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ABSTRACT

In the present study, the effect of Sintering temperature, Particle size and Heating rate of the
ceramic support membrane Elaboration based on dry clay were evaluated using full factorial
design and investigated by porosity and mechanical strength measures. The flat supports have
been prepared from 5 g of the material with a two fraction 2 and 30 um, the extrusion was
performed using the uniaxial pressing in applicant a pressure of 12 tones, the supports
sintered between 900° C and 1200°C with a different heating rate (1°C/min and 10°C/min).
By using full factorial design 23, it was found that the sintering temperature is the main
controlling factors of the physical properties of dry ceramic support membrane, and its
increase had a positive effect on Mechanical strength and negative effect on porosity. The
interactions between the factors were relatively less important, and they had different
(antagonistic/synergetic) influence on the properties. The optimal factors to elaborate the
support membrane include a particle size of 2 um, sintering temperature of 950°C, Heating
rate of 1°C predicting the porosity of 40, 8% and Mechanical strength of 12 MPa.
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1.0 INTRODUCTION

Due to their widely application in
industrial field, the membrane process
had a great interest in recent years.
Filtration whatever, microfiltration,
ultrafiltration and nanofiltration, is
generally referred to by its everlasting
service also its disposal capacity of
suspended solids and microorganisms
[1].

By their high thermal and chemical
potential, ceramics membranes have
several key performance advantages
over its organic counterpart such as
thermal and chemical resistances and
better mechanical strength under high
pressure [2].

However, high cost of ceramic
inorganic membrane has probably
restricted their widespread use for

different commercial application. The
new ceramic composite membrane,
that were produced based on abundant
natural material such as clay, showed
significant  advantages from an
economic point of view [2-4].

Ceramic filters are generally
constituted of a thick support (10 mm)
and mono or multiple thin membrane
(from 10 pm to 40 pm for each one).
Therefore, replacing the more
expensive starting materials, by
cheaper raw materials used as support
(which constitute about 99% of the
filter mass) is significantly important.
A significant support has been taken in
the last years in membrane technology
field in order to find out new porous
ceramic materials at low cost such as
clay [4-6].

* Corresponding to: N. Saffaj (email: saffaj@gmail.com)

DOI: https://doi.org/10.11113 /amst.v25n3.208



2 M. Ait Baih et al.

However, the technologies properties
of dry ceramic support membranes are
influenced by some factors such as
chemicals mineralogical, particle size,
processing operations such as shaping,
drying and sintering temperature [6-8].

Experimentally, many trials are
required for evaluating, the effect of
these factors and their mutual
interaction on ceramic properties. The
Response surface methodology (RSM)
is generally used for the reduction of
the number of experiments and the
determination of a response value for
any chosen natural variables belonging
to the investigated experiments
domains [9-10]. The full factorial
design has also proven to be useful
method for such studies. Many reports
work related to this statistical tool have
evaluated the effects of the mixture of
raw materials on  technological

properties of ceramic materials [11-12].

the effects of manufacturing conditions
using full factorials design to elaborate
the membrane ceramics is not enough
investigated.

The aim of the work was to
investigate the properties of the
elaboration of ceramic dry support
membrane from Moroccan Sahara
Clay and evaluate the effects of
particle size, sintering temperature and

heating rate on porosity and
mechanical strength using full factorial
design.

2.0 MATERIALS AND METHODS
2.1 Materials

The raw material used in this study is
the clay coming from the south of
Morocco (SAHARA). The natural clay
was crushed and sieved to an average
size of 45 um to prepare the ceramic
support membrane.

2.2 Experimental Procedures

The main steps of processing to
elaborate the ceramic support are
reported in Figure 1. The sample was
placed in a stainless steel mould,
pressed at 12 Ton using a hydraulic
press  (uniaxial  pressing).  The
elaborated flat disk 2 mm thick and a
diameter of 4cm were dry and heat-
treated in a programmable furnace.
The thermic treating program ended at
a temperature ranging from 900°C to
1200°C with a plateaus at 250°C for
the elimination of physical adsorbed
water and 550°C for carbonate
decomposition (Figure 2).

(SAHAR)

Raw Clay Clay Powder

Raw Clay Collected from
South of Morocco
Garinding and Sieving
through 45um

Pressing (Uniaxially
Pressing 12 Ton)

Plane

Configuration Sintering

Drying at room temperature

Figure 1 Diagram showing the process used for porous ceramic support membrane

elaboration

Room 1-10°C/min

temperature

Figure 2 Program of thermal treatment
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2.3 Methods of Characterization

Different techniques were used to
investigate the properties of clay and
developed support membrane. The
chemicals composition of powder clay
was analyzed using X-Ray dispersive
fluorescence (SRS200). The particle
sizing accusizer model 770 (Particle
sizing system Santa Barbara) was used
to determine the particle size
distribution.  The  structure = was
determined by X-Ray diffraction
(XRD) using a Siemens 500
diffractometer operating with CuKa
radiation=1.5481A at 40 KV in the
range between 3 and 90°. The porosity
was determined by a mercury intrusion
porosimetry method (Micrometrics,
Model Autopore 9220) for sintered
specimens  support at  different
temperature. The thermal evolutions of
the clay powder were performed with
simultaneous DTA-TGA 2960
instruments under the air with a
heating rate of 10 °C/min from room
temperature to 1000 °C. The objective
of thermal analysis is to identify
temperature regimes where
predominant losses (and  hence
transformations)  occur in  the
membrane. Thereby, an understanding
could be developed for analyzing the
effect of various temperature regimes
on the porous structure, pore diameter
and mechanical strength of the
membrane.

The Mechanical strength (MS) of
sintered specimens was measured in a
bending load of three-point method
according to ASTM C674-88 standard
using Equation (1):

_ 3PL
~ 2bd?

MS

Where P (N) is the maximum load at
rupture, L (mm) is the distance
between the two supports, b (mm) and
d (mm) are the width and the thickness

of the sample, respectively.

The test was performed to control
the resistance of the material sintered
at  different temperatures.  The
mechanical resistance of the ceramic
material was evaluated on specimens
with the following dimensions: length
4 cm, thickness 2 mm and width 10
mm. Specimens were elaborated using
the formulation and the thermal
program adopted previously for
supports elaboration. Each value given
on the curve is the arithmetic average
of at least 10 determinations. The
margin of error calculated in this case
for each measure is 3%.

2.4 Methodology of the Factorial
Design

The study of full factorial design
consists of exploring all possible
combination of factors considered in
the experiments [13]. Note that the
design XK means that this experiment
concerns a system with K factors with
X levels.

Usually, two values of X’s (called
levels) are used. The use of only two
levels implies that the effects are
monotonic on the response variable,
but not necessarily linear [13-14]. For
each factor, the two levels are denoted
using the “rating yates” notation by -1
for the low level of each factor and by
+1 the high level of each factor. Thus,
the number of experiments carried out
by full factorial design with 2 levels is
given by n=2%, where K is the number
of factors to be considered.

The advantage of full factorial
designs is the ability to estimate not
only the main effects of factors, but
also all their interactions, i.e. two by
two, three by three, up to the
interaction involving all K factors.
However, when the number of factors
increases, the use of such design leads
to a prohibitive number of experiments
simulations.
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The elaboration of dry ceramic
membranes depends on some factors.
There are chemicals mineralogical,
particle size, processing operation
(drying and sintering) and so forth.
Only one factor is varied by time and
the others are fixed when any factor is
optimized; subsequently, the best value
obtained by this procedure is fixed and
other factors will be varied by the time;
thus, using the unvaried procedure to
optimize all variables is time
consuming.

The interaction among all factors
are neglected in invariable procedure,
so the best conditions could be
achieved [14]. Full factorial design of
experiments was performed by
practicing with different levels of

factor’s all probable combinations [15].

The results of the experiments design
were analyzed using  statistical
software to evaluate the effect as well

as the statistical parameters, the
statistical plots  (Pareto, normal
probability of the standardized effects,
main effects and interactions plots). 23
full factorial design having 8
experiments for membrane ceramic
elaboration was studied and a matrix
was established according to their high
and low levels, represented by +1 and -
1 respectively. The coded value of
variables with the response (Porosity
and Mechanical Strength) were
illustrated in Table 3. The interactions
between the independent factors were
determined with analysis of variance
(ANOVA) and the main effect of the
ceramic membrane elaboration was
identified based on the P value with
95% of confidence level.

The following codified equation
was used to explain the 2* factorial
designs.

K K K
Y = bO + Z biXi + Z bL]XlX] + Z bl]XlX]X‘m + ey, (1)
i=1

ij=1

iLj,K=1

Y =by + b1 Xy + by X, + b3 X5 + b1, X, X, + b3 X1 X35 + bysXo Xz + 123 X1 X5X5 (2)

Where X, X2 and X3 are the coded
variable corresponding to particle size
(Ps), sintering temperature (St) and
Heating rate (Hr) respectively with K
the number of factors.

Where:
_ PS-PSp | _ St=Stg | _ Hr-Hrg
Xl - ] X2 - s X3 -
APS ASt AHr

With Pso, Sto and Hro are the value at
the centers of the experiments range.
APs, ASt, AHr are the variations steps
of natural wvariables, respectively.
Details of this model are given
elsewhere [16]. The value of the
coefficients b; and bj; were determined
by least squares regression. For this
purpose, eight experiments; ie. 2K
experiments (K is the number of
natural variable (3) were planned.

The planned experiments and the
corresponding  measured  property

(Porosity (Y1) and Mechanical
Strength (Y2) are reported in Table 3.

3.0 RESULTS AND DISCUSSION

3.1 Physico-Chemical Properties of
Clay Powder

The chemical composition of the clay
is given in Table 1, it reveals that the
clay powder is essentially formed of
large amount of silica with alumina
and calcium oxide. Sulphate, Iron,
Magnesium oxides presents a lower
proportion.

The particle size distribution date of
the clay ranges from 1 to 30 um (Table
2). More than 80% of the particles
present a diameter less than 8 pm.
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Table 1 Chemicals Composition of the clay

Oxides

SiO:

ALO3

SOy

Fe203

MgO

KO

CaO

ILo.I

Wt.(%)

42.00

10.55

5.73

4.02

2.24

1.16

10.00

24.30

Table 2 Particle size distribution of the clay

Particle size
(pm) 30 7 2
(Average)
Percentage
(%) 10 20 70
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Figure 3 XRD patterns of raw and sintered clay of 2um fraction

Figure 3 presents the XRD patterns
of raw and sintered clay, it shows that
kaolinite (K), illite (I), quartz (Q),
Gypsum (G), Halite (H) and Hematite
(He) are the main minerals present in
the raw clay and lowercase for gypsum,
halite and hematite.

After calcination of the sample at
600°C, all the peaks in the
diffractogram  due to  kaolinite

the
to

disappear, this is due to
transformation ~ of  kaolinite
amorphous metakaolinite [4, 5, 17].

On the contrary, the peaks of quartz
and illite do not change. New peak
appears of Anhydrite (A) due of
deshydratation of gypsum (G).

At a temperature of 1100°C, peaks
of illite (I) disappear also, whereas
peaks of mullite (M) appear due to the
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transformation of metakaolinite. The
peaks of quartz remain without change
in the diffractogram which confirms
the thermal stability of this phase [17-
18].

TGA DTA
% uV/mg

1001 Endo down

90

80

70 -8

-0 100 200 300 400 _500 600 700 800 900 1000
Temp [C]

Figure 4 TGA-DTA of the clay

Figure 4 presents TGA and DTA of
the clay when  subjected to
thermogravimetric analysis by heating
the dry clay in an a-alumina crucible
from room temperature to 1000 °C at a
heating rate of 10 °C/min.

The weight loss is of the sample is
observed to 24.5%, which can be
explained to the elimination of
physisorbed water around 100°C,
deshydroxylation of the clay due of the
transformation of kaolinite into
metakaolinite [4-5].

During the DTA treatment, we
observed two endothermic peaks at
100 °C and 520 °C, which can be
explained by the elimination of the
physisorbed water and the
transformation of kaolinite into
metakaolinite due to the
deshydroxylation of clay respectively
[4-5].

In the high temperature, structural
reorganization  processes of the
ceramic materials occur as suggested
by the presence of an exothermic
phenomena located between 900°C
and 950°C due to the structural
reorganization of metastable
metakaolinite transitional phase to
mullite (M) [17-18].

3.1 Characterization of Ceramic
Membrane Support

The evolution of porosity of the
membrane supports as a function of
sintering temperature is shown in
Figure 5. The results show a decrease
in the porosity as a function of
sintering  temperature  for  the
membrane and reach a pick at 950 °C
for the both particle size. The
temperature at which the porous
percentage reached 40,8% and 40% for
the particle size of 2 and 30 pum
respectively.

The first part of the curves
corresponds to an opening of the pores
with temperature, whereas the last part
is caused by the beginning of the
material densification and decrease of
porosity.
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Figure 5 The porosity versus sintering
temperature during constant heating rate

The mechanical strength and the
porosity are strongly related to
temperature changes, mainly the final
sintering temperature. The Mechanical
strength reported in Figure 6 increases
with increasing sintering temperature
[4]. The Mechanical strength, also
known as modulus of rupture (o),
reflects good strength of the elaborated
support. Indeed, the  ceramic
consolidates by densification and
becomes more rigid.
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Figure 6 Mechanical strength versus
sintering temperature

The sintering temperature between
900°C and 1050°C, The Mechanical
strength depends strongly on the
particle size and a little less of Heating
rate. This is can be explained by the
fine particles are more prone to
agglomeration, so the green density is
often lower than for coarser particle.
Beyond 1100°C, the Mechanical
strength depend strongly of Sintering
temperature, otherwise the particle size
and heating rate had little influence.

The grain boundaries expand due to
the absorption of small grains by the
largest. This gives great rigidity to the
ceramic and ensures to it good
mechanical strength [6].

3.1 Effects of the Processing Factors

on the Physical Properties of
Support Membrane
The  measured value of the

technological properties (Mechanical
Strength and Porosity) of the sintered
test specimens as a function of particle
size and sintering parameters (Heating
rate, sintering temperature) are given
in Table 3.

A regression equation was obtained
for each ceramic dry support
membrane using factorial design at a
5% level of significance. Analysis of
ANOVA and plots of observed values
versus predicted one were used to
confirm the validity and precision of
model.

Table 3 Experiment design matrix and measured values of the considered responses
(Y1: Porosity; Y2: Mechanical Strength (MPa)

Coded Experimental Values Experimental Predicted Response
Values Response
Run P.artlcle Heating Y, (MPa) Y, (MPa)
size T°C | rate Y1 (%) . Y1 (%) .
AIBIC fum) | ® |cC/min) | Porosity x“hat“lical Porosity gfecha:‘lical
(A) ©) reng reng
1 1 |-1]1 30 900 |10 35.2 13 35,175 13,000
2 1 |1 |1 30 1200 | 10 16 17.96 15,875 18,105
3 1 |1 [-1 |30 1200 | 1 16.5 18.25 16,625 18,105
4 -1 ]-1]-1 |2 900 |1 39 11 38,975 10,500
5 1 |-1]-1 |30 900 |1 35 13 35,025 13,000
6 -1]-1]1 2 900 |10 39.1 10 39,125 10,500
7 1)1 1 2 1200 | 10 16 18.20 16,125 18,100
8 1)1 -1 |2 1200 | 1 17 18 16,875 18,100

The results equations of Porosity (%)
(Y1) and Mechanical strength (MPa)

(Y?>) are reported after:
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Y; =26.72—-1.050A —-10.35B — 0.1500 C + 0.9250 A.B — 0.2250 B.C

Y, =14.93 + 0.6263 A+ 3.176 B— 0.624 A.B

Based on the experimental data,
regression models were fitted for Y;
and Y», as shown in Equations (3) and
(4), respectively. The adequacy of the
initial model was tested vis parity plot
for observed versus predicted values,

(3)
(4)

as demonstrated in Figure 7. As seen in
Figure 7, the high value of the
correlation coefficient (R®> =0,99)
demonstrates good correlation between
the observed and the predicted
responses by initial models.

35 Y =0,0219 + 09992 X

R square
R

Predicted Porosity (%)

5 20 2 30 3
Observed Porosity(%)

q 99.9.%
square (Fit) 999 %

40

Predicted Mechanical Strength (Mpa)

=

Y=0,0959 + 0,9936 X

Rsquare  994%
Rsquare (Fit) 993 %

n o B W B 6 7 B 1
Observed Mechanical Strength(MPa)

Figure 7 Parity Plot of predicted versus observed responses for Porosity and Mechanical

Strength

Analysis of variance (ANOVA) was
employed to investigate the adequacy
and significance of the model. The
effect of a factor is defined as the
change in response produced by a
change in the level of the factor. This
is frequently called the main effect
because it refers to the primary factors
of interest in the experiments. The
ANOVA results showed that the
equation adequately represented the
actual relationship between each
response and the significant variables.
The F-value implies that the models
are significant and value of Prob>F
less than 0,05 indicate that the models
terms are significant. Especially larger
F-value with the associated P value
(smaller than 0,05, confidence
intervals) means that the experimental
system can be modelled effectively
with less error.

According to the ANOVA results
(Table 4 and 5), the values of Fea

(5373,72 and 206,29 for Porosity (Y1)
and  mechanical  strength  (Y32)
respectively were higher and P values
were lower than 0,05 which shows the
significance and suitability of full
factorial model. Moreover, the normal
probability of the residuals almost
indicated no departures from the
normality (Figure 8).

As shown in the Table 6, High
coefficient of determination (R%: 0,999
and 0,993 for Y and Y respectively)
and adjusted coefficient of
determination (R%adj: 0,999 and 0,988
for Y1 and Y? respectively) indicate the
good agreement of experimental
response values with model predicted
values. The predicted R-squared (R?
pred: 0,998 and 0,974 for Y and Y»
respectively) was also in reasonable
agreement with adjusted R-squared
and showed a good prediction of
model.
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Source Sum of | Df | Mean F Value | P-Value
Square Squares Probability
(SS) (MSS) (P)>F
Model 873,230 5 | 174,646 5373,72 | 0,000
Particle Size (um) - A 8,820 1 |38,820 271,38 0,004
Sintering  Temperature | 856,980 1 | 856,980 26368,62 | 0,000
(°C)-B
Heating rate (°C/min)- C | 0,180 1 /0,180 5,54 0,143
AxB 6,845 1 |6,845 210,62 0,005
BxC 0,405 1 | 0,405 12,46 0,072
Error 0,065 2 10,033
Total 873,295 7

Table 5 Analysis of Variance (ANOVA) for response surface for the prediction of
Mechanical Strength

Source Sum of | Df | Mean F P-Value
Square Squares Value | Probability
(SS) (MSS) (P)>F

Model 86,9585 3 | 28,9862 206,29 | 0,000

Particle Size (um) -A 3,1375 1 |3,1375 22,33 | 0,009

Sintering  Temperature | 80,7085 1 | 80,7085 574,39 | 0,000

(°C)-B

AxB 3,1125 1 |3,1125 22,15 | 0,009
Error 0,5621 4 | 0,1405
Total 87,5206 7

Table 6 Values of correlation coefficient (R?) related to the adopted models

Response R? Coefficient | R? R?
of Adjusted | Predicted
Determination
Y1: Porosity (%) 0,999 0,999 0,998
Yo Mechanical | 0,993 0,988 0,974
Strength (MPa)

(response : Porosity (%))

02 071 0,0 0,
Internally Studentized Residuals

1 02

Normal Probability
BEas883 8 8 8

w B

(response : Mechanical Strength (MPa))

0,25 0,00

0,25
Intemally Studentized Residuals

0,50

Figure 8 Normal Probability of the Residuals of Porosity and Mechanical strength
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Factors that influence the porosity (%)
and Mechanical strength (MPa) were
evaluated by using factorials plots:
main effect, interaction effects, Pareto
and normal probability plots [19].
Taking into consideration the value
of linear coefficient shown in the
above equations, the weight effect of
the considered parameters followed the

The Main Effect of Porosity (%)
Data Means

Particle Size Sintering Temperature Heating rate

order: B>A>C for the porosity and
Mechanical Strength

The main effect which are helpful in
visualizing which factors most affects
the response of each parameters
represent deviations of the average
between high and low levels of each
one of them as shown in Figure 9.

Mean

The Main Effects of Mechanical Strength (MPa)
Data Means

Particle Size Sintering Temperature Heating rate

Figure 9 Main Effects for Porosity and Mechanical Strength

Each level of factor effects the
response differently; if the slop is close
zero, then the magnitude of the main
effects will be small. As The results
show, for both responses, the sintering
temperature appears to have a great
effect on the response as indicated by
steeply slope due the great surface
followed by particle size and heating
rate.

The increase of the temperature
decreases the porosity and increase the
Mechanical Strength. Such effects are
related to the strong influence of
temperature on the melt formation and
consequently on the sintering process.
However, the Heating rate had a little
influence  on the technological

properties of  ceramic  support
membrane.
The interaction effect of each

parameters is shown in Figure 10. If

the interactions between the lines are
not parallel, the interactions among
control factors is strong and vice versa.
The figures show the interaction
between sintering temperature and
particle size for the two response is
significant. These phenomena can be
explained that the powder with the
small particle size (high surface area)
is easily sintered and became a single,
large solid body. Otherwise, the main
disadvantage of the large specific area
is tendency to agglomerate and form
uncontrolled lumps and clusters [6, 10,
11, 22, 23].

Agglomerates contain nearly
random-size pores, and the largest of
these pores can seriously interfere with
sintering, as well as causing others
problems like warping and cracking of
the membrane support [6, 10, 11, 22,
23, 27].
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Interaction Plot for Porosity (%)
Data Means

00 1 0
Particle
Size
0 |—*— 2
[ — 0
Particle Size — —a
20

Interaction Plot for Mechanical Strength (MPa)
Data Means

200 200 1 0

.
e ——
Partide Size / o

Sintering Temperature

Figure 10 Interaction Effects for Porosity and Mechanical Strength

A Normal probability plot of the
standardized effects is used and
presented in Figure 11. One point on
the plot is assigned to each effect.
According to the normal probability
plots, the points which are close to a
line fitted to the middle group of
points represent those estimated
factors that do not demonstrate any
significant effect on the response
variables. Points far away from the line
likely represent the authentic factor
effects [20-21].

For the Porosity the main factor
(Temperature and Particle size) and
their interaction (temperature*Particle
size) are far away from the straight
line and are therefore considered to be
significant. The temperature and
particle size exist on the left of the line
which proves that they have a negative
effect whereas the interactions
(Temperature*Particle size) exists on
the right of the straight line which
mean the interaction between the two-

factor acted antagonistically and varied
independently.

For Mechanical strength, the
temperature and particle size have a
positive effect and their interaction
(temperature*Particle size) exists on
the left side of the straight line which
mean the interaction acted
antagonistically. the Heat rate factor
doesn’t significant [22-24].

The relative importance of the main
effects and their interactions was also
observed on the Pareto Chart as shown
in Figure 12. The value that exceed the
reference  line are  considered
significant values and those which do
not are considered insignificant [13,
26]. According to this figure, for
Porosity and Mechanical strength, the
temperature, particle size and their
interaction are significant [22, 25, 27].
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Figure 11 Normal Plot of the Standardized effects for Porosity and Mechanical Strength

Pareto Chart of Standardized Effects
(response = Porosity (%))
Terme 73
|
B
A
AB
BC Factor Name
A Particle Size
B Sintering Temperature
C C Heating rate
;
0 20 40 60 80 100 120 140 160 180
Standardized Effect

Pareto Chart of Standardized Effects
(response = Mechanical Strength (MPa))
Terme 1,78
i
B
A
Factor Name
tE A Particle Size
B Sintering Temperature
- C Heating rate
i
0 5 10 15 20 25
Standardized Effect

Figure 12 Pareto Chart of Individual Factors effects of Porosity and Mechanical Strength

Response Surface Plots for Porosity (%)

Heiding Value
Heating rate 5.5

%
Persity (X) 30

W
200

0 S

20 10
3 i Sindering Temperature
Partice Size: o "

Response Surface Plots for Mechanical Strength (MPa)

Holding Yalue
Heating rate 55

5
150

MS (WP) |, o

o

1100
1000

Sintering Temperature 300 o Particle Size

Figure 13 Response Surface Plots for Porosity and Mechanical Strength

Figure 13 shows the calculated
response surfaces for each
technological property (Porosity and

Mechanical Strength) for the sintered
test specimens. These 3D surface
correspond to graphical representation
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of Equation (1) and (2), and very
helpful in determining the response
value for the sintered parameters
investigated. The surface response
allowed the simultaneous assessment
for the both variable (Particle size and
sintering temperature) and also the
determination the region with the best
performances of the technological
properties. It can be seen that at a
higher sintering temperature, the
mechanical strength was higher and
the porosity obtained was lower.
However, the Particle size has a little
influence in Mechanical strength and
the porosity when the temperature is
around 900 °C, but when the
temperature reaches 1200 °C, the
influence of particle size becomes
insignificant.

Our final objective is to obtain a
higher ~ porosity for a low
hydrodynamic resistance and a high
Mechanical resistance to work a high
pressure. After all the above results,
the elaboration of ceramic support
membrane from a Moroccan clay at
optimal factors including particle size
of 2 um, sintering temperature of
950°C, Heating rate of 1°C predicts
the porosity of 40,8% and Mechanical
strength of 12MPa.

4.0 CONCLUSION

The use of experimental design with a
full factorial design is an effective tool
to evaluate the effects the firing cycle
(Temperature, Heating rate) and
particles size parameters on the
technological properties of clay used in
ceramic support membrane.

The calculated regression models
for each technological property were
found to be statically significant and
presented low variability.

The investigation has demonstrated
that the sintering temperature is the
main controlling factor of the

technological properties of ceramic
membrane support. The increase of
sintering temperature had a positive
effect on the mechanical strength but
reduce the porosity due the
densification of the materials. The
particle size has also a significant
influence of the support porosity, this
is can be explained that the powder
with the small particle size is easily
sintered and became a single, large
solid body. The elaboration of ceramic
support membrane from a Moroccan
clay at optimal factors including
particle size of 2 pum, sintering
temperature of 950°C, Heating rate of
1°C predicts the porosity of 40,8% and
Mechanical strength of 12MPa.
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