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Abstract 

Freeze casting or ice-templating is an emerging technique used to fabricate highly porous 

ceramic scaffold having lamellar pore morphology. The growing ice crystals triggers the self- 

assembly of ceramic particles hence produces a large, anisotropic porous material. Water based 

ceramic suspension containing α-Al2O3 platelets was used to form a large porous scaffold by 

unidirectional freeze casting having pores that are negative replica of ice crystals. Well 

dispersed hexagonal shaped α-Al2O3 platelets having diameter and thickness varies in between 

8 – 9 µm and 1 – 2 µm respectively, were synthesized by flux method using boehmite as a 

precursor for alumina. Aqueous ceramic slurry was prepared with these platelets and allowed 

for controlled freezing in a custom made freeze casting device followed by sublimation in a 

conventional freeze dryer results in formation of layered ceramic porous scaffold. Pressing the 

green body in a direction perpendicular to the ice front growth direction with subsequent 

sintering at 1500o C for 4h results a partially dense body. The microstructural study of this 

partially dense material shows large scale parallel alignment of α-Al2O3 platelets. This newly 

developed high porosity mechanically strong material has potential application in energy 

related areas and several structural applications. 
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• To synthesize α-Al2O3 platelets by flux method

• To fabricate large scale ordered lamellar bulk alumina ceramics

Objectives

Introduction

Freeze casting or ice-templating has seen a real surge of interest over the last decade due to its unique

ability to tune the pore morphology in order to produce a new class of porous materials. The basic idea of

ice-templating is elegantly simple: it is a segregation-induced templating of a second phase by a solidifying

solvent (e.g. ice). The second phase can be of practically any nature, from ceramic to metal particles or

polymer, as long as it can be dispersed or dissolved in the solvent and is rejected from the growing solvent

crystals. The solidified solvent is subsequently removed by sublimation, leaving a templated porous

structure where the pores are negative replica of the solvent crystals. The process is based on the low

solubility of the second phase in the solvent, which ensures its segregation during solidification. The

resulting green body can either be used as it is or sintered, depending on the nature and characteristics of

the final materials sought1, 2. The porous lamellar materials produced by this technique have potential in

superior lightweight military armors, filtering and energy related areas and other structural applications as

well.

Results and Discussion

Phase Analysis
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Microstructure Analysis
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HRTEM image of α-Al2O3 platelets 
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Well developed tabular shaped -Al2O3 particles were synthesized by flux method.

Unidirectional freeze casting of -Al2O3 platelets was successfully carried out in a custom-built freeze casting

device at -50o C.

It was established that lamellar scaffold with large scale ordered anisotropic porosity can be fabricated by this

novel processing technique.

Self assemble mechanism 

of platelets3
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(iii) (iv)

(a) Slurry preparation, (b) Solidification,

(c) Sublimation and (d) Sintering 

Processing Steps of Freeze Casting
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Freeze casting or ice-templating is an emerging technique used to fabricate highly porous ceramic scaffold having lamellar pore morphology. The growing ice crystals triggers the self- assembly of ceramic

particles hence produces a large, anisotropic porous material. Water based ceramic suspension containing α-Al2O3 platelets was used to form a large porous scaffold by unidirectional freeze casting having

pores that are negative replica of ice crystals. Well dispersed hexagonal shaped α-Al2O3 platelets having diameter and thickness varies in between 8 – 9 µm and 1 – 2 µm respectively, were synthesized by flux

method using boehmite as a precursor for alumina. Aqueous ceramic slurry was prepared with these platelets and allowed for controlled freezing in a custom made freeze casting device followed by

sublimation in a conventional freeze dryer results in formation of layered ceramic porous scaffold. Pressing the green body in a direction perpendicular to the ice front growth direction with subsequent

sintering at 1500o C for 4h results a partially dense body. The microstructural study of this partially dense material shows large scale parallel alignment of α-Al2O3 platelets. This newly developed high

porosity mechanically strong material has potential application in energy related areas and several structural applications.
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Experimental Procedure

Boehmite (Precursor 

material)

ϒ-AlOOH (10  and 15 wt%) 

KCl-K2SO4-Na2SO4 salt 

mixture

(2:5:3 wt. ratio)

Milled the precursor and 

salt mixture for 6h

Firing at 1000oC 

for 3h

Washing with hot 

water

Drying at 

80OC
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Platelets

Synthesis of -Al2O3 Platelets 

(act as basic building block) Ice –Templating ProcessSchematic of custom-built Freeze Casting Device

Platelet sizes:

Diameter

7 - 9 µm  

Thickness

0.5-1.5 µm

50µm 40µm 10µm

Large Scale Ordered Lamellar Structure

• Aqueous ceramic slurry casting temperature -50o C

• Freezing front velocity 40.65 µm/s

• Structural wavelength 12.94 ± 1.8 µm

λ

[0001]

Approx. at half 

of the height

Schematic of sectioning of the horizontal 

cross-section (perpendicular to ice front 

growth) of the sintered sampleControlled freezing of ceramic suspensions results in the formation

of lamellar ice crystals that expels the particles as they grow4

λ- structural wavelength
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