EMERGING TECHNOLOGIES IN MATERIALS ENGINEERING
22-23 September 2026, Bucharest, ROMANIA

m EMERGEMAT
i 9th INTERNATIONAL CONFERENCE ‘ Z
) SIVHINET o i

EVALUATING COMPACTION BEHAVIOR AND
STRUCTURAL HOMOGENEITY
IN UNIAXIAL CERAMIC PRESSING

Mirela DRAGAN '-* Marian-Nicolae COSTEA -2, Marian BURADA !, Albert TUDOR !

I'National R&D Institute for Non-Ferrous and Rare Metals - IMNR, 178-184 Biruintei Blvd, 077145 Pantelimon, Romania.

? Faculty of Materials Science and Engineering, National University of Science and Technology POLITEHNICA Bucharest, RO-060042,
Bucharest, Romania.

Corresponding author®: mirelad.dragan(@gmail.com

Abstract

Manufacturing advanced ceramic components with controlled geometries (pellets) 1s a critical step for preparing
samples dedicated to specific measurements. Cold powder compaction relies on a series of physical phenomena
transitioning from a dispersed state to a preliminary structure termed a "green body".

While uniaxial pressing 1n a rigid die offers key advantages in simplicity and geometric precision, wall friction
induces internal density gradients. These are subsequently compensated during sintering, where atomic diffusion
ensures full densification.

Powder Densification Mechanism Scheme Stages of Uniaxial Compaction
The physical densification process progresses through three major
l stages under uniaxial load:

O O . Particle rearrangement: A predominantly mechanical phase where

loose particles slide and reduce intergranular void volume.
Q . Elastic & plastic deformation: At high pressures, particles deform
(a) Loose Powder

at contact points, increasing contact area and bonding.
. Consolidation (green body): Formation of a cohesive porous
compact with sufficient green strength for handling.

(b) Rearrangement (c) Deformation / Green Bod

Compaction Cycle & Methodology
The operational sequence for sample preparation consists of 5 critical steps:
Ste Effect on Microstructure / Green Compact
1 Die cavity filling Uniform powder mass distribution dictates final green density homogeneity.
2 | Punches positioning Establishes initial volume (VO) and aligns the compaction axis.
3 Uniaxial pressing Upper punch displacement; application of increasing load at room temperature.
4 Dwell at peak load Holding peak pressure to stabilize contact zones.
5 Controlled ejection | Guided ejection from the alloy steel die, preventing capping or lamination cracks.

Process Advantages Limitations & Technical Solutions

. Simplicity & throughput: Fast direct processing at ambient . Density gradients: Die-wall friction reduces effective central
temperature, ideal for rapid prototyping and lab-scale testing. pressure.

. Geometric precision: Excellent dimensional reproducibility . Mitigation: Subsequent thermal sintering homogenizes density
critical for tight-fitting test fixtures. via diffusion.

. Tailored density: Direct control over green body density via . Green fragility: Lack of thermal bonding makes green compacts
press load adjustments. prone to cracking. Mitigation: Smooth, guided die ejection.
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