107)
- f 103

1I1mm

Figure 1. 3D pores volume rendering over time for 50%NMD2APAP.
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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 granulatioproatesses 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 amaftendevdoped 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 deviatims in product quality attributes due to any comroanse variability that
is not fully understood.

This work presents a multivariate approach to develop a robust commercial design space of
a semicontinuous fluid bed wet granulation by reducing developtireiet 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 ugedstreamline 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 duringrydng). Effects of selected primary input variables were
combined into these intermediate variablegBich were then amectedo the granule quality
attributes (e.g., the span of granule size distribution as a function of moisture accumulation rate
and pocessing 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 commerciabtipg design space.

Primary Input Variables - Intermediate Variables - Granule Properties

Moisture accumulation rate (%/min)

Raw material 100 Granule density

properties

Granule flowability
Fluid dynamics

Inlet air temperature (C)

. Granule size distribution
Granulation

operational variables

|
50 . -

50 100 150

Spray rate (g/min)

200
5 @Drypowder charge “2 Kg

A Dry powder charge ~3.2 Kg

\
| o

isture removal rate (%/min)
a1

veAC)
S

Drying operational
variables

accumulation rate
(%/min)

0
= 100 150
Air flowrate drying (m3/hr)

Figure 1.Connectinggranulation process inputs with granule propestiasntermediate
variables

[1] V.N. Emenike, I. Kulla, M. Maus, A. Staab, D. Schrdder, A linear saplapproach to
fluid bed granulation, Int. J. Pharm. 5@921) 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 storagd 1]. Milk powder in particular has nuenous applications in various products, but a
growing number of consumers are tending towards {ilaséd alternatives. The PldBdsed
Milk Alternative (PBMA) model powder investigated in this project, consists of maltodextrin,
plant protein, vegetableland 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 filodd agglomeration process.

To undestand 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, mocstotent, 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 ardugs)
to water contact (blue arrows); (B) formation of a viscous outer layer leading to the
aggregation of swelling particles

[1] B. Cug,E. RondetJ.Abecassisi-ood powders engineering between know how and science:
Constraints, stakes and opportunitieswBer Technology, 202011 244251
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Solid nmoisture content is an importananicle propertyin many applications of fluidized
beds. The importance on the quality of pharmaceutical formulations make-lare in
measurement of the moisture content desired. However attisle propertys 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 expemstleods such asearinfrared
spectrabased reasurements or the microwave resonance technology (MRPpjpomising

strategy for inline monitoring of the moisture content is seénsing.

In this work we compareodeldriven and datariven implementation of a #csensor 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 thdridataimplementations

are based on correlation techniques and machine leammétigods such as artificial neural
networks. The algorithms are developed with experimental datsiRidneasurements in lab

scale and we analyze the influence of different process parameters and material properties on
the soft s ens o reacsossathar prodicyon dcales.ye thenuse the pedicted

moisture content together with otherline measurements as inputs for reale flowsheet

simulations of the drying process. These flowsheet simulations pave the way towards the
development of digital twin for the autonomous control of fluidized bed dryers.
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Figure 1. Artificial neural network for the prediction of solid moisture content based on

process parameters bed temperaturdemperature of fluidization and exhaust gas and

A » and moisture content of fluidization and exhaust@yasand9
shown on the left and a prediction on random samples of a batch dying of@20iets

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: Highshear 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 unitgeéwiously
separate processes, high shear granulation and fluid bed drying, in one batch plrozess.
revolutionary fusion of two processes into a single system eliminates thecoftea wet
milling and conveying of the wet granules. By adjustinggbsition of the bottom plate, the
TwinPro® enables classical high shear granulation (closed position) and subsequent fluid bed
drying in the same unit dpweringthe bottom plate, allowing for inflow of drying air into the
system.

The unification of higtshear 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
technologyAdditionally, 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. Schent& overview of fusion of traditional high shear granulation and fluidized bed
drying into the TwinPro® process.
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In fluidized bel spray granulation, the particle moisture contenttttiemperature during
operation are key parameters, which significantly influence the later product properties such as
flowability and hardness. However, the particle moisture content is usuallyndesdr by
offline measurements based on loss on drying, which is¢onsuming and leads to delayed
process control. Hence, an inline measurement of the moisture content becomes crucial.
Moreover, the influence of process parameters onptréicle moistue content and bed
temperaturshould 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 fluidizedilspray 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 ingémozzle, are varied according to a design of experiments approach.
The resulting inline particle moisture content aretl temperature are correlated with the
process parameters using the response surface methoddélddiionally, the dynamic
behaviour oparticle moisture content and bed temperature according to the change of process
parameters is investigatetihe established models arenimplemented in the opesource
dynamic flowsheesimulationsoftware Dyssol [1] and serve for a modelven softsensing.

Outlet air -—ﬁ:f

Dyssol | i_

Process ‘\l
Parameters -
//

-

Nozzle air
Spraying liquid Particle
(water) Properties =
Fluidization air (Y

N

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, SHeinrich, Dyssad An opensource flowsheet simulation
framework for particulate materials, SoftwareX, 12 (20R@)



O9DEVELOPMENT OR AGRRANEWTRAL AIMD N OWIATH
CALCI UM HYDROXPDBE| TOON

Mi iyung *Kwdwmom KiDongHywn Lee

1 CJ BIOlInstitute, CJ Blossom Park, 42, Gwangggo Yeongtonegu, SuwonGyeonggido 16495,
Republic ofKorea
2 School of chemical Engineering, Sungkyunkwan University (SKKU), 2066 Sepldangamu,
Suwon, Gyeonggilo 16419, Republic of Korea
E-mail: dhlee@skku.edu

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 enesgjfficient way to emove 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 mofeor example, in a-Stage falling film evaporator, about4
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 clodakgdeo 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 thretmyt®phan, valine, isoleucine, and
leucine have very low solubility in aqueous solution at room temperaturé@®f2.00 g H20.

In this study, the manufacturing method of the neutral amino acid granule for the feed additive
using calcium hydroxide wasedeloped.Solubility of neutral amino acids increasd with
increasing the amount oflcium, andit 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.
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Figurel. Effect of mole ratio of calcium to amino acid on maximum allowable concentration
during theevaporation process of various amino acids
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Lithium-ion batteries have been widelgad 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 inditery 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 wasHatmtreasing the
particlecurrent collector (PC) surface energy has little effect on powder spreading while
increasing the particlparticle (PP) surface energy reduces uniformity. It was also found that
decreasing the speed of the blade increasamif@mity of the powder layer. The increase in
PP surface energy increases the formation of agglomerates and large clusters which shows a
nonuniform spreading of the powder. The results presented here offer a basis for the future
application of powder gpading in battery production.

Velocity (m/s)
1.22e-01 S

9.75e-02 l

4.88e-02

2.44e-02

2.16e-12

Figure 1.lllustration of powder spreading in EDEM

[1] Ludwig, B., et al., Simulation of Micro/Nanopowder Mixing Characteristics for Dry Spray
Additive Manufacturing of Lilon Battery Electrodes. Journal of Micro and Nano
Manufacturing, 2017. 5(4): p-&

[ 2] Schalicke, G. , et al ., Solvent Free Man:!
via Electrostatic Coating. Energy Technology, 2020. 8(2): p. 1900309.

[3] Frazier, W.E., Metal Additive Manufacturing: A Reviewournal of Materials Engineering
and Performance, 2014. 23(6): p. 19928.
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The DrucketPrager Cap model (DPC) is a widely usedrfadelling thedie compaction
behavior of metallic, ceramic and pharmaceutical powders. For a good prediction of the density
distribution usingFinite Element Method (FEM), accurate input data (elastic and plastic
properties) are required [1,2]. Generalbych 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 compents 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 standaaliliration 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 pléis parameters of DPC determined using small instrumented die of 1 cm3
of volume, failed to predict the compaction cycle of a parallelepiped compasasuring
16x54x13 mm3. To overcome this difficulty, a mixed procedure of calibration combining data
from small instrumented die and compaction cycle of laggee compact is proposed and
applied to cylindrical compactsgith diametes of 11, 20, 30 mm and a parallelepiped compact
(16x54x13 mm3leadingto new material parameterBhese latestlata weramplementedin
FEM simulations and showed good predictions of the experimental compaction cycle and the
meanrelative densityof the tablet This validation motivai@ the interest of the proposed
approach as a compromise between the need for additional restialmentation and the
generation of compaction cyc thecompactscale

[1] M.D. Riera, J.M. Prado and P. Doremus, Model input dafastic propertiedyiodelling
of PowderDie Compaction, Springe¥erlag London Limited(2008 65-76.

[2] P. Doremus, Model Input datePlastic propertiedylodelling of PowderDie Compaction,
SpringerVerlag London Limited(2008 77-93.

[3] P. Doremus, Model Input datd&ailure, Modelling of Powder Die Compaction, Springer
Verlag, London(2008 95 103.
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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. Hawdélve presence of engravings on the
compacting punch surface induces complex flows leading to heterogeneous density
distributions. Previous studies usingr&y tomography [1,2] investigated the impact of prints,
present only on a single surface of thaeg 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 graves, 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 pulches, with five engravings each one, was conducted. The density distribution was
then characterized usingrdy tomography and predicted by modelling using the finite element
method. Afterwards, a parametric study relative to the position and the geahprameters
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 défettis 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.

VL Numerical prediction X ray tomography
(Avg: 75%)
+8.024e-01
+7.7362-01 |
B +7.448e-01 |

- 47.160e-01 |
- +6.872e-01

- +6.584e-01
+6.296e-01
- +6.008e-01
- +5.720e-01
= +5.432e-01
+5.144e-01
+4.856e-01
+4.568e-01

Figure 1. Groovehape (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) 37386.

[2] S. Swaminathan, J. Hilden, B. Ramey, C. Wassgren, Modelenfptmation of debossed
features on a pharmaceutical tablet, J. Pharm. Innov. 11 (3) (201&@3214

[3] Alonso Aruffo, G., Michrafy, M., Oulahna, D., & Michrafy, A. (2022). Modelling powder
compaction with consideration of a deep grooved puRotuder Tehnology,395, 681694.
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In this contribution, we presentlawsheet simulatiosystem Dyssol [1], which can be used
to model a wide variety of interconnected production prosessduding agglomeration,
granulation, compaction, or dryirig,3]. The framework is being developed since 2012 within
aconsortium of over 15 German universities and industrial partAtr®ough the main focus
of Dyssolis the simulation of dynamic processegranulamaterials, it is also able teandle
steadystatemodels andfluid phasesThe program is opesource andavailable under the
permissiveBSD license that allows distribution, modification, private androencial use4].
Due to its flexibility, Dyssol can be easilgxpanded and supplementaith new models,
making it easy to customize for specific purposes. availablefor both Windows and Linux
platformsandcomes with comprehensive documentation twaters all aspectsf usage and
model development

Financial support from the German Research Foundettigratefully acknowledged
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[1] V. Skorych, M. Dosta, EU. Hartge, S. Heinrich, Novel system for dynamic flowsheet
simulation of solids processes, Powder Technology, 314 (20179 855

[2] M. Buchholz, J.Haus, S. PietseBraune, F. Kleine Jager, S. Heinrich, ChRed
population balance modeling of a spray drying procgdsanced Powder Technology, 33(
(2022)103636.

[3] S.E. Lehmann, M. Buchholz, A. Jongsma, F. Innings, S. Heinrich, Modeling and Eletwsh
Simulation of Vibrated Fluidized Bed DryeRrocessef021) 952.
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Production of dried, powdered fish protein hydrolysates from fish processimgaycts is
a method to add value to a lexalue byproducs. Sardines are a rich source ob{@in, essential
oils and minerals, and the processing of sardines into tinned food results in more than 25% of
their mass ending up as processingpbyducts[1]. These byproducts, heads, tails, viscera,
like their source, are also rich in nutrientsttban be harnessd@]. 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 maltodextri(stabilizer) conentrationaffected dry powder recovery and
powderequilibrium moisture contemtfter spray drying.

Dry powderrecovery for low DH ranged fro@.456 to 0.565 g/g dry feedvhile that of high
DH ranged fron®.233 t00.323g/g dry feed A significant amount of dry powder was recovered
from the walls of the dryer chamber, accountingG@&32 - 0.452 g/g dry feedfor low DH
sample an®.624- 0.817g/g dry feedor high DH. The difference in dry solids recovery could
be due to the diffences in zetpotential, where FPH obtained at high DH has a high negative
zetapotential.Furthermore, highddH resultedn higher hygroscopicity in thEPHpowder

The addition of maltodextrin produced powders with t@ghilibrium moisture content gX
at low water activity (&) of 0.113 and0.328, regardless of DH or drying temperature. More
stabiliser reducedefor powders exposed & above0.529 but there was no clear relationship
between maltodextrin concentration and @ualitative analysisiso showed that FPH powders
lost their flow properties &y greater thar®.328. Some powders became sticky solid lumps,
some cakedvhile others collapsed. The practical significance of this result is that FPH powders
can be easily handled in any proceasironment where thay is less thar®.328 without any
loss of flow properties. Tk prevents the unnecessary dilution of protein and the negative
effects that high maltodextrin levels hasather physicochemical properties suchpasvder
solubility and foaming capacifs].

[1] X . Wan g, ANat ur al bi oactive compounds fror
Academic Press, 2021, pp. 3938.

[2IN. Greyling, A. Bordol oi, and N. J. Goosen,
(Lophi us vomerinus) heads hydrolysis towards pc
Convers. Biorefinery, pp.il2, Mar. 2020, doi: 10.1007/s133920-00650z.

[3]Y. N . Fawzya, S. M. Nur satya, R. Susil owat
Protein Hydrolysate from Yellowstripe Scad (Selaroides leptolepis) Produced by a Local

Mi crobi al Protease, O i n E3S We b of Con
10.1051/e3sconf/202014703017.
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Powder compresion executed with rotary tablet presses requires traditionally an internal
lubrication to reduce friction between dies, punches and powder. Here, aftdemaeng the
drug and excipients, a subsequent blending step is executed to blend lubricamtl@addor
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 thatdevas tested, whetlee lubricant
is directly dosed into théeed frameof the rotary tablet press

In this work, internal lubrication and feed frame lubrication were systematically compared
with focus on tablet propertieshe design space included variatiorfedd framespeed from
40-120 rpm andubricantcontent from 0.5..5 wt%. Responses were wetting angle, tensile
strength, disintegration time, dissolution time and ejection forablets produced witfeed
framelubrication showed lessegativeinfluenceon tabletproperties compared with internal
lubrication.Figure one shows erglary the reduction of disintegration time for variatian
feed framespeedandlubricantcontent.

Due to the additional blendirsgep dunng 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.

reduction of
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Figure 1.Schematic representation of the feed frame lubricdtest) and contour plot with
disintegration time reduction for feed frame speed and lubrazaniéntvariations(right).

[1] M. Zimmermann, M. Thommes, Residence time and mixing capacity of a rotary tablet press
feed frame, Drug Dev. Ind. Pharm. 47 (2p290 798.
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Gliclazide is used in the treatment of type Il diabetes me#maisequires twice daily dosing
using immediate release oral tablets with an average diameter of 11 mm. The ais of thi
research is to prepa@ppealingorally disintegrating tablets (ODTs) comprising gliclazide
layered andsustained releas&R) coated micropelletsmaller than 250 prby applying the
novelMi cr oCoat E.technol ogy

Gliclazide layered microcrystalline celoge (MCC) spheres we&R coated withaqueous
dispersions oethyl cellulose and hypromellose (80:20) using a fluid bed cdateing SR
coating the Mi c was@ppledvherebgpagiesiumlsteagaye (MS), sodium
stearyl fumarate (SSF) oolloidalsilicon dioxide (SD) wergeriodicallyadded as dry powder
glidants into the coating chamterfacilitate micropellet flow and eliminate agglomeratibh [

ODTs were prepared lmpmpressingq, 8 and 10 kNiorce) 69.5 % w/wo-processed mannitol,
MCC, carmellose and crospovidgng0 % w/wSR micropelletand 0.5 % w/wMS). ODT
hardness, friability and disintegration were measured according to USP standards. An
additional disintegration method was applied using texture analysis[@A vitro drug
release from SR micropelleasid ODTswvas observed usinge USP 1l (paddle) method

The application of MicroCoatE tech®D%.ogy | €
A compression forceof 10 kN was found to cause coating rupture so 8 kN was used
swccessfully Regarding theMicroCoa€E  effecton ODT performancgehardness was highest
following the addition of SDODTSs comprising MS disintegrated more slowly compared to
when SSF and SD were uskdt still occurred in <30 SR lasting 15 h was observédm
ODTs where MS and SSF were added during micropellet coating whereas SD inclusion caused
fast release

SEMHV.SORV | W m
SEM MAG: 30 x Det SE 2mm

sE x : SE
View roi 923 mm | Dwta(midry) 0S72N22 " Micrar L

Figure 1. Prepared ODTs with intact smgular coated mlcropellets present in the tablet matrix

[1] Mohylyuk V, Patel K, Scott N, Richardson C, MurnddgeLiu F. Wurster fluidised bed
coating of microparticles: towards scalable production of oral sustaghease liquid
medicines for patients with swallowing difficulties. AAPS PharmSciTech. 2020 Jay21:1

[2] Abdelbary G, Eouani C, Prinderre P, Joathdi, 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;2929-41.
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Size control igranulation is of great importance yet is often difficult to achi®ierent
methods of modelling the growth behaviour and from this determining the size distribution have
been implemented, with population balance models being common. Discrete Elestieod$/
(DEM) Models have been used to obtain collision behaviour statistics, which is then fed into
other models, but only rarely has it been used to directly model the agglomeration behaviour
itself. Even then, the behaviour is modelled through the amthes$ia subset of particles in the
greater bulk.

Here a novel approach is used which instead models the coale$sbece two or more
granules combine into a single largeanulg 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 saturatiover timg of the granules. The simulation can als®
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 demonstrdisisibution
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.
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Figure 1. Granule growth behaviour within the DEM simolatidemonstrating induction
growth and the distribution of sizes.

[1]W.K. Walls, J.A. Thompson, S.G.R. Browipwards a unified theory of wet agglomeration
Powder Technology, 407 (202217519
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While a sintering paste containing Agated Cu particles is expected to be widely used for
formation of electrodes and die attachment owingrioce competitivenesschange in contact
states between particles and early oxidation of core Cu during the process, derived from
dewetting of Ag shells at temperatures near 2Q&everelydeteriorateahe electrical, thermal,
and mechanical properties byctdease in sinterability.

In this study, submicron Agoated Cu particles were fabricated, which was followed by
surface modification using dilute carboxylic acids as to suppress the Ag dewetting.
Carboxyhktegroups bindedon the surface of Agoated Ciparticles andthenorganemetallic
surfaces (COO-Ag) of a rough morphologwere formed taeduce surface energy [Mhich
wasverified by X-ray photoelectron spectroscogydFourier transform infrared spectroscopy
The paste containing Agoated Cu particles was prepared by mixing with a reducing solvent
and was printed on a slide glass. Subsequently, a pfilmedas sintered at 300 for different
times (I 10 min).Electrical resistivities of the filmsinteredusing surfacemodified Cu@Ag
particles were significantly lowdghanthose bynontreatedones Theorganemetallic surface
effectively suppressed the dewedt of Ag shells during heating. Hengaromoed necking
between particlesesulted in the decreaséelectricalresistivity.
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Figure 1. Schematic illustration of different sintering methods using submicrao#tgd 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 salinteringsilver micreflakes and its application in low temperature
curing conductive pastes, Journal of Materials Science: Materials in Electronics, 30 (2019)
2134321354.
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Twin-screw granulation offers in comparison to hgjtear granulation or fluidizeloed
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 fluiddoger. 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 tvdarew granulator and dryer QbCod&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) Ochh above the distributor plate. Dependend on therlay
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 1finutes of recorded temperature and humidityenesed 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 batchwig@d-bed dryer but in the space domain as the granules

are drying while transportation. The less-drying of the dried granules were 1¥©.13%
(lactose formulation) and 0.670.07% (mannitol formulation).
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[1] R. Meier, D. Emanuele, P. Harbaum, Important elements in continuous granule drying
processes, TechnoPharm, 10 (2020)L02.
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Influence of the roll speefRS) during roll compaction (RG)n the ribbon solid framn
prediction is often neglectetlany postulated models to predict the ribbon solid fraction e.g.
the Midoux number [1], which can be used éguipment transfer and upscalirexclude the
RS as a process parameter. The authors themselvesmatt@treasedRS could weaken the
predictive accuracyPA) of the mode[1]. The RS can be transferred into a dwell time (DT),
which was defined the time whettee pressure is above 390of 0 . The appliedvalues for
RSwerechosen to have equidistadT steps

The effect of the RS on the ribbon solid fraction prediction was systematically investigated
compressing microcrystalline cellulose (MCC) at several maximum roll presgures é&nd
DT combinationausingthe gap controlled roll compactd@RC25 (L.B.Bohle Maschinen +
Verfahren GmbH, Enningerloh, Germanyjhe PA of the ribbon solid fraction using the
Midoux number, a simplified Johanson modelasnetermined For a more plastically
deformable material such &4CC the PA drops from 1.15 to below 0.9 thi the highest
accuracy betweea DT of 100 and 66ns, which corresponds to RS of 2 angb®. Thisled to
prediction accuracies over &l of p8t ¢ T8t candT@o Y T8t T respectively@  O.
Thus,RS seems to be an important factor in the predictibroll compaction processes and
prediction models should includS as parameter to improve their acacy.
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Figure 1. Prediction accuracy of the ribbon solid fractuath changingDT; individual
valuesg «.

[1] R. Sousa, P.C. Valente, M. Nakach, lar@et, M. Wacquet, N. Midoux, J.R. Authelin
Roller Compaction Scaldp Made Simple: An Approximate Analytical Solution to Johanson's
Rolling Theory, J. Pharm. Sci. 109 (2020) 253%13.
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Previous studies have successfully measured granule moisture content in fluidized beds with
microwave sensord]. This allows to operate a fluidized bed at optimal conditions even for
critical sulstances, 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 ¢embed; 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 operativith a single resonance frequency showed limitations at
high granule moisture conteahd were not able to cover a wide range of granule moisture
contents This paper describes the applicationh&novelmicrowavesensolTEWS MW 4200
working atresonancérequencie®f 2 and 6 GHzThe moisture sensor is calibrated with batch
experiments (Figure) and validated with continuous experim€atiration data is gained by
taking samples throughout the experiment and offline analysis using the gravimetio meth
For agglomeration in the fluidized bed water is sprayed on maltodextrin DE 20 (FRyajo&),
reliable inprocess moisture contr@t a wide range ofnoisture contentsand different

temperatures iachieved Additionally, it is shown how to gain inforation of the particle size
from the measurement data.
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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. Buschmdulleyr W. Wiedey, C. Ddschey J. Dressler J. Breitkreutz In-line monitoring
of granule moisture in fluidizeded dryersising microwave resonance technology, European
Journal of Pharmaceutics and Biopharmaceu@@$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, nassofoes, 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 s=sign 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
spoutedbed 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 ohdmetrise 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 aggloatien of nanopatrticles in fluidized beds can
be route to new and superior products. The main objective is to break path for the mixing of
verysmall, fluidized particles thetero agglomerates with new and superior properties. Bridge
the gap between clasai NPs and conventional fluidized particles by including submicron
particles into the investigation. Additionally, find the level of-sgglomerate mixing and push
the level towards individual NPs by application of #tame, i.e., not sintered, raw metd.
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 williéveloped.

[1] J.P.K. Seville, C.D. Willett, P.C. Knight, Interparticle forces in fluidisation: a review,
Powder Technology. 113 (2000) 2@68

[2] J.R. van Ommen, J.M. Valverde, R. Pfeffer, Fluidization of nanopowders: a review, J
Nanopart Res. 1#2012) 737.

[3] E. Tsotsas, S. Heinrich, M. Jacob, M. Peglow, L. Morl, Intensification of Fluidisztl
Processes for Drying and Formulation, in: Modern Drying Technology, John Wiley & Sons,
Ltd, (2014 85i 130.
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Emulsionbased powders, such as infant formwas produced by spray drying, and the
stability of the emulsions after reconstitution is of major importance to provide aesdiadg
of the baby However, during the production of infant formufae-spray drying processing
parameters, such as concentration of the feed and heat treatment temperature, affect the
properties of the emulsion powders and consequemly affectthe stability of the emulsion
after reconstitution. Previous studies showed tgjraficant reduction in energy consumption
could be achieved by producisgraydried infant formula from feeds witB0% total solids
(TS) pasteurized at 75 °Cpmpared to 50%3 and 100 °Cyhile obtaining powders with less
than 7%whey proteirdenaturation, no loss of available lysine during procesamgjimproved
wettability and rehydration [1, 2However, limited studies are found regarding the stability of
reconstituted mulsion powders.

This study aimed to assess the effifgpasteurizationemperature and concentration of TS
in the feed on the stability of theconstitutedemulsionspowders. For this purpose, infant
formula wetmixes with 45 or 55% TS were pasteuriz¢éd5 or 100 °C for 18 s and the powders
obtained were produced at pilot scale usingsBA Mobile Minor | spraydryer. The
characteristics of themulsion feeds and theeconstitutedemulsions(125% TS) were
compared

The emulsiorfeeds with55% TS were flocculatedyith large particle size, high apparent
viscosity, and pseudoplastic behavior. Lightcrascopyobservations of the reconstituted
powders showed th#tie flocs were disipted during spray drying in 55% emulsions pretreated
at 100°C while the 55% emulsions treated7&°C remained flocculated, reducing its stability
postreconstitution. The four reconstitutedemulsionswere mainly stabilized by caseins,
althoughb-Lactoglobulin was also detected at thewsdlter interface imulsiongreheged at
75 °C and aggregated in the continuous phase of emulsiehsated at 100 °C.

In conclusionpre-processing steps such as heat treatment and concentration of the feed can
be optimized to improve the energy consumption and powder progdartiteeir 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 -ohixédbtal solids
content and heat @ément on physicochemical and tectooctional properties of infant milk formula powders,
Powder Technology 390, (2021) 4481

[2] M. R., Arzuaga, K. Aalaei, DF da Silva, S. Barjon, M.C. Afidn, A.G. Abraham &Hrné. Infant milk
formulae processing: fefct of wetmix 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 concen 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 witbhialj
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 pagkagiterial. 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 propertieslmoth 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 ® food capillary number Gaq and packaging capillary number
Caack Experimental substance migration tests performed with food analogues and model
packaging were compared to literature values of oleogetslidg into paper substrates. This
technique ould be applied to link barrier performance of various fpadkaging systems to
their physical microstructural and rheological properties, and act as a tool to predict and select
best packaging candidates.
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Figure 1. Experimental food capillary numbenggt packaging capillary numbérs= time



25. Ml MI CKI NG THEURBH ROETNATURAGSI Te@BPB8Y
MERGI NG SPRAYANRYWABRBM COMPARRIOCEN S

Sophia Rothber-Bra®Gwan&] 8t f anhskEé@in

Institute of SolidProcess Engineering and Particle Technology, Hamburg University of Technology,
Denickestraf3e 15, 21073 Hamburg, Germany
E-mail: sophia.rothberg@tuhh.de

Bio-composites such as nacre or bone show outstanding mechanical properties which
surpass those of tinesingle 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 amécdd 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 wito# polymer. Through warm compaction of
the coated particles, a polymer matrix is formed where the hard particles are embedded, thus
mimicking the structure of biocomposites such as nacre. Several studies with commercial
particles and polymers, usinggtprocess 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 @soperti
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 surfacegragstrinterface 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.

Surface-functionalized Suspension from Spray drying process Warm compaction
particles particles and polymer process E
solution

Figure 1.Processaute 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 (projectber 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
smallvolumeis subjected to a uniaxial force. The mechanical strength and porosity of tablets
are affected by the particle size distributifitj as well as process variables including
compression speaahd compaction forcg].

In this study, thdiscreteElementMethod(DEM) was used tsimulatethe compactiorof
dry particles in @aableting proces@-ig.1). The purpose of this work is to compare the capability
of different cohesion contact models from two DEM software namely EDBNhir
Engineering, Troy, Mihigan, USA) namely the Hertnindlin with JKR and the Edinburgh
elastoplastic 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 simulatovie d el 6 Phar m, )Boeidemity seeds Fr an
for more precise model calibration or model extension
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Figurel. 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. Winsch, J. H. Fink, E. John, M. Juhnke, A. Kwaddnternational journal of
pharmaceutics, 2021, 599

[2] W. R. Mitchell, L. Forny, T. Althaus, D. Dopfer, G. Niederreiter, and S. Palzer, Chemical
Engineeing Science, 2017, 167, 241
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Many industrial processes uagglomerated powders, composed of various particles, which
adhere to one anoth¢i]. During powder mixing operations, agglomerates experience a
complex variety of mechanicatimulations The agglomerates often break and fragments may
recombine to form ne agglomeates with a different structuréhe aim of this work is to study
the fragmentation phenomenon of agglomergvesvdes in order to better understand the
causes and factors affecting the fragmentation prg2e3js

An innovative experimental &g has been built, where an inclined blade applies a
controlled stresen a thinbed of precipitated silica agglomerat&éhe shear stress is controlled
by the translation speed of the blade and the normal stress by the weaghass set on the
blade.A parametric study is performethdthe local internal stress tensorside the powder
is derived from force transducers instrumenting the setup. Granulometric measurements as well
as qualitative observation of the granular material after shearingesaaomplete this study.
In addition, a theoretical study is carried out using a population balance moaoleler 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, equiplobnt.
Wiley & Sons, 2008.

[2] Dumas, T., 2012. Renforcement des pneumatiques par la silice. Caracterisation physio
chimique et dispersion des granules de silice (Thesis, Ecole hlati®upérieure des Mines de
SaintEtienne).

[3] Boudimbou, 1., 2011. Mécanismes élémentaires de dispersion de charges de silice dans une
matrice élastomére (Thesis, Ecole Nationale Supérieure des Mines de Paris).

[4] Kumar, J., Peglow, M., Warnecke, G. ahkinrich, S., 2008. An efficient numerical
technique for solving population balance equation involving aggregation, breakage, growth and
nucleation. Powdefechnology, 182(1), pp.8104.
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This study aims for amelioration of drawbacks by implemented in fluidiked
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
parametes for FBHC include the pH and [S]/[Zn] and these are optimized to maximize the
crystallization efficiency of nickel99.9% of total removal (TR) and 99of crystallization
ratio (CR) at [S]/[Zn] = 1.5, pH 8.6 £ 0.3 and an input nickel level of 196@&nig. 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 #r@S granule is more competitive than
the sludgeconducted Z8 in batch reactor in terms of solid water content between granule and
sludge.

SU8010 10.0kV 8.0mm x70 LM(L)

Figure 1.Recoveryparticleas anc sulfideusing fluidized bed homogeneouystallization
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The dropletsize distribution of twirfluid nozzles is a relevarnparameter for wet and melt
granulation.Conventionalmodels only considerthe meanvalue of the dropletsize distribution.
Therefore, a predictive model for dropkéte distribution was developed.

The dropletsize distribution was determined for tavin-fluid nozzle (970 S4, Schlick)
experimentally(Spraytec,Malvern) using different sprayrates (0.9 to 2.1 kg/h) and atomization
pressures (50 to 236 kPa). Experimental data were required to parametrize thedewand
subsequentlyvalidate the model performance. For the model development, the Aliseda
approach [1] predicting the Sauter diameter (eq. 1) and the Maximisation of Entropy Geffigration
predictingthe distribution (eq. 2) were consideredEachof thosemodelsutilizes two parameters,
which need to be estimated from experimental data. These parameters characterize a specific nozzle
but are independent from material properties and pracesiitions.

The new model predicts the dropkite distribution adequately (Figure 1). Applied to aremelt
granulation processes, it is seen to be a sufficient tool to predict pastzadistribution and porosity

of granules.

a2 = "QY QD Qw QOywq| & 'gha 'BrQe—a) (eq.1)
63((;‘) = 'quZ,r‘],"Y” o} "‘jhni ) (eq.2)
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Figure 1 quotient between predicted and observed quantities of size distribution of the process
conditions

[1] A. Aliseda, et al., Atomization of viscous and Aoewtonian liquids by a coaxial, high
speed gas jet, Experiments airdplet size modeling, Int. J. Multiph Flow, 34 (2008) 161
175

[2] X. Li, M. Li and H. Fu, Modeling the initial droplet size distribution in sprays based on the
maximization of entropy generation, At. Sprays, 15 (20053205
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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, spidying is a continuous process, scalable and widely
used for different application such as dairy products, active pharmatezampounds, oll
encapsul ation éHowever, high temperature is
and leads to the degradation of kheansitive compound®©n the other hand, freedeying is
a batch process using sublimation to preserve ttieeaduring 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 sensue product reducing the production cost to compare to freeze dryer
[1], [2]. In this processhithepresence of the electrostatic field, theramsigration of solvent
to the surface of the droplet which allet have a complete drying at low temperasjB].

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.

DROPLET TEMPERATURE
DROPLET TEMPERATURE

DRYING TIME
DRYING TIME

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

[1] P. Jayaprakash, A. Maudhuit, C. Gaiani, S. Desobry, Encapsul&baractive compounds
using competitive emerging techniques: Electrospraying, nano spray drying, and eléctrost
spray drying, Journal of Food Engineering, 339 (2023) 111260

[2] T. T. Mutukuri, Y-F. Maa, R. Gikanga, R. Sakhnovsky, Q. T. Zhou, Electrostatic spray
drying for monoclonal antibody formulation, International Journal of Pharmaceutics, 607
(2021) 120942

[3] A.K. Masum, J. Saxena, B. Zisu,-Edctrostatic spray drying of high oil load emulsions,
milk and heat sensitive biomaterials, Food Engineering Innovations Across the Food Supply
Chain, Ed Academic Press (2022) 2316
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Wet granulation, such as twatrew wet granulation, is a multiphase process utilized to
produce aggregate particles with defined properties from very fine pov@lenslating these
processes on the microscale is challenging because of the large miirpadicles involved,
which differ widely in both size and material propertMacroscale methods, tracking only the
particle bulk properties, are efficient but do not resolve disperse particle properties such as the
particle size distributionRSD), which is key information for downstream processifgese
deficiencies are addressed imyltiscale methods likpopulation balancenodeling(PBM),
which tracks distributed properties, such as the particle size, by adding them as internal
variables to the maoscale (CFD) modelMost of available methodgo track disperse
propertiesare either inaccurate (method of moments) or computationally expensive (Monte
Carlo, class method§)]. Recently a new closure for the method of moments, the quadrature
method ofmoments (QMOM), was introduced which allows accurate moment tracking of a
PSD with the efficiency proportional to €FD simulation[2]. In this studywe propose a
framework of a maximum entropy reconstruction (MER), whiws proven to reliably
reconstrucPSDs from its momentspupledto aQMOM as a fast and reliable evolution and
reconstruction algorithm.Coupling of both methods has several advantages for the
reconstruction algorithm. Special caggwth, aggregation or breakagare utilized toverify
the frameworksee Figure 1 for an example on constant aggregation of partdol@selevant
numerical as well as theoretical issues are discussed. For validation the framework is
successfully tested on a twatrew wet granulation dataget.
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Figure 1. Time evolution ofavolumetric 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 Computat Fluid Dynamics, Annu. Rev.
Chem. Biomol. Eng. 11 (2020) 33366.

[2]D.L. Marchisio, R.O. Fox, Computational Modelsr fPolydisperse Particulate and
Multiphase Systems, Cambridge University Press, 2013.

[3] T. Plath; C. Korte, R. Sivanesapillai, T. Weinhart, Dataset as a basis for process modeling
of twin-screw wet granulation: A parametric study of residence time lisiohs and
granulation kinetics, 2021, 4TU.ResearchData. Dataset.
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Wet granulation processes are difficult to scale up because conventional methods require
ample experimental datat scaleto determine the modavourable operating conditions.
Therefore, an approach is required which is basedomentific understanding of theet
granulation process, key operating conditions and performance indicators. A systematic model
driven framework can facilitate thisae-up process by reducing the number of experiments
required,particularlyat large scale. Such an approach helps to designdagje experiments
and reproduce desired experimental outcome observed at small scale which is needed for a
successful processaleup.

This case study demonstrates the workflow of a sgaleampaign for higlshear wet
granulation processes using a dimensionless regime analysis approach. The workflow includes
calibration and validation of a regime analysis model for hsplearwet 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 mapmat scale. Additionally, the
calibrated maps are validated using large (or pilot) scale experimBmtscale up the
granulation processhe calibrated regime maps were applied to identify the optimal operating
range at the large scale. The outcomesvstiat regime analysis approach is useful for high
shear wet granulation scale.
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Roller and tablet compaction are key process steps in the production of pharmaceutical
tablets. Becausexperimental 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 predic
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 obgeofiemploying 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 trainefar
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 developndhitiokhally, more advanced
modelling solutions will be described that build process understanding under uncertainty and
minimise tableto-tablet variability.
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Malaria is one of the most devastating diseases on the planet with children aged 6 months to
5 years mongstthe worst affected. Artesunate (A&inodiaquine (AQ)re included as a fixed
dose combination in currenVHO guidelines, howeverAQ is renowned for its poor
palatability, leading to incomplianda paediatric populationsThe aim of this work is to
develop a fixed dose combination of taste masked AS/AQ micropellets (diameter <260 um)
oral administration in young children.

AS ard AQ were separately spray layered onto microcrystalline cell(ld$&C) in a
modified bench top fluidized bed coat&éhe AQ layered micropellets were taste mask coated
using 80/20, 77.5/22.5 and 75/25 ratio®ajanic ethyl cellulose (polymer) and hyprellose
(pore former) solutionat 10, 15 and 20 % coating | evels
applied during coating whereljyowderedmagnesium stearate was added into the coating
chamber via an external feeding port. Micropellet diameter was meassgieg laser
diffraction. Drug release from coated micropellets was measuredtro using USP I
apparatus. Taste masking was determimedlitro by dispersingmicropellets in 10 mL of
deionised wateand comparing release to a known bitterness thres@olicentrations of AQ
and AS were quantified using UV and HPLC analysis, respectively.

By applying Mi cr,yié@dfartalEcoating tritlavas $96 #yAS release
(>90 % in 5 min) was observed from layered micropellatslO % CL AQ release wa®o
slow from micropellets coated with an 80/2ihyl cellulose/hypromellosatio andtoo fastat
a 75/25 ratioAt a 77.5/22.5 ratio and 10 % CL AQ release was accepthbieever, taste
masking wasincomplete with 0.17+0.01 mg/mteleaseafter 1 min (bitterness threshold
identified at 0.069 mg/mlTo 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 limitsand taste masking was achievgd.01+0.00 mg/m). The AS layered
micropellets and taste masked AQ micropellets were measured to have an average particle
diameter of 179 and 225 um, respectively

o 120 .
9 —&— AQ micropellets (77.5/22.5,
o 100 Et hocel E/ Met hoce
)
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o 60 —&— AQ micropellets (77.5/22.5,
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FigurelPer cent age of AQ released from 77.5/22.
micropellet 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 pdact 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 proess parameters, e.g. the liquid mass flow. By influencing the characteristic of the
injected droplets, these parameters also have an effect on thdéicgotidinteraction 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 thefltneb nozzle is analyzed by
recording the spray cone with a highspeed camera at varied spray parancralaating
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 theflwo nozzle. Furthermore,
granulation experiments were performed in adaale fluidzed bed using Celle®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 concernirgytiurface morphology using confocal laseanning
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 aesing these different coating structures, thermal conditions in the fluidized bed
also have to be considered.

uncoated particle

N

coated particle

|

Figure 1. Scherﬁé of a fluidized bed spray granulation with highspeed camera image of the
spray cone and SEM images of uncoated and cqaitidles.

liquid spray
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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 reconstitutioleducing 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 saglupon 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 n@dapted 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 presentedtudy 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 gructures were produced by spray drying and a subsequent granulation step (roller
compaction, fluidized bed agglomeration) and subjected to-X&dDs to get accurate data of
the powder bulk structure. Stepwise digital dilation of the powder bllksBuctre 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-gpt(Figure 1). Water penetration was
simulated using the software Geodict. The prediction from tigatiswelling simulation were
successfully validated in imbibition experiments with powder containing pea protein.

To implemensimilar prediction tools for industrial application, faster and simpler methods
as well as detter understanding of the ra}é material swelling during the reconstitutiare
needed and should be investigated in future studies on powder reconstitution.

Figurel. 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 preferretet¢banically 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 um since theplet size is large, the mean droplet size is
around 40 pum in diamet¢t,?2].

In this study, an aerosol fluidized bed (AFB)used to coat particles. A new aerosol
generator is used to get coating solution droplets smaller hariridiameter. Glass particles,
which have a mean diameter of §58, were used as a nguorous corenaterialand the coating
solution was sodium benzoate (NaBanning electron microscope (SEMictures were
analyzed byMATLAB image processing progna for evaluating the coverage with the
curvature effect. Monte Carlo (MC) simulatiorwasused to simulate the coating of fluidized
particles by aerosol droplets. The purpose of this wotlkesletermination of possible island
growth on particles, anthe investigation of the reasons of it by comparing the experimental
and simulation results with innovative changes.

Figure 1.SEM picture of thgpatchycoated particle

[1] R. Zhang, T. Hoffmann, and E. Tsotsas, Novel Technique for Coating of Fine Particles
Using Fluidized Bed and Aerosol Atomizer, Process€2020)1525

[2] M. Mezhericher, C. Rieck, N. Razorenov, and E. Tsotsas, Ultrathin coating of particles in
fluidized bed using submicron droplet aerosol, Particuology2630)23i 29.
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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-ft]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 con¢Emure 1) is the rotation of a central
spindle, which drives frelowing planetary spindles in a surrounding roller cylinder due to the
toothing of all these componentEherefore,the orbital motion is commutated, while the
rotation is opposed. In atidn, 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 gratation 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 limitabns 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 indicatorefor th
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.

barrel

motor feed planetary discharge
spindle
planetary
spindle
central
spindle
free volume

central spindle roller cylinder
(heating) (heating)

heated surface

Figure 1. Radial cross section of a planetary roller granulatdoy gled axial cross section of
the modular machine concept (right)

[1] H. LeuenbergerNew trends in the production of pharmaceutical granules: batch versus
continuous processinguropean Journal of Pharmaceutics and Biopharmacgb®i(3) (200}
289 296

[2] P. Serno, P. Kleinebudde, K. Knop, Granulieren: Grundlagen, Verfahren, Formulierungen,
Editio-CantorVerlag, (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 widled 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 compressiarThis makes tablet formulation development an inefficient-ématerror
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 ofydrophobicity 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 (@d2V/V) with increasing increments of 0.02
VIV as wellas gaining a full picture (0-2 V/V) with increments of 0.¥%/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
hydrophdicity into MCC at varying mass fraction. There was focus on a lower mass fraction
(0.020.1V/V) with increasing increments of 0.02V as well as gaining a full picture (012
V/V) with increments of 0.¥/V.

It was found at low mass fractions (0:021VV/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 fractie@s8 (0.6
V/IV), it is hypdhesised 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 pharmaceutmatipr mixtures. Int J Pharm. 531(1)
(2017) 21524

[2] Sun CC. 4 Role of Surface Free Energy in Powder Behavior and Tablet Strength. In:
Adhesion in Pharmaceutical, Biomedical and Dental Fields. 20177 875

[3] Sunkara D, Capece Nhfluence of Material Properties on the Effectiveness of Glidants
Used to Improve the Flowability of Cohesive Pharmaceutical Powders. AAPS
PharmSciTech.19(4) (2018) 1923D.

[4] Zuurman K, Maarschalk KVDV, Bolhuis GK. Effect of magnesium stearate on bonding
and porosity expansion of tablets produced from materials vigreht consolidation
properties. 179 (1999) 1075.

[5] Mishra SM, Rohera BD. Kchanics of tablet formation: a comparative evaluation of
percolationtheory with classical concepts. Pharm Dev Technol. 24(8) (201%9&54
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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. Oa tine 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 analytied offthe
laboratoy. Slowdownsoccur as a result of manual sampling, transportation from the plant to
the laboratory, preparation and execution by the operator.

Continuous ofline measurement techniques overcome the disadvantages of sampling,
especially if multiple proceggmrameters or replication measurements are debBuetthermore,
any undesirable changes in the process can be addressed directly by using this data within the
process control strategy. In this worlearinfrared spectroscopy (NIR), capacitive moisture
measurement (CMandin-line particle size measurement usspgatial frequency filtexr (IPP)
are employedThe scope of this work was to calibrate these sensors within &tage
continuous pilot scale spragglomeration 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 aariety 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). Severpiquessing methods were
evaluated and tested for their suitability as a basis for model builfimggoftline 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 ligtiesicay 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.

Complexprocesses such as continuous spray agglomeration require advanced measurement
technology for dynamic contrdl'he generated model should allow an assessment of the current
agglomeration behavior based on the recorded NIR spectra. Hence, process corbe| ca
improved, such as determining the optimal injection of binders or responding to raw material
fluctuations, consequently increasing operation time and yigldhe context of largecale
industrial food manufacturing, long process times and conpraxgess conditions make it
challenging to expand the data $leat would be needed for the applicatidrhe specific
application in the continuous seindustrial pilot scale process can serve as a bridge to the
industrial applicationwhere the goal of eline 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 @lstive 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 technologyapable of reducing primary particle size to <10 pum (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 doms for a product's
PSD has relied on tri@nderror. The efficient alternative to the triahderror method is a
precision and datdriven approach of defining a model for the jet mill parameters. Models are
particularly necessary for difficuto-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 thd jet mil
process and establish better controls using the predictive model. This work explored the
relationship between the independent variables: feed pressure (psi), grind pressupe (psi),
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 modelig@ the influence on
the resultant particle sizes.
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Figurel. Particle Size D50 vs. Interaction Profiles generated via Fit Model
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The cohesiveness of powders causes formation and breakage of agtgemeget
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 higehear mixer. The adhesive cact law of JohnsoeKendalt
Roberts (JKR [1] and the HertaMindlin [2] are employed to compare the behaviour of
cohesive and nenohesive particles. The quality of mixing is quantified using asaompling
Subdomain Mixing Index (SMIJ3] 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 particleteriing 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. Secondinherent 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.

[ 1] K. L. Johnson, K. Kendal I and A. D. Rob
s o | iPb&=edings of the Royal Society of Londeaol, 324, pp. 304313, 1971.

[2] R.D. Mindlin and H. DeresiewictcgueintEbasts

[ 1] M. Cho, P. D u t tsampliagnnaxingl index Sdn mutticom@odent n 0 n
mi x t uPowvedsr Technologwol. 319, pp. 43444, 2017.
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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 variabjlify [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 onepithin the powder bed.

The results showed that the torque and Lenterra forieeémmeasurements are providing
unique rich information about the granulation process ksgp&re andFigure). The Lenterra
force probe is more sensitive during the evaaddition phase (seeigure). 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 tabléensile 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.
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Figure1. Torque measurementidng Figure2. Force measurement during

[1]1 . P. Gabbott, F. Al Husban, and G. K. Reyl
process parameters and dried granule moistu

Pharm. Biopharm., vol. 106, pp.17@8, 2016

[2] J . Dun and C. C. Sun, AStructures and prop
granul ation, 06 Handb. Pharm. Wet Granuliati on
147, 2018
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Powders and granules are commonly compressed into tablets. During production, heat
evolvingfrom friction, elastic and plastic deformation and fragmentation of mateanlaffect

tablet characteristics [1]. In that respect, the evaluation of tensile strength serves the assessment

of tablet qualitydue to its importance for handling and possibieienceon disintegration and

drug release [2].

In this study the heatsensitivity of two commonly used binders with identical chemical
composition but varying particle size distributioras investigatedThe binders used were
either HPC SSl(xso = 61 pum)or the finer qualityHPC SSESFP(xs0= 18 um) (Nippon Soda,
Japan) Binary mixtures composed &dctose and the binder were produced at a ratio of 9:1.
The temperature increase during tableting was mimicked udeilget pres®quipped with a
thermally controlled dieset toeither22, 30, 50 or 70 °@STYL'One Evo, Medelpharm}he

die was filled manually after lubrication with magnesium stearate.

The tabletability of both mixtures was evaluated and compéradn tableting is performed
under elevated temperatures, the mixture containing HPGSFPL() proved to be more
sensitive to heat, as the increase in tensile strength is more pronounced than for the mixture

with HPC SSL (a).
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containing lactose and (a) HPGIS(b) HPC SSESFP (i

sd n=10)

[1] E.J. Hanus, L.D. King, Thermodynamic effects in the compression of solids, J Pharm Sci.

57 (1968) 677684.

[2] C.C. Sun, Decoding Powder Tabletability: Roles of Particle Adhesion and Plasticity, Journal
of AdhesionScience and Technology. 25 (2011) #839.
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Many products are coated to protect against damageaisture 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
solventfree. However, dry powder coating 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 tol@arpbperties 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 shtovibe 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 definebased 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.
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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 ad 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 modifiedvider
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. BIEM is

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 ctentan 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 stilliges 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 sysiss it is shown that increasing impeller speed reduces mixing rate since
fines have lesime to backfill transient voidswhilst for cohesive systems mixing improves

with impeller speed due to cohesive clusters of fines being more easily dispersed.
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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)
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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, dmmgtaining pellets are coated with
functional polymetayersthat delay or sustain the drug releaBe protect theAPI-containing
coreduring the whole process chain of blending the coated pellets with excipients, flowing,
feeding, and finally compacting the blend to a talttet,coating layer around the pedletust
stayperfectly intact

In this studythe influence of different sgybrocesses 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 @wghioning layers,
and different deformation behawus of the blended powders were studied. The compaction
subprocess showed the greatest influence on coating integrity by the main compression stress.
Here, an additional (neenteric) cushioning coatingould 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 forcedigie 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
feedframe 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 feeteit could be reduced by fornation parameters
(cushioning coating, lubrication) or technical changes in the feed ffammther, the additivity
of the damaging effects of these subsequenpsotesses, feeding and compactisstudied.
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Figure 1. lllustration of influences on patlicoating integrity over a typical tabletting process
chain
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The importance of redalme controlling the production processes in pharmaceutical industry
IS growing, to ensure a precise reprabiity, especially regarding modified release solid
dosage forms, and to spare materials, shorten the process time and, consesauentipney.
In this study the coating process in pan was taken in consideration, different coating materials
were testedthe 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 dekie¢ablets were abed in coating
pan(FreundVector LDCS Pilot)monitoring the process by a ftdpectrum NIR device (Viavi
Solutions MicroNIR PATU) and measuring the thickness and the weight gatinaf The
measured values were compared with the NIR response usinpctetric methods: PCA,
PLS, calibration and crossgalidation method. To demonstrate the independency from the
coating material used to achieve a correct process monitdiffegent coating polymers were
tested The data were analysed using CAMO UnscramKlenultivariate 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 atfte precision of the PAT monitoring can allow process
control without the need for constant sampling antinat 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 &bgrafion
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 intenrethe
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 parametér®anulation 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 freezérying or granul@ion. In this study, spray drying was used to dry the yeast
Saccharomyces cerevisias a model microorganism. The influence of various process
parameters such as inlet temperature, outlet temperature, spray rate, spray pressure and nozzle
diameter was inestigated. 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 fosslifgainmng 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 werairagaried 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 alsoh effects.
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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 thaskes 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 &d to th
rapid spread of personalised medicine, which aims to develop customised drug delivery
systems.

The Multi-Unit Dosage System (MUDS), consisting of miablets filled into a hard gelatin
capsule, is an effective therapeutic alternative to conventiosajgdorms. Sealled MUDS
is designed so one mitablet 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 capsulessthus to develop a single dosage form containing
several active ingredients (in different mtablets) that the patient must take at a specific time.
By the composition of miriablets and various processated 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-tainliets with high drug loading content that
retain equivalent dissolution profiles to origimaoducts and develop a multhit 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 pragies 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
achievethe desired release kinetics of APl from produced 4taiblets. 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 onadealte
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 techimologsed on a very
precise and fast automatic compounding of small-taibiets into hard gelatine capsules. With
the proposed technology, it is possible to manufacture pafpedific batches of MUDS
capsules on an industrial scale, which would condaget of capsules for a period of-30
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 nkoxj sind discussed
topic is most likely the concern about the use of-remyclable 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 sinelé 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 approachease required tackling all aspects of the value cliamodifying
product recipes, processes, storage & distribution and packaging materials.

In the present talk we will address the arising challenges in developing recyclable packaging
materials with strog 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 patrticle 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 reconstituti@uaf novel formats to meet
consumer demands while going to more sustainable food production.
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Struvite (MgNHPQi.6H0O) that could be recovered fronphosphoruscontained
wastewater has a high potential as an alternative source of phosphorus fétilvzever, the
cost and availability of current comnegal Mg?* 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 bgvestigating seawater as a magnesium source for phosphorus recovery as
struvite granule by fluidized bed homogeneous crystallization (FBHC) sy$teoperating
parameters, including uftow velocity (U, m h') and crosssectional loading (L, kg mhr?)
were optimized in the ABC system. Under optimum conditions at 13, molar ratio ofMg:
P: N=1.0:1.1:1.2 upflow rate of 30 m H, and crossectional loading ot.1kg m? hr?, the
crystallization ratio (CR) and total removal (TR) of phosphorus reaé@a and 85%,
respectivelyBased on the XRD pattern, it was confirmed the solid products consist\afe
(MgNH4PQs.6H20) with an average size of 3.0mm.

Effluent

Recycle pump

G

Coagulation

Struvite (MgNH,PO,.6H,0)

Homogeneous
nucleation

N+P |
Glass beads

Seawater
(Mg source)

NaOH

Figure 1. Fluidizedbed 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 parpoesity 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 achievé&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 reducedrda 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 tabletinget@ngorce
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 tHetsalvere 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 seagranules. 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 reductibtensile strength of tablets after
roll compaction/dry granulation, European Journal of Pharmaceutics and Biopharmaceutics. 70
(2008) 372379. https://doi.org/10.1016/j.ejpb.2008.04.003.

[2] E. Gavi, G.K. Reynolds, System model of a tablet manufactymogess, 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 (ROMSs)
for glidant and lubricant effects in continuous manufacturingh@armaceutical solidosage
forms, in: Ludovic Montastruc, Stephane Negny (Eds.), Computer Aided Chemical
Engineering, Elsevier, 2022: pp. 112934. https://doi.org/10.1016/b910832395879
0.501892.
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Pharmaceutical producteing 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
respnses, our understanding of the mibehaviour 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 CDBL axial powder blendes¢en on GEA's Consigi&DC-50 line)
was placed in the ADAC detector to undergo PEPT analykis.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 gumétions (8 and 16 mixing blades, helically
arranged). Through utilising PEPT's unique advantage, the ability to understand systems from
a micreup perspective, the detail of each discrete trajectory can be statistically scrutinised.
Accordingly, the folbwing 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 additiongdsietive been
applied to evaluate the mixingn an attempt to relate the miecharacteristics to macimixing
performance.
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Figure 1. Pipeline showcasing the PEPT experiment and the subsequent analysis.

[1] J. Palmer, G.K. Reynolds, F. Tahir, I.K. Yad&v 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 (20205869
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Efficient and coskffective drug products development requires accurate prediction of
pharmaceutical mixture characteigstto support the decisiemaking in formulation design
and process optimization. This paper presents a system of hybrid models that combine both
mechanistic and daw@riven approaches to predict characteristics of pharmaceutical mixtures.
The system modestablishes 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 rafattamponents.
Additionally, the accuracy of two existing mechanistic mixture rules for predicting the mixture's
true density and bulk density was assessed. Twediiatan models were developed that utilise
principal component analysis to reduce the disnenality 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 (Figurd).

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 propertieseoémtifformulations
and components, utilising raw material properties to avoid-tiomsuming and material
intensive blend preparation and characterisation. The system model proposed in this study holds
the potential to accelerate the process of developaw 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.

Particle size =
f(x’ e 4 distribution [
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Figure 1- Flow diagram of the proposed hybframework for mixture modellingQw and
Al represent mechanistic and dabaven models, respectively.
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Wet granulation can be broken dowrto 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 prop#ées in wet granulation processes. Siagitep granulation is a form of drep
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 BHd Tais work
explores the higishear granulation of a praucleated bulk material. Singtiropped granules
(pre-nucleated granules) are charged to a mixer granulator under varied conditions to observe
how the remaining rate processes and resulting granulaiddqgtrare affected by various pre
nucleation conditions.

Singledropped 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 chrged 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 micmystalline cellulose (MCC) as the raw powde
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 microscopydgyphmgectedarea
diameter small (51+ 13 pm), medium (95t 18 um), and largg153+ 24 um). The resulting
granubtedbulk is analysed for the masbased size distributioby sieving and granule yield
[6]. A representatie sample of individual granuleare also evaluated for their shape
(circularity, vertical aspect ratid}y the pism method and image analysis software, ImageJ.
This is the first study, to our knowledge, to apply the shagtg granulation technique to a
traditional highshear wet granulation process.

[1] J. Litster, B. Ennis, L. Lian, The Science and Engineerir@grahulation Processes, Kluwer
Academic Publishers, Dordrecht; Boston, Mass, 2004.

[2] B. Waldie, Growth mechanism and the dependence of granule size on drogleideed-
bed granulation, Chemical Engineering Sciedées(11) (1991p781 2785

[3] K.P. Hapgood, J.D. Litster, R. Smith, Nucleation regime map for liquid bound granules,
AIChE J. 49 (2003) 35(861.

[4] H.N. Emady, D. Kayrakralay, J.D. Litster, Modeling the granule formation mechanism
from single drop impact on a powder bed, J. Collaiérface Sci. 393 (201369 376.

[5] H.N. Emady, D. Kayrakralay, J.D. Lister, A Regime map for granule formation by drop
impact on powder beds, AIChE Journal, 59 (2013).

[6] G.Luo,B. Xu, Y. Zhang,X.L. Cui, J.Y.Li, X.Y. Shi, Y.J.Qiao, Scaleup of a gh shear
wet granulation process using a nucleation regime map appReticuology 31 (2017)87.
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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 acgwedient 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 desbed as the intréablet 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 table
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 neshabsorbance 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, Idvorejstress
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 caatexperiments 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 bthe 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 restiastadterparticle 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 irdduparticle 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 ofipkar size, moisture content, and patrticle
shape on the flowability of microrystalline 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 analyzeoff theds3 (51 + 13 pm, 80 + 30 um, 109 £ 25 um, 141 + 47
Om, 173 N 59 Om). The powder bul kés moisture
range from @ 50 wt%. Using particle size and shape measurements from the particle analyzer,
particle sizeshape, 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.

[1] O. Molerus, Theory of Yield of Cohesive Powders, 12 (1975282
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Thetableting 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 parariete 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 disieminders, lubricants and
superdisintegrants.

In this work, the cause of the superiority of a newly developgmt@cessed binder excipient
calledSakiSt arch is i nvestigated. The componentds
demonstrated, pgcially its contentiependent effects. For a fundamental understanding of its
binding mechanisms, the structure of Sstrch is investigated. It is shown that aside from the
particle size distribution, the specific structure of the excipient has -adgitive 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-8t&ah in this
comparison is the lower elastic recovery, Whig quantified by applying a kinetic dependency
indicator.

The results pronounce the benefits of Sddrch compacted purely and in formulation
compared with simple binary mixtures of NaCl and starch regarding the tableting parameters
compressibility, ompactability 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 -@id p
measurements support the effect of the specific structure oSfaitth on the compaction
results and clarify tableting behaviour based on the structure resulting from the production
process of SalEtarch. As a further impression, the independency ofRalth of compaction
kinetics is presented and discussed to supplement its superiority.
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Aluminum is the most widely used namn metal that is considered a highly toxic
compaund 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 cest of th
handling process. In this study, fluidizedd homogeneous crystallization (FBHC) technology
was applied to treat 700 rRAJ/L solutions by synthesizing low moisture and high crystallinity
particles and reducing the production of excessive sludge. A ssfdition 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)
pellets. Under the optimum condition of pH Qp;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 mgl/L. The crystalline ratio also reached over 90% meant the sludge
generated was decreased d¥@% by converting it to crystalline aluminum hydroxide pellets.

Al(OH),

FBHC process
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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 ma@anarig
(ML) algorithm (Principal Component Analyses) are developed to characterize the particle size
distribution in a soliehas fluidized bed. A theoretical approach to explain the generation of
acoustic emission signal in solis flows is explained. MAE signal is generated in gaslid
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 anit can propagate through the gadid 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, nontrusive, radiatiorfree diagnostic, which is suitable for-ine measurement.
Combining AE with machine learning algorithms (ML) is beneficial for applications to
industrial settings, reducing the cost of signal post processing, véiilg Bble to model both
small and largescale experiments. Experiments were carried out in a psaddiat fluidized
bed with four glass bead samples with different sizes, ranging from 100 pm to 7XEum.
signals were recorded with sampling frequencyt$z2MTheAE 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 Randomrést 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 soligas flows.
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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 productygaatitmorphology.

This work aims to provide a fundamental understanding of the fmehanisms of
agglomeration as well as deagglomeration of particles. To investigate the mechanisms, single
particle experiments were performed by means of a newly deweksgiap to realize binary
collisions of two particles under dry and wet conditiofise collisions are recorded by two
high-speed cameras, enabling motion analysis in tii@ensional space by methods of digital
image analysis. The positions, translatioreocity, 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 usingtheliquid ring method of Buck et al1], which has already been successfully applied
in particlewall collisions. In this case, the thickness of the liquid layer is also deterriined.
results allow a direct comparison with DEM collision models, both withveithout additional
liquid phase.

Figurel. Wetted binary particle collision between two spherical Ap@rticles with a
di ameter of 1.5 mm. The upper particle (P1)
oi Il with a ki neb@nm%sat209Qwhkile theslawer ypartiold (P2) iS dryA
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. GDeen, J. A. MKuipers, ands. Heinrich, Dynamicsof wet particle
wall collisions: influence of wetting conditipichemical Engineering Research and Design,
135(2018)21-29.
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All-Solid-StateBatteries (ASSBs) are set to provide high energy densities along with a safer
energy storage medium than conventional batteries, which could become crucial in the
eledrification 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. Thud]uildéezation 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 wittoisture. 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, thenixing 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 heter
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 fquoint probe method using an Ohmmedad a material
testing machine.

—
A i Exhaust gas

Fluidization column ) Eccentric.

A

rotating plate
¢ Totaunmgate

[®%ees  Fluidized bed

Linear guide

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.Gunther, T. Knoche, C. Vieider, L. Lohler, A. Just, M. Keller, S. Passerini, G.
Reinhart, All solid stat Lithiumon and Lithium Metal BatteriesPaving the Way to Large
ScaleProduction, J. Power Sources. 382 (2018);165.
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The process optimization of 4ppyridine based metal organic framework (MOF) synthesis

by twin screw extrusion (TSE) has been investigated using cobalt nitrate hexahydrate
(Co(NO3)26H20) as a metal precursor with molar ratio 1:1, the reportadteaform a
dimensional MOF. Multivariate analysis (MY was employed to investigatiee effects of
twin screw extruder (TSE) operating par ame!/
ratio), screw speed and feeding rate on the product compoé§tadinal least square (PLS)
analysis has been applied as a robust chemometric approach to gmtadticive 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 ehadtained, 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.
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Figurel. Equipment setp, 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 heatand moisturesensitive powders. Roller compaction enables a
continuous pocess of powder compaction between two courttiting 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 eft 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
undestanding of the ribbon split, DEM (discrete element method) simulations were performed
in this study. For this, the opeource MUSEN framework was utilized, which supports GPU
accelerated computations, enabling simulations with a large number of gaftctdition,
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 armalyzing 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 thersalnsdit,
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 agfrerpendicular to the plan of the figure below.

/‘ Wi
ALTS -
‘ E bottom roller

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
cohesve granular materials using the discrete element method with an adhesivepklasto
contact model, Granular Matter. 16 (2014) 3830.
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Utilizing the cohesiveness of fine particles a versatile wayto prepare agglomerate
formulation for efficient pulmonary deliveryibrationprocesss oftenapplied tofacilitate the
formation of particlesusedin agglomerate formulatioto achieveappropriate particle size
distributionandmechanical strengthvhich can significantlyinfluencethe metering dose and
aerodynamic performanad the final producf1].

In this work, the feasibility of resonance acoustic processdgglomerateformulaion
preparatiorwasinvestigated [2] The effect of vibration intensity argtid patternrwasstudied.
The effect onparticle size distributiorand aerodynamic performanckie to interparticle
collisionwas evaluatefly applying different leved of acceleration force araichessboardike
grid in themixing processlt was found that the existence of tyr& significantly affected the
particle size distribution and subsequentlyhe metering dose imMurbuhalekO Acceleration
significantly affecéd the tapped density and mechanical strength of agglomerates resulting
different fine particle fractioFPF) The novel particle agglomeration method can improve the
agglomerates production efficiency by utilizing the volumthefmixer to induce mar particle
collision instead of conventional rotation method with fimterationareas.
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Figure 1.Particle agglomeration with resonant acoustiger, A represent theesonant
acoustiamixer, B is the grid in thenixer, C shows the brief process of particle
agglomeratior2]

[1IEt schmann, Christian, and Regina ScherliecC.
dose delivery to the | ungs wilrdtehnatianaljoarnaeof hi g h
pharmaceutsvol. 617 (2022): 121606

[2] Juan G. Osorio, Fernando J. Muz#iwaluation of resonant acoustic mixing performance,
Powder Technology 782015, 46-56,



67VI RTUAL PROTOIOFY PWENTG GRANULRAQC EONS PSS
Ti mo Pl atdhdi&bdhemas Wei nhart

Multi-Scale Mechanics, TFE, ET, MESA+, University of Twente, P.O. Box 217, 7500 AE Enschede,
The Netherlands;
E-mail:t.plath@utwentenl

Wet granulation is a multiphase process utilized to produce aggregate particles with defined
properties from very fine powders. Industrial approaches to wet granudagiorainly 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 tlaligens to continuous
processes (twhscrew, fluidized bed, extrusion) incuality by design(QbD) approach 1]
which can provide variable throughput, consistent quality and reduced operator involvement
[2]. However, a QbD approach process is challengsgcially in the pharmaceutical and-bio
pharmaceutical sector critiocaherequality attributes are stringent and numer@jsgmpirical
methods for process optimization are still predominant and yet the field is lacking a
comprehensive computer modea 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 rathods, 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 processinilultiscale methods like population balancedsling (PBM)can
trackdistributed properties, such as the patrticle size, by adding them as internal variables to the
macroscale (CFD) moddiut they do lack information on particle dynamiés promising
solution to address these deficiencies to develp a comprehensive DPN®?BMi CFD
heterogeneous multiscale model [4] which allows exploration of virtual designssigaee
Figure 1. The DPM micronodel will run in a certain parameter space and provide particle
dynamics data for the PBM maenoodel to derivemechanistic 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 applicatiespecific PBM br design optimizations and enable transitioning from
real to virtual prototyping of wet granulation processes.
Discrete mllcro—model couple Multiscale model | . o | Application-specific
| > for large-scale —_— macro-model
modelling for design optimisation

. simulations
Continuum macro-model

Figure 1.Modeling framework for the virtual prototyping of wet granulation processes

[1] J. Rantanen, J. Khinast, The FuturdPbarmaceutical Manufacturing Sciences, J. Pharm.
Sci. 104 (2015) 3613638.

[2] A. Kumar, K. V. Gernaey, T. De Beer, |. Nopens, Medated analysis of high shear wet
granulation from batch to continuous processes in pharmaceutical produdciiasritical
review, Eur. J. Pharm. Biopharm. 85 (2013)i&33R.

[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 (20813.785

[4] Weinan, E.; |Bgquist, B. The Heterognous Multiscale Methods. Commun. Math. Sci. 2003,
1,87132
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Continuous manufacturing is nowadays a novel concept to produce high quality drug
products.The manufacture of solid dosage forstarts withthe feeding of materialsvhich is
a citical step to ensure the quality of the final prodiidt 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 specificatidashe 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 impactloé refill and the different factors such as the feed
rate, the refill system and the filling level at which the ratifirtson 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 consideritigeanaterial’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.

Figurel. Refillers: TT-refiller (left), Grefiller (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),
554 560.
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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, occupyminimal floor space and givehsrt 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 saissues 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 understod. 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 webcake
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 effecaigfing agitation periods in a lab
scale agitated vessel are presented and the relationship between agitation time and measured
attrition and agglomeration are investigated.

/ \ = Air/N, inlet
Heating Jacket «—
Agitator '——‘ | [ & Discharge valve
e e ]
* Perforated plate
o Filtrate chamber

Filtrate outlet« | |

Figure 1 Crosssectional representation of an AFD

[1] A. Tamrakar, A.Gunadi, P. M. PiccioneR. Ramachandrar)ynamic agglomeration
profiling during the drying phase in an agitated filter dyer: Parametric investigation and regime
map studiesPowder Technology303(2016)109 123.
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Coating processes can be divided into wet coating, e.g. spray coatingichzzflbed, and
dry coating processes, where nanoparticles are deposited on the host particle surface due to a
mixing process. The difference is, thptay coatingachieves @ontinuous coating, while ia
dry procesghe coating is formed by discrete peles. The advantage of dry coating, however,
is that no downstream drying process is requif@oiating 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 drieid significantly less than that of spray coating.

In this work, a method to create foams via a-flua nozzle is established and it is proven,
to coat particles using the produced foam. To achieve this goal, a formulation consisting of
water, a polymeand 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 methilesewithin an B-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.

Foam

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, potst#lality
benefits and continuous processing options. It offers unique advantages compared with wet
granulation for processing physically or chemically moistgnsitive materialsince the use

of a liquid binder is not required. Another advantage as ithdoes 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 importartb devise methods to overcome this isané establish robust processes

The industrial application of the Johanson model [1,&8}he tech transfer and scale up of
experimental drug product formulation A from pilot plant to commercialisifgresente in

this work The impact of the calculated pressure between the rolls (Pmax) on the ribbon porosity
measured using Geopyc was investigated. The relationship be®veax andthe ribbon
porosity in the pilot phase (Bepex with roll width 3 cm) was usedptedict 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-process contrapecifications with no tablet defects.

Pmax Vs Solid Fraction (Roller Compaction Tech Transfer Pilot to Launch)
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A Pilot scale trials (5 - 7 rpm) Launch scale Trial 1 (8 rpm)

X Launch scale Trial 2 (6 rpm) —Linear (Johanson Model Prediction)

Scale up and tech transfer of roller compaction procBssssure (Pmax) vs Solid Fraction.

[1] J RJohanson, 1965, ASME, Journal of Applied Mechanics Series E, 32 (484812

[2] Bindhumadhavan, G., Sevilld,P.K., Adams, M., Greenwood, R. and Fitzpatrick, S., Roll
compaction of a pharmaceutical excipienExperimental validation of rolling theory of
granular solids, Chemical Engineering Science, Volume 60, Issue 14, July 2005, pp89891
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Coating oftablets 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 mobietsta he 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. Thatow 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-gpherical tablets, numerical
simulation of the entiretablet coating process is preferred over the -{bmesuming
experiments. Here, a discrete stochastic Monte Carlo model has been developed incorporating
tablet coating suimechanisms such as droptablet interaction, droplet deposition or rebound,
dropletdrying, film formation, and film drying (schematic workflow is shown in Fig. 1).
Parameterization of sutmodels is performed using recent experimental results [1]. Simulation
results of intra and interparticle coating layer thickness distribution arenpared to own
measurements, giving insight on the complex interplay between material properties and process
conditions.

Airinlet

Position #

Exhaustair

Thickness of coating layer

Figure 1. A schematic diagram fanalyzingthe tablet coating thickness.

[1] L. Pasternak, M. Sommerfeld, P. Muramulla, F. L. YuanGopireddy, N. Urbanetz, T.
Profitlich, Tablet coating in lalscale 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 comptaitisy 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 gneration 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 beglizgd

In this Study, the behaviour of dry particles in a conical mill equipped with a new "high
efficiency"” conical screehole design was simulated using computation fluid dynamics (CFD).
The mass flow and velocity of the particles was then coeaptar empirical data derived from
experimental DoE results using various products with differing material propeitiegas
found that the new scredmole pattern design reduced milling temperatures while increasing
capacities when compared to traditibeereen designs; without changing or shifting particle
size distributions, thus ensuring validated processes and results remain unaffected.

Traditional Conical Screens High Efficiency Conical Screen: Traditional Conical Screens High Efficiency Conical Screens
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Figure 1.Air Flow (left) and Masd-low (right) Across Traditional vaNew Hole
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[1] R.P. PatelA.H. Baria, N.A. PatelAn Overview of Size Reduction Technologies in the
Field of Pharmaceutical Manufacturing. Dep of Pharmaceutics, College of Pharma. Ed. and
Res., India2(4) (2008) 216220

[2] S. Sunil,Jambhekar, Bioavailability and Granule Prams; South University Schoalf
Pharmacy, Savannah, GA, USAandbook of Pharmaceutical TechnoloGhapter 19; Taylor
and Francig2005
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Active pharmaceutical ingredients (APéxhibitpoorflow characteristics thereby hindering
the efficient manufactue of oral solid dosage forms (OSDs). As a result, intermediate
processingsteps such as wet granulation via fluidised bed granulation (FBG) have become
standard practicen the manufacturingcascade fo©OSDs Giventhe complexity of the FBG
process, the industry approach has been largely recipe driven, resulting in a blagkebaix
approach duringperation of FBG

In the current research, we present an advanced process control strategy by feeding data from
associated PAT tools and sensors into saethanistic models real time which serve as
basis for the process conti automation module of the SmartX platfoiima process control
and data analytics software. In doing so, the moisture content is predictal time whilst
the fluidisation airflow is controlledor consistent powder bed fluidisati@uring live FBG
runs. As a result, common issues, which have otherwise led to product failure are mitigated.

Spray rate (g/min)

Inlet air temperature (°C)
Inlet airflow rate (m*/hour)
n
LY
;»‘-‘“j?

Average particle size (um)

Y
=

20 40 60 80 100
Process time (min)

Figure 1.Real time prediction of powder bed moisture content and dynamic control of
fluidisation air flow rate during fluidised bed granulation. Black poiapgesenthe
measured moisture content
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Theinvestigationof indigenousplantsas possiblesourcesof pharmaceuticagxcipients
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 Iscaliged 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 dii@) 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 medialistilled water, posphate buffer (pH 7.4) and 0.1N HCI,
drug-polymer compatibility using Differential Scanning Calorimetry (DSC) and Fourier
Transform Infrared (FTIR)spectroscopy anéh vitro drug release profile in simulated
intestinal fluid (SIF) and simulated gastrigifl (SGF) for 12 hours were studied.

The extracted gum powder showed 82.25% carbohydrate composition, 2.52% moisture
content, viscosity 8.0275mPasS (25), pH 7.61, water holding capacity 11.5 g/g of water,
Hausner 6s Rati o ( HR) )31.086.8H SEGtablet@ranulesGlowed n d e x
excellentflow comparableo HPMC and TG with granuledensity1.35, porosity 71.51%,

HR

1.11 and CI 10.26. Drupgolymer compatibility was also confirmed. At 20% tablet
composition, physical evaluation of formulatadllets 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'8hour. In thephosphate 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 th® Haur for HPMC, TG and STG
respectively against an alstol00% 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 aordes model indicating release

by diffusion. The results showed satisfactory potentialSoftragacanthdeaf 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,
envionmental, health and animal welfare concerns have strongly increased the demand for
plantbased milk alternatives, and with it the interest in plaged milk powdergl]. In milk
powder substitutes, milk fat, protein and carbohydrates are replacé&hbpg@sed counterparts
to form a milklike emulsion with consecutive drying, aiming to achieve similar nutritional and
organoleptic properties compared to dairy nj2f. In order to achieve the long shéfé
required for milk powder substitutes, presépids 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 pgrositried emulsion particles influence the
access of oxygen towards encapsulated oil droplets as well as the amounentapsulated,
unprotected fat (free fat). Furthermore, vacuole size inside spray dried particles determines the
amount of entrappedir available for lipid oxidatioi3]. Drying methods such as spray
freeze drying and structuration techniques like spray granulation are established methods to
alter particle structure.

The present work investigates and compares the influencefefedif 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 efficigndratio of encapsulated to na@mcapsulated 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. Fo8ai. Technol. 55 (2018) 1Q0.

[2] CVega, Y.H. Roos, Invited Review: Spreyied Dairy and DairyLike Emulsion$
Compositional Considetians, J. Dairy Sci. 89 (2006) 38%801.

[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 Enigige63 (2019) 398108.
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Hydrophobic starch esters have demonstrated high potential as matrix formers in centrolled
release drug delivery systs [1]. The mechanical properties and tableting performance of
native starch(SN), starch acetatéSA) and starch propionaSP) have beereported in a
previous work [2].

In the present work tablets of the SN, SA and SP starch grades were preparé&dnusing
diameteroundflat-face punbesby direct compression at low (120 MPa) or high (174 MPa)
compression pressure. Changes of tablet weight and of the corresponding actedmp
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 sdtgedtesolutions, whereas
dynamic vapor sorption was performed using arhanse developed device previously
described [3]. Vapor sorption effects on talilatsile strengthvere studiedat 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 Stabletsand uncompacted powders exhibited lower weight
increag ( pw) compared to SN. Tablets oBAaBA gr ad
SPtablets, vapor sorption showed differences with the compression pressure. SA and SP tablets
prepared at 174 MPa showed great era GQwhecompar
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. Sakhmi, N. Al-Zoubi, G.H. AlObaidi & 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, | Partheniadis& |. Nikolakakis,

Mechanical properties of starch esters at particle and compact-lévemparisons and
exploration of the applicability of Hiestand's equation to predict tablet stréfgibpean
Journal of Pharmaceutical Sciences (2020) 105292.

[3] I. Patheniadis, D Kopanelou, M Gamlen& I. Nikolakakis, Monitoring the weight and
dimensional expansion of pyridostigmine bromide tablets under dynamic vapor sorption and
impact of deliguescence on tablet strength and drug reldassnational Journal of
Pharmaceutic$09(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 prociictenent
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 theansamade 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 vgptay 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 seviratn days.

Concluding, the granulation process of wastmainsas a model for meeting the goals of
circular economy it completely meets the requirements for sustainable development of the
environment. The fly ash granules were fully utilized thankgh® 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 steanthegranulating 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,areduction ofup to 50% of tk amount of water necessdoy granulation is possible.
Furthermore, the literature reports that the granules produced by SG laayersurface area
thanthose obtained with wet granulatipwG) [2]. However,no articles havéeenpublished
on the effet of steam on the compressibility characteristics of the granules.

The purposeof this study was teompare théechnological properties of granules and their
relative tablets obtained with SG and WG. To evaluate the effect of the solubility and tigckeni
power of the diluents on process performance, difféoentulations were usezbntaining 20%

(w/w) caffeine as a model drug, 508&/w) microcrystalline cellulose as granulatiagl and

30% (w/w) diluent (maltodextrin, sorbitol, lactose or corn stavedre used. The preliminary
rheological characterizations performed on the four formulations highlighted that SG requires
a lower amount of liquid binder than conventional YWWi&reover, SG generallgllows better

control of granulegrowth becauseat occursmore slowly than WGGranulationexperiments

were performed using a standardized experimental procedure, and the granules, after drying in
a ventilated oven, were characterized by sieve analysis to evaluate the partititsti$imeion

and bymeasuringhe tensilestrengthand uniformity of the content. A compression study was
also performed to identify the compression mechaniéme. granuleobtained with SG are
generallysmaller,with a narrow particle size distributicand lower crushing strength. The
granules were then compressed in a single punch tablet machine using different compression
forces,and the tabletthat hada tensile strength of-2 MPa were characterized by mass and
content uniformity testgjisintegrationand dissolution tests. The uits demonstrate that the
granules manufactured through SG have better compression properties and the tablets present
shorter disintegration timend afaster caffeine release than those achighealighWG.

[1] S. Shanmugam, Granulation techniques teahnologies recent progress. Biolmpacts
(2015) 5 (1) 5%63.

[2] M. Vialpaldo, B. Albertini, N. Passerini, D. Bergers, P. Rombaut, J.A. Martens, G. Van Den
Mooter, Agglomeration of mesoporous silica by metid asteam granulationPart I: A
comparison between disordered and ordered mesoporous silica. Journal of Pharmaceutical
Sciences, 102 (2013) 39@977.
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Although the vet granulatiorprocessanbe performedvith differentequipmentthe use of
high-shear mixer¢HSMs) may offer many advantages. Amongggdehe most relevant is the
possibilityof performingall thegranulation step@nixing, wetting,and massing phases)the
sameequipment leadingto a reductionin dustinessrisk of crosscontaminationand toxic
exposureHowever,in generalthe drying phase is performed in other equipmenedoce the
process time (fluid bed)r thecost (ventilated oven}However,drying can be performed in
HSM if the instrumenis equipped with deating jacket and a vacuum pump

The purposeof this research is to evaluate the effect oftyipe of drying techniqueon the
propertieof granulesandtablets.In particular, the two techniques evaluategtedrying in a
ventilated oven(D-O) or inside theHSG usingthe heating jacket and vacuum pumpJY).

The thredormulations selected for this study conta8% (wWw) microcrystalline cellulosas
granulation aid34% (w/w) lactosas diluent 3% (w/w) polyvinylpyrrolidoneK30 as binder

3% (w/w) sodium starch glycolates disintegrant and 20% (w/w) of three model molecules as
actives(caffeine,paracetamobr citric acid) The actives are characterized different water
solubility and patrticle size. The study started with a rheological characterization performed
using a mixer torqueheometeto identify the amount of water necessarydaanulationand

to predict the growth mechanisi@ranules were produced following a standard procedure and
dried in a ventilated oveget at 60°Cor insidethe HSMusing the jacket temperature set at
60°C and a vacuum presswfe200 mbar. The process weeried outuntil a LOD of 3% was
reached.

As expected, theatahighlighted thaD-J/V allowsfor areduction in drying timeanging
from 30 to 45% The granuleswere then characterized by sieve analysis (PSD), content
uniformity, flowability, tensile strength, ancompression studiesThe results showed that the
granules obtained by-I/V are generallysmaller with a higheryield and alower crushing
strength As regardshe granule structure, tliataand SEM imagines show that the effect of
the drying type depends on the solubility of the active; in fact, if the active isokiylein
water, faster migration and crystallization of the active can occur on the granule surface.
Granuleswvith a partick size<500mm were then compressed using different compression forces
andtabletswith a tensile strength @fpproximatelyl 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 usint\D
when the activewas sparingly soluble in water, but the disintegration and dissolution
performances were not modified. On the contrary, wheiglay soluble active ipresentD-
O allows foranincreaseof compression properti@sving to the crystals present on tharface,
but it produces a drastworsening ofdisintegration 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. Fexample 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 gien 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 wrk, trials were performed on two sizes of a commercially available
continuous vertical agglomeraterthe FlexomiX™ [1]. The goal was to study the effect of
increasing feed capacity and rotation speed on the consistency of the properties of the
agglomerges 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 andepartie 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,is shown that comparable results can be
obtained across the two equipment sizas indicator of process robustness for scalability.

Figure 1. The Flexomi®¥ continuous agglomerator

[1] O.I. Imole, M. Ypma, P. van der Wel, Tuning agglomerationgdifferent scales: a study
of the Flexomix™ agglomeration system, The Micromeritics. 64 (2021435
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Undesired adhesion of powder to metalfsces (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 fulbroduction 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 tther pow
during the compaction process.

In this work, the effect of temperature on sticking was investig&tdueated punch/die
system was used to replicate the temperature experienced by the powderstaléull
production. The sticking of ibuprofen, aspiriparacetamol and microcrystalline cellulose
(MCC) was investigated at room temperature a
increases with temperature while for aspirin it decreases. Temperature has no significant effect
on paracetamol. Cetih 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.

Ibuprofen Paracetamol Aspirin MCC

50°C

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 Compressim:IQ Consortium Review, Journal of
Pharmaceutical Sciences. 107 (2018) 22@82.
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The most common form of drug products are tablets which are often coated to mask the taste
and controlled releas# active pharmaceutical ingredients (API). The coating process of tablets
is commonly done in a rotatimjum,where tablets are moved continuously due to drum motion
during whichcoating solution is sprayed ahdt air is blowrsimultaneoushgo that thesolvent
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 aogtiintertablet 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 tiégtion, and coefficient of friction to accurately
model the DEM simulations. The DEM simulations were validated against the experiments by
comparing the tablstsurface velocity and residence tinmespray zoneThe coefficient of
variation (COV)in resdence timavas calculated fadifferenttablet shapes (SRC anHdlong),
pan loads, and drum speeds. For the rate of decay of COV as a function of time, an empirical
fitting usingpower law correlation was performed. It was found that, the oblongsshtet a
higher COV tharthe 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 wemeNary
close
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Figure 1.(a) Tablets irmdrumcoater (b) spraydistribution contour, and (c)
snapshot of coated tablets with spray.

[1] W.R KetterhagenModeling the motion and orientation of various pharmaceutical tablet
shapes in a film coatinpan using DEMinternational Journal of Pharmaceuti489(1-2)
(2011)137-149

[2] L. Pasternak and M. Sommerfel@ipray characterisation for modelling the tablet coating
process. Irinternational Conference on Liquid Atomization and S@@gstems (ICLASS)1(1)
(2021).
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Aggregation of two or more types of particles is one of most important processes to get
access to heteraggregates, which are often outperforming haggregates in different
applications likecatalysis 1] or anticancettherapy R]. In order to create hetesmgregates,
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 ajgaich to process T®and ZrC in a fluidized
bed,whichis generatedavith air pressurédrom opposedet nozzleqFigurel). Theair pressure
causesthe initial homoaggregatedo deaggregatento their primary particles. Due to
attractive interactionforces (VamnderWaals, electrostatic, etc.) the fluidized primary
particles reaggregasmdform hetereaggregatesyhichwill becharacterisedegardingheir
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, method¢RiRe
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

hetereaggregates.
Iil a
New Aggregates *
gBreg y

* SEM + EDX
i 8 * (Red: TiO2, Green: ZrO2)
Characterization m? s
(SEM, EDX, Raman, XRD, o.-: Sie o
PSD, etc.) .?::’E'.:.‘;.:'.fg.
Poe :.0.... ‘....
4 » SEM of single aggregate
N

Figurel. Experimentaketupof theopposeeiet fluidized bed.

[1] Q. Zhang, C. X. Caiyun, H. Yin, S. Zhou, EnhancedCatalytic Hydrogenation
Performance of RIC0203 Heteroaggregate Nanostructures by in Situ Transformation of
Rh@Co Coré Shell Nanoparticles, ACS Omega, 4 (2019) 2032837.

[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 earlierasidies
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
nonspherical particles are heated by hot air flowing througlpdineus 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 noespherical particles (using DEM) in a rotating drum using egmirce
CFDEM softvare. Nonspherical 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 obpbarical 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 thdéebwgerature
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.
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Figurel. (A) Temperaturerofile of Tablets(T) andair (Temp).(B): Velocity plot of
tablets(v) and air (U)

[1] SantomasoA.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
speedChemical Engineering Research and Design, 81(8), pi2936
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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 deample 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 titaessful 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 griation 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
guenching", uncontrolled agglomeration and defluidisation of the bed; wheodasvta 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 scaleup 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 balaecehassbed. 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 setpbvalues have significant effects on the feasible operating
region.

[1] L. Morl, S. Heinrich, M. Peglow, Fluidized bed spray granulation. Chapter-3823in
AGranul ati ono, Handbook of Powder Technol ogy
Elsevier, Amsterdam, (2007).

[2] I.C. Kemp, A. van Millingen, H. Khaled, Development and verification of a novel design
space and improved scal@ procedure for fluid bed granulation using a mechanistic model.
Powder Technology, 361 (2020), 1602Q37.

[3] I.C. Kemp, A. van Millingen, H. Khaled, L. ller, M. Mavani and L. Li, Simultaneous wetting
and drying; fluid bed granulation and tablet film coating. Drying Technology, 39:2 (2021), 187
202 (special issue; papers from IDS2018).
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The singlescrew Variable Density Extruder (manufactured by Caleva, UK) is a continuous
mode powder processing equipment which has the capability of performing granulation,
spheronization, and exsion. 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 talkets 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 tostamde 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 pm as the primary feed powder and
aqueous polyaylene 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 liquieto-solid ratios (L/S) of 0.1 and 0.15 have been investigdtenin the
experiments conducted, it was concluded that increasing the binder concentration produced a
more consistent product with less fines while d@wel concentrations of binder produced
inconsistent products with more fines. It was also observédaimulations 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-tmsmalid
ratios. The bondstatus and numbgparticles 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.

Time: 292s

Altair EDEM"
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 (2028p28.
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A detailed sidy 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
phamaceutical formulation consisting of an active pharmaceutical ingredient (API), excipient
and binder. Ibuprofen was used as the API with atplectose monohydrate as the excipient
and polyethylene glycol (PEG 4000) used as a binder, initially in soti.fThese 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 ekstintwo 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 harehess 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, processamdegproperties.
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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 anamirfg
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 whenpeoed 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 proceSsanule 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 propies 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 retemsgje 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.
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Figurel. Comparison of mixing elements ftablet friability and strength
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Techniques based on rheology were develajgeninprove granulation processeslating
the particle's agglutinatiodegree with the measured torddé 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
methodprovides a limited description of termulationmixing kinetics. For that, the MTR
also relies the variable mix time method, which furnishes a torque responsiging time [2].
In this work, a granule formulation (60% ibuprofen, 1% PVP K38% microcrystalline
cellulose 101) was evaluated bgth method. Three different binder ratios were selectgd b
means of the first torque derivatiand tested in two mixing speed. complete factorial
experimental designt3! was elaborated (triplicate), resulting in 18 tests.

There was an influence of bdtctors so that higher rotatigorovides higher torquand an
increase in water amotumesults in lower torquer the need for longer mixing tim&he
literature descrikgethat the binder ratio necessary to achtbeehighest torque valyeultiple
addition testcan be considered a good approximation of the ideal granulation endpoint. In this
case, it is understood that 0.833 mLI®iQuénax. = 0.565 N.m) would be recomended to
obtain ibuprofen granules. However, Figldstratesthat a smaller amount of liquid is capable
of providing a torque value above 0.500 N.m, depending on the samplegriixe. It is
concludedthat a combinatorial study between the multiple @oidiand variable mix time
methods is ideal for a better understanding of the formulation and, consequently, definition of
the granulation endpoint and process characterigtiesefore, it is an important tool for the
development of formulations by QbPgroach
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Figure 1. Multiple Addition and Variable Mix Time results obtained in MTR assays.

[1] B.R. Belem, H.G, FerrazRheological profile in mixer torque rheometer of samples
containing furazolidone and different binders, Chemical Engineering Reseatr€esign, 160
(2020) 533 539.

[2] Caleva Process Solutions Ltd, Installation and Operation Manual, Versddn(2013).
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Granulation is a size enlargement technique, used in many industries amdrdgrn 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 threect dosage when administered.
Both high and lowshear 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) 408th& 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 opeating 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 btyitfitableting.
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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 grapubperties and its
microstructure via the different rate mechanisms. The ability to characterize blend formulation
based on each componentdés fundament al mater
granulation process will significantly improve preseunderstanding 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 thad 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 formulati@duicep
granules of desired quality attribute. Aodtimal DOE and mechanistic formulatidiependent
population balance was used to improve process understanding and quantify the effects of each
variable. The usage of soft sensors anlih@ measurementsf reattime 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, arftetresponses 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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