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Abstract

The effect ofadding3, 5 and 8 wt. % activated carbon and 10, 20 and 30 wt. #&;Ah
morphology of porous Kaolin ceramics sintered at 11800C for 1h hasbeen investigated.

Slip casting, dry pressing and extrusion were used as fabrication methods for all composition.
Finally, porosity, pore size and shape winestigatecby SEM and images were analyzed by
Image Tool software. Results show that sintering temperature,dabnanethod and additives

like alumina and activated camb have substantiabffects on the kaolin porous ceramics
morphology Maximum porosity value is 45.4% which is obtained at 3@WAl,O3 addition,
fabricaed by slip casting method amsthtered at 180°C, while the ceramic has an acceptable
strength.

Introduction

Nowadays prousceramics areemarkable as filter for purification of air and watespecially

with polluted envionment that we are faced wifh-3]. Fabrication methods for this kind of
ceramics haveenormouspotential for significant improvementThere is tendency to use
naturally abundant raw materials and lower sintering temperttateould reduce the cost of
product B]. Recently, betweemll the applications for industrial prose®f porous ceramics,
membranes have received more interest. Applicatioh ceramic membranes halats of
beneficial properties such @isermal stability long life, good strengt chemical stabilityand
catalytic properties4]. Most of ceramicme mb r a n erfies depend gmecrostructure
morphology Such as, conductivity, catalytic function and thermal resistance of porous materials
that depend on structures of pore, pore geometry and pore size distributioviafilus
fabrication methods foporous ceramics are existehe common method is the polymeric
sponge method which involves impregnation of polymeric sponge into slurries containing
particleswith appropriate binders followed by drying asidtering. Theproducts of this method
have wdl defined and open cell structug, §. Cold dry press and Cold Isostatic Press (CIP) of
the ceramic powders are used to obtain the porous cer&hi. [Another common &hnique is

the foaming methof6]. Some other fabrication methods are reportezhsas coat mix process
[11], extrusion R,12 and13, rolling [6], Chemical Vapor InfiltratiorReaction (CVIR) [14],
Electrgphoretic Deposition (EPD)1p], Slip castingand gel casting13, 16 and 1J7 In this
study, three different fabrication methodisy pressing, slip Casting argktrusion wereused to
produce porous kaolin ceramics. To reduce the cost of products, kaolin is selected as the basic
raw material becausef its natural abundance and other intrinsic properties. Als@zA4nd
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activated Carbo were used as additiveBhe purpose of this study has been airteednprove
the morphology of porous kaolin ceramic by addiigOs; andactivated carboand optimize the
condition of processing

Experimental Procedure
Raw Materials

The kaolin, A}Os; and activated carbon were used as raw materials supplied by IMERYS
Minerals Ltd. (Remblend, England, average particle size 2.7 um), MERCK Chemicals
(Germany, average particles 2.05 pm), NUSAGRI Group of Companies (lran, average particle
size after 1h balmill 200pum), respectively. The chemical composition of the kaolin powder is

' i sted in tabl e,Otpovalerdrd ii mpg erdi tiine st aobfl eAlt £ . Al l
made from elemental powders with addition of multipiganic solution as a bindérhe binder

consists of PVA and PVB which were solved inideized water and ethanol, respectively.

Table £. Chemical composition
Composition| Si0, | Al,Os | F&0Os | TiO, | CaO | KO | NaO | MgO tﬁ;o‘?\”
Wt.% 48 36.5 | 1.01 | 0.05 | 0.07 | 2.00 | 0.10 | 0.30 12.0
Table tt. bOnpgowderi ti es of Al
L . . Loss on drying
Impurities Chloride (CL) | Sulfate (S@) As (Arsenic) Fe (Iron) (80&)
W1t.% <0.015 <0.05 < 0.0005 <0.02 <1.0

Sample Preparation

The kaolin ceramic powderonsisting of 10, 20 and 30 Wt.%l,0; and 3,5 and 8 Wt.%
activated carbgnwere blended with multipterganic solution, dénized water and ethanol to
make the slurries. All the slurries were consisted 32.5 Wt.% ethanol, 32.5 \Wtrized water,
2.5 W.% PVA and 1.5Wt.% PVB witlvarious composition of kaolin and A& or kaolin and
activated carbon. The main steps of the three processing routes for pagmaleation, used in
this work for Al,Os; addition (noted 1, 2 and 3re described ifrigure 1 and for activated
carbon additiorfnoted 4, 5 and 6) are describedrigure 2.

The slip casted and dry pressed samples had tablet shape with 1.5 cm radius and 0.5 cm
thickness and the extruded samples had rod configuration with 1.5 cm radius andén@ths
that were wire cut to tablets with 0.5 cm thickness. Th®1Ra and 25 MPa loads were used
extrusion and dry pressimmgspectively The green bodies were sintered at 11EBDCEC for 1h
while the heating rate waSG&/min.

Characterizing th&lorphology

To study the pore structure, distribution of pore size and morphology of the sintered samples,
cross section of all samples were observed by scanning electron microscope (SEM) (Model Zeiss
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S-360, Cambridge). All SEM images were analyzed by kn&gol software which is developed
for windows by UTHSCSA (version 3.0).

Kaolin i
powder "w,ltw 9

10% 20% 30%
Alumina Alumina Alumina

v removing lig.
Slip phase to obtai

casting i ceramic paste
.

Sintering at
1100-1300°C!
for 1h

Figurel. A schematic diagram showing the main processes (1, 2 and 3) used for preparation of
kaolin-Al,O3 porous ceramics.
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Figure2. a schematic diagram showing the main procggsésand 6) used for preparation of
kaolin-activated carbon porous ceramics.

Results and Discussion

Morphology of KaolinPorousCeramics

Figure3 shows the SEM images of the Kaolin ceramics with 30 Wt.99dddition as sintered

at various temperatures for 1By increasing the sintering temperature from 1100 to 4GQ0
average pore diameter increases and more porosity could be found. Most of the pores have
irregular shapeswhile the sintering temperatuiecreases more rounds pores appeaigures

4(a), (b) and (c) show SEM images of kaolin ceramics with 30 Wt.% addition ,Gf; Als
fabricatedby dry pressing, slip casting arektrusion methods, respectivebnd sintered at
1200°C. The mostLargest poresra shown in slip casted samples whereas less pores formed in
dry pressed sampleét extruded samples as shown in Figure 4A{be pore shape becomes

C
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curved that more round pores is fourldlgure 4(a) shows the sample that is made by dry
pressing methothatis the most densifiedsample

Figures. SEM morphology of the kaolin ceramlws;th addition of 30 Wt.% AbOs thatsintered
at (a) 1108C, (b) 1206C, (c) 1300C for duration of 1h.

Flgure4 SEM morphology of the kaolin ceramlwsih addltlon of 30 Wt.% of AlgOg, fabrlcated
by (a) dry pressg, (b) slip cashg and (c) extrusion methodsdsintered at 120(C.

Figure5 shows SEM images of samples that are made by slimgaséethod and sintered at
1300°C and consist of 10, 20 and 30 Wt.24,05 addition It is found thatthe number of pores
increasesand pore mgrhology becomes larger with increasing the amouwtl gd; from 10 to

30 Wt.%.As it is shown irFigure5(a, b) a larger amount of round pores form in the sample with

20 Wt.% Al 03 but larger dense regions are found in the sintered body with 10 Vi.90s..

The most irregular morphology feund in sintered body with 30 Wt.9%A1,0; (Figure 5(c))

Chen et al. 3] have pointed out that the microstructural development controls the poreisruc
evolution of materials. The pore aggregates and grows in the sintered body, owing to the
presence of glassy phase in sintered bddws most of the round pores are surrounded by
glassy phase.

[ 4 | (_)- ( " ¢ \ \ l’ L '\ |
Figures. SEM morpholog;of kaolln ceramics adrblwnh (a) 10 Wt °/q (b) 20 Wt.% and(c) 30
Wt.% Al O3 as fabricated by slip caist method and sintered at 13@0for 1h

A
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Figures. SEM morphology of kaolin ceramics W|tB Wt.% actlvated carbon fabrlcatedby slip
casing method and sintered at (a) 1260 (b) 1206C and (c) 1300C for 1h.

Figure 6 shows the SEM micrographs of the kaolin ceramics fabricated by slip casting method
with 8 Wt.% activated carbon addition as sinteredraious temperatures for 1Rigure 6(a)

shows thasintering temperaterwas not enough to make the body dense and kaolin flakes are
visible in this sample. It is found that the porosity and average pore diameter increase by
increasing the sintering temperature from 1150 to 4300

Figure 7 shows the effect of fabrication mad on morphology of kaolin ceramics with 3 Wt.%
activated carbon addition as sintered at 220@s it is shown in Figure 7(a) sample that is made

by dry pressing, has denser region and smaller pores. Figure 7(b) shows larger pore in sample
that is madeby slip casting method and particles dispersed in the kaolin agglomerated matrix.
Most of pores have irregular shape and round ones have very small diameter.

£ S s / U ta
Flgure7 SEM morphology of kaolln ceramics W|th 3 Wi. % actlvated carbon addltlon fabrlcated
by (a) dry predag, (b) slip cashg, (c) extrusion method as sintered at ZDfbr 1h.

Figure 8 illustrates the relation between morphology of kaolin ceramics withated carbon
content. ThisFigureshows the samples fabricated by slip icgstnethod and sintered at 1200

for 1h with various content of activated carbon. As it is showfigare8(b) sample which has 5
W1t.% activated carbon is less porous than bath@es that have 3 and 8 Wt.% activated carbon.
The samemorphologyis observed inall fabrication methods. Thus, there is nodefinite
dependency between activated carbon content and porosity in kaolin ceramiectwidibed
carbon addition.Figures8 (a) and (c) show that sample with 8 Wt.% activated carbon has more
porosity and larger pores.

The evaluation of porosity from a SEM image was done by Image Tool software. Results of
analysis with the software were drawn in four diagrams which are shown in Figures 9 to 12.
Figures 9 and 10 show the effect of additives content on porosity of kasdimics in all three
fabrication methods. The minimum amount of porosity was found on samples that contain 5
Wt.% activated carbon. Figure 11 reveals effect of sintering temperature on porosity of kaolin
ceramics with activated carbon. It shows that poyosicreases with increasing the sintering
temperature in samples with 3 and 8 Wt.% activated carbon but decreases in samples with 5
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Wt.%. Figure 12 illustrates that porosity increases with increasing the sintering temperature in
samples with 20 and 3016 Al,O3but decreases in samples with 10 Wt.%!

Figure8. SEM morphology of kaolin ceramics added with (a) 3 Wt.% (b) 5 Wt.% (c) 8 Wt.%
activated carbon addition, fabricated by slip cast method and sintered &€ fa0@h.

Figured. Dependene ofthe kaolin ceramicporositysintered at 110, on Al,Os addition and
fabrication method [(a) slip casy, (b) extrusion, (c) drpressng].

Figurel0. Dependence dhe kaolin ceramicporositysintered at 120, on activated carbon
addition al fabrication method [(a) slip casg, (b) extrusion, (c) dry pressy).
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