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Defect formation during powder compaction
William Zunker, Sachith Dunatunga, Subhash Thakur, Pingjun Tang, Ken Kamrin

Project Motivation

Drug manufacturing development process

High Cost Raw material: $10K-1M kg/API
$50-100M 10+ pilot/prod iment
Spent plovproa. experiments
Repeat trials/Refiling
High Risk

¢ Primarily observed in bi-
convex tablets.

¢ Combined effects: Mode
Il shear stress and
entrapped air.

Failing FDA regulatory batches

1/10,000 defective tablets = FDA trouble

¢ Type |: Multiple fracture
caused by air entrapment.

¢ Type Il Shear stresses
combined with radial
expansion during ejection.

10k-1M tablets per hour

¢ Caused by adhesion to

punch face being on a
similar order to that of the

interparticle adhesion.

Approach

Discrete element method

Method of dimensionality reduction
(MDR) contact model

Analytical mechanics-based formulation

Deformed Particle
Reconstruction
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4
¢ Physical model inputs: E,v,Y, Ay
, . ¢ Models elasto-plastic behavior into high
N cc?mputatlonal efficiency between confinement and during unloading
continuum & MPFEM MDR Contact Model
Documentation _
_ . ¢ Includes JKR type (fracture) adhesion
+ particle-level details
_ ¢ Formally implemented into main LAMMPS
+ por.e-level rgsolutlon gas phase repository: [
coupling possible
MPFEM
0.6 ® fem 0.6. ® fem | 0.6 @ fem |
monodisperse = lammps = lammps = lammps
0.5 0.5 0.5

0.4
Q
~
% 0.3
)
0.2
0.1
0.4 0 0.1 0.2 0.3 0.4
AW
0.6 ® fem
o lammps

0.1 0.2 0.3 0.4

triaxial
compaction

monodisperse

MPFEM MDR contact model
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Experimental Compaction Simulator
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Pharmaceutical Tableting: Experiment
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Calibrated DEM Parameters

Normal (MDR) Tangential (LH)
E = 8GPa ki = 2 ERmean N/m
v=03 x:; =10
Y =77 MPa U =0.3
Ay =900 J/m? Uewann = 0.1
Uy = 0.125
Tn = 1e4pRy canVp Ke/s
Rolling (SDS) Particle
keott = 312 ERmean N/m Ruin = 139 um
Yroll = T Riax = 160 um
Hron = 1.0 p = 1560kg/m?
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Pharmaceutical Tableting: Simulation
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Open Question:

What controls the pellet length?

Beyond Tableting: Pieter’'s Pelleting Process

Air-Induced Defects: Lamination
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