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Background and objectives Materials and testing parameters
: : : €otr 1ot o\ Parameters
Adhesion of powders to metal surfaces during compaction (referred to as “sticking”) is a
significant problem in powder pressing sectors including pharmaceuticals, food, detergents, Material Formula Type Sticking/ | b, occure (MPa)  %RH | Temperature Strain rate| 20
talysts etc. Sticking is difficult to predict in early stage of product formulation and Not Sticking successive
catalysts etc. Sticking is difficult to predict in early stage of product formulation and process 20,50,75,100, | 33%and | Roomand | Impact |nbioo
development and usually manifests during full production scale where high productivity 150, 200,250 |  75% 50 °C test
machines such as rotary tablet presses are used. The remedy consists of stopping Ibigpmatian CH,:H,:0, API Sl v v v v v
production, remove, clean, reassemble tooling and continue processing until the material
builds up on the tooling surfaces again. In pharmaceuticals it is believed that 25% of solid Acety(iill;‘;ryil;‘; Add | - H.0, API Sielking v v v v v
dosage forms are affected by sticking.
Paracetamol CgHoNO, API Not Sticking v v v v v
Objectives:
1. Establish a test method to quantify material adhesion on compaction tooling over an Mannitol CeH140s | Excipient Sticking v v v v v
industrially relevant range of process and environmental conditions. NEOSORE
2. ldentify the key factors affecting the amount and/or rate of powder adhesion on (Sorbitol) CeHi4Os | Excipient | Sticking 7/ 7 7 7 7/
compaction tooling including: powder properties (e.g. mechanical, thermal), powder tool CH.O
: : . 4 : : : e : Maize Starch B (C6H10Os)n Excipient | Not Sticking v v v v -
interactions (friction, adhesion), tooling materials and finish, compaction parameters +(H,0)
(stress, rate) and environmental conditions (temperature, relative humidity). Microcrystalline CaHi0) it | Mot Stickin Y Y Y Y
3. Establish a predictive criteria for the propensity of adhesion given a set of Cellulose (MCC) oI d &
molecular/crystal properties and process/environmental conditions.
- Principal Component Analysis (PCA)
Sticking hypotheses:
1. Temperature. Sticking can be understood as a coupled thermo-mechanical problem with Mordred moleculals The steps of Extracting the Molecular Descriptors
two sources of heat: 1) Powder compaction involves dissipative processes that generate descriptors 'NQI
heat and 2) At the tool interface heat is also generated due to friction. As sticking (gradual T e SRt e S
- i i i g - . ~_ Ibuprofen C13H1802 CC(C)Cclcec(ccl)[C@@H](C)C(=0)O
deposition of the material to surfaces) progresses the properties of the materials and 0D 1D 2D 3D 4D Gty || CIOHIAGS CC{eteceelc)C(=O)c2ccecc2)C(=0)0
rf f . . o ®© o 6 o 0 Aspirin C9H8O4 0=C(C)OclccccclC(=0)0
surfaces evolve, e.g. phase transformations due to stress, strain rate, temperature. Tk T, \, o — 05 CCleONeIcec(Orect
2. Humidity. Moisture uptake by hygroscopic materials leads to water acting as a binder at coe0 B0 L. 3 LN He o e o o
. . g . o o o, 2 orbito
the |nterfaces, |ead|ng to StICklng. g e g : N MCC C14H26011 COC10C(CO)C(0C20C(CO)C(0C)C(0)C20)C(0)C10
: : : : : : PEG 3350 H(OCH2CH2)nOH C(Co)o
3. Particle breakage. Brittle _materlals or grangles breal§ during compaction, creating new ., T s SCicono/ComIONe0IcOcio
surfaces. These new unlubricated surfaces give cohesion/strength to compact but also lead -
. . Molecular formula — SMILES representation — Mordred descriptors.
to sticking.
PCA —— .1D.P|0t Ofie.ﬁrsi 10 P(is - o Scree Plot of the PCs
Experimental characterisation of sticking Nodear | ) . o me wes o .
separation g o ® o ®me ® e ° EOIZS 70.5% of variance in the
é ] e . . . “etfena it s ey - first 4 components.
Die Clear E * e ® o o0@0 ° | principal components fgf’ |
separation 3 ®@eo® o o o o0 o and the contributing p 010
of the 2 - coom o o0 o o o | Mordred classes and i} 0.05 4
e materials 1 o com ® e» ° oo e | Mordred descriptors
_2 Pr;jlection oftheomaterials on tﬁe PC ’ | " . ” PIfrinci|cl)3a5| Conrljionerljt7 " e
Ir;mség'z:gieereomuzi:ii:oslelf\?az\g;h PCA - 1%t and 2"? Components PCA - 1°" and 2"? Components
= ., o Projecting materials 1 o ‘ -
°c .o . : N S (selected from the
Sticking observations Hst of sticking/ : Handbook of °
materialsg o o Pharmaceutical Excipients) % N
20 MPa 150 MPa 20 MPa 150 MPa it 3, s o e _ ) O © ,COY §
0 with unknown sticking
RH- 33% RH- 75% RH- 33% RH- 75% RH- 33% RH- 75% RH- 33% RH- 75% SMILES. y behaviour (yellow markers) %0 % P
representation | ~ 09 o . ©®gp
Ibuprofen Aspirin 0. - onto the PCA map o ¢, o°® L
Room _—10.75 —0.5 —=0.25 ll‘J 0.25 0.5 0.75 1 __1(].75 —-0.5 —0.25 [I) 0.25 0.5 0.75 1
temperature 15t PC 1%t PC
Summary and deliverables
50 °C
Database of sticking behaviour:
 Comprehensive characterisation of 7 materials
Paracetamol . . .
* Hypotheses/mechanisms: compaction pressure, rate, temperature, humidity
roor * Mordred de.scrlpjcor.s
temperature * PCA to predict sticking of a new molecule
Work remaining:
* |dentify key Mordred categories (20+ => 5): polarity, acid/base, autocorrelation
20°C * |dentify key Mordred descriptors (1800 => 100): molecular weight, no. of H donors/acceptor, no of cyclic
structures
— e . . . * Refine sticking prediction maps
* |buprofen exhibited less sticking than expected (from the literature) during low speed compaction at the : ) : : : :
o , : o * Consider particle and bulk properties (e.g. physical, mechanical and thermal properties)
humidity and temperature levels tested. However, at high compaction speed, sticking was severe. Note: we use .
brand new “B” tooling manufactured by | Holland (representative tool material and surface finish). Deliverable: Python package:
e Aspirin exhibited more sticking than the other APIs at both humidity levels. However, at 75% RH sticking was * Input: SMILES representation (new molecule)
severe .Interestingly, sticking was reduced at elevated temperature. e Output: yes/no sticking prediction and representation on map
* Paracetamol showed more hazing at room temperature. However, at elevated temperature hazing was reduced  Graphical user interface
significantly at both humidity levels.
 Mannitol showed more sticking at RH 75% compared to RH 33%. Also, at 75% RH and elevated temperature,
SEFELTIE S I B e - Sticking 2 (renewal proposal): Sticking science
e Sorbitol showed no sticking at room temperature. However, at 50 °C a small amount of sticking was observed,
which was reduced at RH 75%. ity Incorporating crystal and particle descriptors
, U o
e Maize starch and Microcrystalline cellulose did not exhibit any sticking behaviour ; ( Hypothesis verification P & Cry P P
: i Sticking 1: WP1: From chemical formula to
ngh SpEEd COmpaCtlon Experimental [ PCA }: \ particle properties } lbuprofen
characterisation @ CuMic®y T o
Ibuprofen Aspirin Paracetamol Mannitol Sorbitol Maize starch * |bupr‘0fen, ASpirin and (" WP2: Principal Component e : <
Paracetamol: severe r ) . AR }
sticking = — f{_} — Ry
RH 33%  Mannitol, Sorbitol and : ‘[ hypothests } o
Maize starch: @
compaction rate did 1 —[ e st T }
not present significant [ - | &
RH 75% effect IL [ WPs: Risk, mitigation and } o o
— — v — - - L predictive tool development Roshottom, Ivan Marziano, Robert B. Hammon
[ Sticking prediction and mitigation toolkit
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