


Compression Force
Analysis Research

® Development of an Instrumented Press
® Selection of a Transducer Type

® Selection of a Data Collection System
® Literature Review

® Termination of the Project



Developing A Compression

Analysis Philosophy

e What Type of Data Analysis, Density
Profiles, Cycle Plots

® |s an Instrumented Press Required

® Develop a History for Existing
Products, "Fingerprints"

e Applicability of Existing Compaction
Equipment

® Will This Be a Part of Product
Development Procedure



Tablet Formation

® Materials Are Compacted within
a Die and Two Punches

® Punch Movement Reduces
Available Volume

® Punch Movement Continues until
Desired Results Are Seen



Tablet Formation =
Powder Compression

® Changes in Volume Follow a
Rational Sequence

® Each Event Can Be Considered
Separately
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Elastic Deformation
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Plastic Deformation/
Brittle Fracture
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Coherent
Compact Formation
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Bonding Mechanisms i




® Molecular Rearrangement,
Increased Contact Area

® Distance Reduction,
Density Increase

® Orientation Permitting
Bond Formation
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J. T. Carstensen, Solid Pharmaceutics: Mechanical Properties and Rate Phenomena,
Academic Press, New York, N.Y., 1980




® Particle Rearrangement,
Increased Contact Area

® Fragmentation, Distance
Reduction, Density Increase

® Fractured Surfaces Are
Clean/Reactive

® Orientation Permitting
Bond Formation



J. T. Carstensen, Solid Pharmaceutics: Mechanical Properties and Rate Phenomena,
Academic Press, New York, N.Y., 1980




® Fusion of Contact Points
between Crystals

® Contact Point, Part of Irregular
Crystalline Surface

® The Molten Material Resolidifies
Forming a Bond

® Not Well Defined Characteristics



® Deformation beyond Elastic Limit

® Deformation Is Not Completely Recoverable

® The Non-Recoverable Fraction Is
Dissipated in Viscous/Plastic Element

® The Amount May Be Approximated
by Stress Relaxation



Stress Relaxation

® Time Dependent

® Deformation Is Applied to Material
® Solid Resists the Deformation

® Stress Develops within the Material

® Deformation Is Held Constant, Stress
Decays to a Constant Level

® Most Tablets Exhibit This Viscous Behavior



Stress Relaxation

P.S.I.

7200 20/40 Salicylamide
== Micronized Salicylamide
w80/ 120 Sodium Chloride
== <230 Sodium Chloride

6480 w80/ 120 Sodium PAS
= 40/200 Sodium PAS

870 m, Ly

15 30
Sec.



Stress Relaxation

e P,
Plastic Flow
(Stress Relaxation)

|- Compression |- ‘

Time
(a)

J.T. Carstensen, Solid Pharmaceutics: Mechanical Properties and Rate Phenomena
Academic Press, New York, N.Y., 1980




Potassium Chloride Lot #10195
1000X Magnification 1A Milled




® Second Most Common
Bonding Mechanism

® Fragmentation, Fracture Occurs
beyond Elastic Limit

® New Surfaces Are Generated

® New Surfaces Are Foci for
Bond Formation

® Surface Area is Changed
Due to Fracture



Increasing Surface Area

Surface Area

in m*/gm

[= Tablet Size 3/8 Inch
- Batch 1

= Batch 2

Force in 1000 Pounds
J. Am. Pharm. Assoc. Sci. Ed., 42, 194 (1953




® Asperity, Irregular Surface or
Point of Contact

® Historically It Was Felt Fusion
Was a Result of Friction

® Disproved Friction Effect Due to
Conduction of Heat

® Pharmaceutically, Thermodynamic
and Mechanical Models



Thermodynamic Model

® Application of the Clapeyron Equation

® Decreases in Volume Result in
Lowered Fusion Point

® Only the Solid Material Is at
High Pressure

® Liquid Is at Ambient Pressure



Mechanical Model

® Stressed Beam Model of the Crystal

® Point Pressures Result in
Compressive/Extensive Vectors

® Reduced Melting Point Results



Summary of Bonding Mechanisms




Characterization of
Bonding Mechanisms

b Density Profiles

® Force Application Profiles,
Cycle Plots



Density Profiies

® Volume Reduction or Density/
Porosity Changes with Respect
to Applied Pressure

® Analysis Technique, Athy-Heckel/
Heckel Equation
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