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Resumeé

Ce travail avait pour objectif la réalisation de membranes céramiques
composites. Ces membranes sont constituées d’un support macro poreux revétu
d’une premiére couche destinée a la micro filtration avec un seuil de coupure a0.5
um , puis d’un deuxieme dépdt dont le diametre des pores, inférieur & 1 um, se
situe dans le domaine de I’ultrafiltration. Le caractére innovant de ce travail résde

dans le choix des matériaux céramiques utilisés.

Le support macroporeux en kaolin a été élaboré par extruson d’une péate
céramique a caractére plastique et le traitement thermique a conditionné alafois sa
résistance mécanique et sa texture poreuse. Le choix de ce matériau naturel est
basé sur plusieurs critéres : un codt de revient minimal (trés abondant), température
de frittage inférieure & 1300°C. les supports réalisés peuvent étre utilisés dans des
conditions séveres de PH.

La microfiltration et I’ultrafiltration sont des procédés membranaires a
gradient de pression utilisés dans de nombreuses applications, la principale
limitation de ces procédés est la réduction du flux de perméable due au colmatage
de la membrane. La structure composite et la filtration tangentielle permettent

d’éviter de fagon notable le colmatage potentiel en profondeur.

Les membranes élaborées au cours de ce travail, sont I’exemple type d’une
structure composite et présentent une superposition de couches de granulométrie et
d’épaisseur différentes qui assurent une grande tenue mécanique et une faible
résistance au passage du fluide. Cette épaisseur est d’autant plus faible que le

diametre des pores est petit.

Les nouveaux supports de membrane en Kaolin ont été realisés par extruson et
Centrifugation, gréce a une optimisation de la pate céramique et une adaptation du
traitement thermique . I’évolution de la morphologie, de la porosité et de la
résistance mécanique des piéces fagconnés a été suivie en fonction des cycles

thermiques imposés, afin de cerner leurs caractéristiques physiques et chimiques.
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Une membrane de microfiltration (0.5 um ) en Kaolin (F2) a été ensuite mise au
point et déposée sur des support en Kaolin (F2) par la technique de coulage de

barbotine.

Le dépbt en couche mince de Zircone (ZrO,) par la technique de coulage, sur la
membrane de Kaolin (F2), a permis de réaliser des membranes d’ultrafiltration.
Cette couche superficielle d’épaisseur inférieur a 10 um présente des diametres de
pores de I’ordre de 0.05 nm. La membrane de Zircone (ZrO,) peut étre utilisée
pour éliminer partiellement des minéraux en solution.

Les principales caractéristiques de ces membranes (morphologie , diamétre des

pores, débit...) sont données.
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Abstract

M embrane Ceramics prepared from kaolin and doloma powders

Porous ceramics supports are, generally, needed for membranes manufacturing. In fact,
the toplayer is closely related to its support. In addition, the quality of the support is of crucial
importance to the integrity of the membrane layers that are applied in the subsequent preparation
steps. The main objective of this work consists of the preparation of adequate and less expensive
membrane supports. In this way, kaolin is one of the most popular starting materials for
aluminosilicate - based ceramics, due to its common occurrence and good forming.
Consequently, The usua starting materials (alumina, silica, cordierite, mullite, ... ) may be
replaced by alocal kaolin as araw material, in order to reduce the cost of supports fabrication.
Synthetic membranes are increasingly used for energy-efficient separation of liquid and gaseous
mixtures in household applications, environmental technology and the chemical and energy
industry. Besides, membranes are used in component-specific sensors in gas and liquid streams,
referably combined with micro-electronic devices.

Ceramic membranes have a large potentiad over their polymer counterparts for
applications at high temperature, pressure and in aggressive environments. Ceramic membranes
offer the additional advantage that they can be cleaned at high temperatures or by the use of
steam (sterilisation). The first enables their extended use in household applications, while the
latter is of importance in food processing and medical applications.

Future use of ceramic membranes includes their application in chemical reactors or in
combination with heterogeneous catalysts. Both options are a chemical engineer’s dream and
therefore studied much.

Preparation of porous ceramic membranes is expensive, which is a general problem for
ceramic materials. This is caused by the fact that ceramic materials cannot be processed in a
liquid state as their polymer and metallic counterparts. Much attention is therefore paid to the
‘powder technology’of ceramic materials in which powder preparation, consolidation, drying
and sintering are essential steps.



The manuscript of the thesis has been divided into 6 chapters. Chapters 1 and 2 were
devoted to the theoretical study. In the second chapter a more attention has been given to the
support for membranes preparation, using both centrifugal casting and extrusion techniques.
Afterwards, the experimental procedure was well detailed in chapter 3. In addition, the
characterisation of supports as well as the discussion of certain results have been presented in
chapter 4 . The chapter 5 reports on the membrane properties such as porosity, permeahility,
morphology, ... Finaly, some applications have been mentioned in chapter 6.

This thess manuscript reports the in situ synthesis of porous ceramic supports and
membranes, from local kaolin and kaolin - doloma mixtures. These raw materials have been
dictated by their natural abundance (low price) and their beneficial properties. In this work,
many different processing routes have been presented. In addition, two support shapes are of
particular interest: tubular and flat configurations, which are currently the most used supports in
membrane research. Tubular configurations have been produced by extrusion or centrifugal
methods whereas flat configurations have been produced by both dry-pressing and roll pressing.

The doloma addition to kaolin has a positive effect on the porosity ratio of supports
compared to those prepared from kaolin alone. Moreover, the influence of the sintering
temperature on the total porosity, average pore size, pore size distribution and strength of
supports has been investigated.

The attractiveness in the present work is the development of supports for membranes
manufactured from native kaolin and doloma (obtained from dolomite) mixtures, available in
our country. This kind of supports presents features of porosity (porous volume and average
pore size) more important than those elaborated from kaolin as a raw materia. They can be used
as supports of membranes of microfiltration and ultrafiltration. Finaly, it has been found that
the pore structures (modal distributions of pore size, total porosity and average pore size) may
be controlled by the sintering temperature, additions and processing routes.

The manufactured membrane supports are mainly constituted of mullite and cristoballite. The
presence of these phases may also extend further their use, even under severe atmosphere

conditions.



In this work, microfiltration (MF) ceramic membranes were prepared from klaolin (F2)
by dip casting method which is considered to be the most practical method for thin layers
preparation. The pore size of MF membrane is 0.5 um, and their thickness was about 21 pm.

The present work succeeds as the development of membrane + supports manufactured
from kaolin as a raw material. Moreover, the preparation method is relatively easy. These
membranes are characterised by a reduced manufacture cost since the used raw materials are
very abundant (in Algeria) and their properties seem to be acceptable.. Moreover, ultra filtration
(UF) ceramic membranes were prepared from (ZrO;) by dip casting method The pore size of

UF membrane is 0.05 um, and their thickness was about 8 pum.

Findly, it can be said that both microfiltration (MF) and ultrafiltration (UF) are often
used to remove particles, microorganisms, and colloidal materials from suspensions.

Keywords. Kaolin, Strength, Porosity; Extrusion, Membrane support, doloma.



