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WorkProgrammet: Development of 1st Principles Models for Pharmace

Materials(24 researchers in total)
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VisualHabitPredicting the Morphology bfLactose

WP 4.1 J. PickeringRbsbottomH. Nguyen, Rlammondand K. Roberts

4

A VisualHabit platform for calculating the lattice energy of organic crystals, predicting the
morphology, and investigating the synthons generating the morphology.
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Ramachandran, V. et al., Mol. Pharmaceutics 12, 1, 18-33

Clydesdale, G. et al., Journal of Pharmaceutical Science. 1997. 86.135-141
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VisualHabitPredicting the Morphology bfLactose

WP 4.1 J. PickeringRbsbottomH. Nguyen, Rlammondand K. Roberts

5

A VisualHabit platform for calculating the lattice energy of organic crystals, predicting the
morphology, and investigating the synthons generating the morphology.

E Crystal Structure Lattice Energy Morphology Investigation of )
kY. File/Database |:> Prediction |:> Prediction |:> Primary Synthons
g (CCDC) (VisualHabix (VisualHabix (VisualHabix
| Key Outcomes
—I A Lattice energy calculated from crystallographic structure, usin
; Interatomic potential
A Calculations of the attachment/surface energies, generating a
energy based morphology prediction
A Investigation of the primary synthons in the bulk and on the
“1 surfaces
-
N — - - AN

Ramachandran, V. et al., Mol. Pharmaceutics 12, 1, 18-33

Clydesdale, G. et al., Journal of Pharmaceutical Science. 1997. 86.135-141
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Predicting Solvent Mediated Morphology of Ibuprofen

WP 4.1 J. PickeringRbsbottomR. Hammond and K. J. Roberts

A VisualHabitSystSearch platform for facetted crystal particle design
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Predicting Solvent Mediated Morphology of Ibuprofen

WP 4.1 J. PickeringRbsbottomR. Hammond and K. J. Roberts

A VisualHabitSystSearch platform for facetted crystal particle design

r : : N
E; Crystal Structure Morphology Characterizehe Solvent Selection
kY. File/Database |:> Prediction |:> surfacechemistry |:> for Optimal
&g (CCDC) (VisualHabit (SystSearch Morphology )
-
Key Outcomes
Interactions
A Ratios of the growth rates of ibuprofen surfaces providing a
guide for industrial solvent selection
\.
Rosbottom |, Pickering J, Etbon B, Hammond R and Rabarts & 9 E | of ikeguivélentamgtting on the crystal habit surfaces of RS a w: y n
ibuprofen using gricdbased moleculamodelling = t K& & A OF f / FOSIYsA201BMIE20, NS 7 ADO10.1.039/c7cp08354h ;;_%\1 [ *} i M‘\""'
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Tablet Compaction: Prediction of Mechanical Properties

WP 4.1S. RbrahimJ.Pickeringy. Ramachandrail§. JRoberts
8

A Enabling solid form design for direct compression through crystallographic structure
analysis for prediction of API mechanical properties
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Tablet Compaction: Prediction of Mechanical Properties

WP 4.1S. RbrahimJ.Pickeringy. Ramachandrail§. JRoberts
9

A Enabling solid form design for direct compression through crystallographic structure
analysis for prediction of API mechanical properties

~

StatisticalConsideration
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Dislocation Slip

MolecularLevel Modelling
Lattice EnergeticRRugosity -

Key Outcomes
A Prediction ofinfluence of moleculaand crystallographistructure
on mechanical properties of crystals
A Introduction ofrugosityandinterlocking of planes to enhance |
prediction of mechanical properties +
A Mechanical properties based design tool useful in sfalich |
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between Solution and Sefithte Interfacial Chemistry

WP 4.2: |. Roshottom, C. Yong, D. Geatclhé®idkering, ;B Hammond, Todorovand K J Roberts

10
A Characteristic interactions between solegelute, solutesolvent and solvensolvent in the
solid-state, solutionstate and at crystal/solution interfaces
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between Solution and Sefithte Interfacial Chemistry

WP 4.2: |. Roshottom, C. Yong, D. Geatclhé®idkering, ;B Hammond, Todorovand K J Roberts

11
A Characteristic interactions between solegelute, solutesolvent and solvensolvent in the

solid-state, solutionstate and at crystal/solution interfaces

Crystal and Surface Structure :> Solution and inter_facial Sta Solvent Directed
(Visual HABIT) (DL_POLY, Grid Search Physical Properties

Workflow

KeyOutcomes
%,“ A Visual HABIBYystSearcheveloped for predicting effect of solve

] on physical anghemicalproperties of crystals synthonic
5 7~4 A Molecular dynamics platform for modelling intermolecular ?gfgﬁ)”gdyh
mermoied  (SYNthoniq interactions in solution state
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Optimisation of API particles attributes in batch crystallisers

WP 4.3D. M Camacha]. A. Figueroa Rosefiz,Y. Ma, T. Mahmud and K. J. Robe

12
A Models were developed to assess hydrodynamics and evolution of CSD-liteeg@cketed
crystalliser with a retreat impeller and a single baffle

f
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Optimisation of API particles attributes in batch crystallisers

WP 4.3D. M Camacha]. A. Figueroa Rosefiz,Y. Ma, T. Mahmud and K. J. Robe

13
A Models were developed to assess hydrodynamics and evolution of CSD-Irteeg@cketed
crystalliser with a retreat impeller and a single baffle

FullyCoupledMultiphase CFD Modelling Zonal

with PopulationBalanceModel (PBM) - Modelling
RYSTAL

CFD Methodology

Workflow\

Key Outcomes

A Models predict effect of operating conditions on hydrodynami
In conventional pharmaceutical crystalliser

A 3DCFDBPBMpredicts the evolution with time of CSDbatch
cooling crystallisation

A CFD modelling results can be used into nadtial modelling

software for process optimisation
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Workflow

Suspended Crystal$

0

- Spreadsheet Analysis e

Key Outcomes
A Filtration models used for parameter estimation at4sdale and
the prediction of performance at process scale

Lab Scale: Parameter Estimation
Partial Settled Bed Filtration Model

h

Specific cake
resistance

properties and particle breakage (FEM)

A Drying models vth a mass transfer resistances in series to be
for parameter estimation and prediction

Crystal Powder
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Investigation of Crystal Breakage during Pressure Filtration

WP 4.4X¢Mahdi,l. Fragkopoulos aridMuller

16
A To validate a Crystal Breakage Model, three methods have been developed for investig

the crystal breakage experimentally: continuous pressure percolation, AFM anstXiRT
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Investigation of Crystal Breakage during Pressure Filtration

WP 4.4X=.Mahdi,|. Fragkopoulos aridMuller
17

A To validate a Crystal Breakage Model, three methods have been developed for investig
the crystal breakage experimentally: continuous pressure percolation, AFM anstXiiRT

Key Outcomes
A Effect of pressure Filtration/Percolati@m high aspect ratio

crystals

% Effect of Pressure oRarticle Size Mechanical Properties X-RayTomography
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o r
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A Visualisatiorof packed bed structure of organic crystals to
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Spray Drying: Prediction of Particle Properties

WP 4.5M. Ali T. Mahmud, P.deggsandA. EBayly

18
A Droplet drying models were developed and coupled with CFD models to gain better

understanding of spray drying pharmaceutical materials

7 —\
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g Materials (Fluent)
\3 4
o Drying and orist growh n N/  Multiphase CFDSiuIations of ipray Dryers N\(  Zones Schematic )
" lactose droplet ’ teraction with i
| | I e sprayed droplets y

107.89

35.60
CSTR Plug Flow| CSTR

Outer radius

radial location (m)
o
(2]

o
o

!
8
| )
04 Q 11.75
Crust £ %
o2 growth > N
B 4 precession 49
0 100 200 300 40Fl 500 600 700 800 900 > 042
PRl % 3.63
O o4 = Exhaust gas
1000 CrUSt grOWﬂ Exhaust gas = + fine CSTR CSTR
with time oo + fines < o ¢ E
500 0.02 /,
7 8 solution 001 1 \\ ./
=4 = solid ' 2 ) ' CSTR
Simulated gas velocity in a Trajectories of a pulse of
ot sgale drver y injected droplets in a lab| ™ 7
\_ P y scale dryer J

02/04/2019 ADDOPTDIGITAL DESIGN SHOWCASE

L |
. N\ \ T ,. o
-1000 -500 0 500 1000 = P, P = o=
. y ADD®PT
| LA w1
— VA N ~e
o &



Spray Drying: Prediction of Particle Properties

WP 4.5M. Ali T. Mahmud, P.deggsandA. EBayly

19
A Droplet drying models were developed and coupled with CFD models to gain better

understanding of spray drying pharmaceutical materials

e )
= . . : :
S| Single Droplet Drying Models ~ |Multiphase CFD Modelling of analModelling
~< | for IDS
S Key Outcomes
= A Crystallinity in amorphous and crystal size distribution in
““ by} crystalline particles is predicted by drying models hematic
e\ A Influenceof operating conditions on drying process efficiency dnd
dried powdercharacteristics is predicted
A CFD modelling results enable incorporation into PSEs-muuitil
modelling software for process optimisation
- Crust growtt N ' ’ Exhaust gas E Exrfaléztga CSTR CSTR
with time IO'05 . +fines C 27 : \ |
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Breakabili

Assessment of Pharmaceutical Materials

WP 4.6W. PGoh,T.BonakdaandM. Ghadiri

A Novel method was developed to assess the breakability of pharmaceutical materials us

20

aerodynamic dispersion technique
(- > )
Is Particle size analysis at Fitting of the experimental Breakability
< | different dispersion pressures |:> data using a modified |:> Assessmernitool (BAT)
g using Scirocco disperser impact breakage model (9SOLIDS
\Z _J/
: - e 2
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Breakability Assessment of Pharmaceutical Materials

WP 4.6W. PGoh,T.BonakdaandM. Ghadiri
21

A Novel method was developed to assess the breakability of pharmaceutical materials us
aerodynamic dispersion technique

(- )
E; Particle size analysis at Fitting of the experimental Breakability
"'g different dispersion pressures |:> data using a modified |:> Assessmentool (BAT)
g US Y- O o= HEC T T SO PO Wi v e o IDS
Key Outcomes
A Model predicts the breakability of materials ulation
. . . e . ape is use
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. . ial
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Continuous Blending: Prediction and Assessment

WP 4.7M. A.BehjaniA.Hassanpouand A. EBayly

22
A Discrete Element Method (DEM) is used to predict continuous blending of pharmaceuti

powders and optimise the process design

(- = N\
2 Particle Calibration of DE Blending Simulation Process Design
= Characterisation:> Input Parameters |:> and Sensitivity :> Optimisation
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Continuous Blending: Prediction and Assessment

WP 4.7M. A.BehjaniA.Hassanpouand A. EBayly

23
A Discrete Element Method (DEM) is used to predict continuous blending of pharmaceuti

powders and optimise the process design

~N

Particle Calibration of DE Blending Simulation Process Design
Characterisation ‘ Input Parameters ‘ and Sensitivit -‘ Optimisation

OLIDS
Key Outcomes
A Simulations predict influence of particle attributes and (CMT)
sl operating conditions on homogeneity of powder mixtures
A DEM modelling facilitates prediction and analysis of formatiph/"
/ of undesired API agglomerates
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Prediction of Cohesive Powder Flow under Dynamic Conditions

WP 4.8l.Zafar, A.LopezyV.Vivacqualk.Hammond and. Ghadiri
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A Numericalsimulation byDEMis used to develop a unified rheological description of flow «
cohesive and faceteparticles in Freemaiiechnology FT4 rheometer and scrie&der
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Prediction of Cohesive Powder Flow under Dynamic Conditions

WP 4.8l.Zafar, A.LopezyV.Vivacqualk.Hammond and. Ghadiri

25

A Numericalsimulation byDEMis used to develop a unified rheological description of flow «
cohesive and faceteparticles in Freemaiiechnology FT4 rheometer and scrie&der

\

DEM Modelling

Rheological
Description

Experimental
Validation of the

Key Outcomes
A The ability to predict accurately how a new API will flow in the
devices used for its processing to minimize manufacturing iss

> Workflovv\
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A Twodifferent equations have been
developed for dynamic powder flo
behaviour.
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Mechanistid®owder Flow Model&lowabilityPrediction

WP 4.8C.Pei X.Chen and.Elliott
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A Aim: to combine DEM and DoEto understandof the effect of changingparticle shape

and/or cohesivanteractionson flowability of pharmaceuticapowders

[
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Mechanistid?owder Flow Model&lowabili

WP 4.8C.Pei X.Chen and.Elliott

rediction

27

A Aim: to combine DEM and DoEto understandof the effect of changingparticle shape
and/or cohesivanteractionson flowability of pharmaceuticapowders

OW\

Design of experimentgtowability
responses on particle size, shap
elasticity and surface energy

Key Outcomes

C‘ Workfl

Schulze ring shear cell test

Discrete element modelling
of particle dynamics in ring |:>
shear cell tester

Reduced model/relationsh
for flowability, bulk cohesion

predicted using discrete element method

A The effects of powder shape, size, friction, surface energy, o
flowability and internal friction angle were studied

A Simplified models foflowability, internal friction angle and bulkidiction
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GranuleCompactiormandTabletting Models

WP 4.9C.Pei X.Chen and.Elliott

A Aim: to translate data from compactionsimulatorinto FEM/DEMfor tablet compactionand
understandthe ability of both blended and granulated powders to form stable compacts

28

[VVOI’kﬂOW\

Measure material properties anc
compaction behaviour from
instrumented die

| Discrete element
|:> modelling/ Finite element
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GranuleCompactiormandTabletting Models

WP 4.9C.Pei X.Chen and.Elliott
29

A Aim: to translate data from compactionsimulatorinto FEM/DEMfor tablet compactionand
understandthe ability of both blended and granulated powders to form stable compacts

\
Measure material properties and Discrete element Stress concentration and

compaction behaviour from |:> modelling/ Finite element |:> failure mechanism of
instrumented die modelling of tabletting tabletting process

J

[VVOI’kﬂOW\

Key Outcomes
A Density dependent and density independent models have
been developed and can be used in FEM package
A Models were parametrised with flat face atebsted with

multiple materials
A Models can be supplied for implemented and used for ble
and potentially combine excipients
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