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ABSTRACT

This research work comprises of fabricating highdyous silica ceramics by two different fabricationites such
as Direct Foaming Method and Sacrificial Templatetivdd (saw dust is used as porgen). The as-fabdicadrous
ceramics were characterized for physical, struttana mechanical properties for their end use asmhl insulators in
various applications. In this investigation, theulés shows that the porosity of porous silica ceca by direct foaming
method and sacrificial template method as 86% a8fth Tespectively. Compressive strength which wasidofrom
universal testing machine (UTM) is 25 x4BIPa & 14 x 10° MPa for silica ceramics by direct foaming methadi a

sacrificial template method respectively.
KEYWORDS: Compressive StrengtRorgen, Porosity, UTM
INTRODUCTION

Significant number of processing methods have b#mreloped in the last few years to manufacture ysro
ceramics . This paper presents a new approachnéoprieparation of porous silica foams through difeam method in
which small amount of CTAB act as foaming agent &#\dA (Poly Vinyl Alcohol) as binding agent. Wheres &
sacrificial template method saw dust (is used agey. The microstructure, mechanical and thermapgrty of the

resultant foams has also been discussed.

Porous silica tiles made by direct foaming methodhat pores are observed as irregular and lesgpEssive
strength is observed. In sacrificial template mdthaw dust is used as porgen so that a small patevieloped for little

higher compressive strength.

In present market, Porous ceramics materialsragedat demand due to their intrinsic propertiks low mass,
high permeability, high surface area, low speclieat and low thermal conductivity. Hence it is usedvarious

applications in catalysis, separation, lightweigfntictural materials, thermal insulation and biamats etc. [1].

EXPERIMENTAL PROCEDURE
Raw Materials

The raw materials used for this study were fusdidaspowder (99% pure, d50 = 3&), Alumina powder
(99% pure, d50 = 1:8n), PVA (Poly Vinyl Alcohol, molecular wt. 1, 25,00, S.D. Fine Chemicals Ltd.), CTAB
(Cetyl Trimethyl Ammonium Bromide, S.D. Fine ChealgLtd.), Saw dust (~425 microns) & Distilled wate

» Equipments Used for Processing Porous Ceramic®ot Mill, Hot Air Oven, Raising Hearth Sinteringifhace

 Equipments Used for Characterization of Porous Cermics: Particle Size Analyzer, SEM, Thermal

Conductivity Tester.
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e Preparation of Porous Ceramics by Direct Foam Methd: The processing of silica foams was carried out by
following several steps (Figure 1). In this procete first step involves slurry preparation. Therry was
prepared in an order; first PVA solution (4 wt. %s mixed with calculated amount of water, themwsiahe
silica powder & then alumina balls were mixed. Thiss followed by addition of the alumina powder atdast
CTAB powder was also added to it. Alumina balls~& mm diameter were used as milling media in 1:1
powder-to-media ratio. The as-prepared mix waseahiih a polystyrene bottle in a pot mill at 60rpmf& h and

then the foaming was done for 3 h by changing trection of polystyrene bottle to pot mill axis.

The second step was the casting of the foamedysinrthe greased polystyrene molds of 60 x 50 xnird
dimension. The as-cast porous ceramics in the meids kept for 24 h at room temperature (25°C & @8k for the
aging process and initial drying at RT (Room Terap@e). During the casting process, the mold wamgeally tapped
to distribute the foam uniformly. The green stréngf the foams was optimized through careful s&ecof ~52.64%
solids loading. To arrive at the optimum solidsdiog, separate experimental trials were conduatediving different
process parameters such as (i) varying amounts\V#, ETAB, alumina powder, (ii) mixing, (iii) foamig, and
(iv) sintering durations. Based on such trial stsdiit was found that the composition including 6826 overall solids
loading, 4 wt% of PVA, 5mg of CTAB had formed kireatly stable foam.

The third step was the controlled drying in a cartian hot air oven at temperature up to 100°Cépst First the
oven was kept to hold at 50°C for 5h. This step fedlewed by release of the partially dried sampfi@sn polystyrene
molds and then the temperature of the oven wasased to 80°C for further drying of the samples8@tC, the samples
were dried for 2h and then 100°C for 1h finallyonder to get completely dried green porous bodigs.green density and

drying shrinkage of the sample was thus calculbtedeighing the sample and measuring the samplertiians.

The fourth step was sintering of the green samgld400°C for 3h in a raising hearth sintering o The fifth
step consisted of the physical, micro-structural amechanical characterization of the samples thralemsity calculation,
SEM and UTM. The pore sizes were calculated bygusitage analysis software (Image Tool).
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Figure 1: Flow Chart for Direct Foamlng Method

Foam Casting

e Preparation of Porous Ceramics by Sacrificial Temphte Method: The processing of silica foam through
sacrificial template route (porogen saw dust) wasied out following several steps (Figure 2).Histprocess the
first step involves slurry preparation. The slunrgs prepared in an order; first PVA solution (4 %). was mixed
with calculated amount of water, then slowly silpawder & alumina balls (~8 mm diameter) were mixec
polystyrene container. Alumina balls were used dlingn media in 1:1 powder-to-media ratio. This wiatiowed
by addition of the alumina powder, saw dust pastick finally CTAB powder was also added to it. The
as-prepared mix was shaked well and then milled polystyrene bottle in a pot mill at 60 rpm forhl&nd no

foaming was further carried out as saw dust wad asepore forming agent in this process. The sestaplwas
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casting of the as-milled slurry in the greased gigiene molds of 60 x 50 x 15 mm dimensions. Theaa$
porous ceramics in the molds were kept for 24tpatrtemperature (25°C & 65% RH) for the aging psscnd
initial drying at RT. During the casting proceds mold was periodically tapped to distribute therg casting

uniformly.
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Figure 2: Flow Chart for Sacrificial Template Method
The green strength of the foams was optimized tiltazareful selection of ~ 47.7% solids loading.aFdve at
the optimum solids loading, separate experimemialistwere conducted involving different processapaeters such as
(i) varying amounts of PVA, CTAB, alumina and saustl(ii) mixing, and (iii) sintering durations. Bs on such trial
studies, it was found that the composition inclgdird7.7% solids loading & 4 wt. % of PVA, 5 mg of 88 formed

kinetically stable foam.

The third step was the controlled drying of as-casnples in a convention hot air oven at tempegatyr to
100°C in steps. First the oven was kept to hold0AC for 5h. This step was followed by releasehef partially dried
samples from polystyrene molds and then the tertymeraf the oven was increased to 80°C for furthing of the
samples. At 80°C the sample were dried for 2h had 100°C for 1h finally in order to get completdlyed green porous
bodies. The green density and drying shrinkagéefsample was thus calculated by weighing the sampd measuring
the sample dimensions. The fourth step was siasfrthe green samples at 1100°C for 1h in a mikarth sintering
furnace. The fifth step consisted of the physigatro-structural and mechanical characterizatiothef samples through

density calculation, SEM and UTM.

CHARACTERIZATION OF POROUS CERAMICS
Physical Characterization

The mass density or density of a material is defined as its mass per unit vauithe symbol most often used for
density isp (the Greek letterho). Mathematically, density is defined @mass divided byvolume: p = m / V. Where is the
density, m is the mass, and V is the voluierosity is a reverse of density in any material and is agaee of the void

spaces in a material.
Porosity is calculated as 1- (Sintered densitylkBlensity) (D)

In this study, the as-cast porous ceramic samptes £ach composition were dried at room temperafore
24 hours to ensure partial water loss. The greewpks were then measured for their wet dimensidhen the samples
were kept in hot air oven for 80 for 3 h and then slowly temperature was increase®DC for 2h and at 186G for 1h.
The samples were then fired in a resistance furtmtemperature in the range of 1100°C. After ¢uplthe samples were
weighed and sample dimensions were measured whikhawn as sintering weight and sintered dimensBinminkage

data was generated for 3-5 different samples foh egstem, and the average was calculated foh&.drying shrinkage,
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firing shrinkage and the total shrinkage (%) weaksglated for each sample using the following folar{6].

Avg.Drying Shrinkage = (OLDL)/OL*100 X2
Avg.Firing Shrinkage = (DLFL)/FL*100 3)
Total Shrinkage = (OLFL)/OL*100 4)

Microstructural Characterization

Compressive strength is measured on a UniversdingeMachine (UTM) ranging from 20 N to >50 MN
capacity. Measurements of compressive strengtlaffeeted by the specific test method and conditiohsieasurement.

The formula used for calculating the compressivesstand strain is as follows;
Compressive Strain = Compressive extension (mndigii of the Sample (mm) (5)
Compressive Stress (N/mm2) = Load (N) / SurfaceaAriethe Sample (mm2) (6)
Where, Surface Area of Sample (mm2) = Width (mrhbergth (mm) of the sample in eq. (5&6).

For measuring compressive strength in this stutly sample preparation process involved resin inm@atan of
the sintered foam samples followed by drying at®@5r 30 minutes and then curing at 135°C for 1@utés, so that the
sample could be handled without breakage durinte&gng and analysis. The resin impregnated pocewsmic samples
were cut into 10 x 10 x 10 mm cubes using diamartting tool machine. The resin was further burrit(660°C/1h) from
the samples after cutting or machining them intsirgel shapes and size for testing purpose. Theaasimed and fired
foam samples were compression tested by using Wakeesting Machine (Instron 5500R) at a crossheaeked
of 0.5 mm & load cell of 100kN (Figure 3).

At every close interval, instantaneous load andresibn data was measured & recorded. For each safsts

were performed and based on the average resuthph gvas plotted between compressive stress angdressive strain.

Figure 3: Universal Testing Machine (UTM) Used forCompressive Strength Testing

RESULTS AND DISCUSSIONS
Physical Properties

By measuring the weight and dimensions of porolisasceramics samples by direct foaming methodD(S)-
and sacrificial template method (Si-Sd) after dgyemd sintering operations, the porosity was catedl by using the

formula given in eq.(1)

Table 1: Porosity of Silica Porous Ceramic SamplesaFabricated in this Study

Material | Bulk Density Sintered Porosity
System (g/cc.) Density (g/cc.)| (%)
Si-DF 2.2 0.36 86%
Si-Sd 2.2 0.52 78%
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Linear Shrinkage

The dimensions of the porous ceramics after drging sintering were measured and the linear shrankalgle
was prepared for porous silica ceramics are studigdisted in Table 2 &3. The linear shrinkage wakulated from the
formula in eq. (3&4).

Table 2: Linear Shrinkage Data for as-Fabricated Pmous Silica Ceramics

Si-DF 6.3x5.2 x1.3 6.25x5.15x1.25 6.2x 5.1x1.2

Si-Sd 6x5x15 5.95 x4.9 x1.45 5.9x 4.85x1.3

Table 3: Total Linear Shrinkage Data for as-Fabricaed Porous Silica Ceramics

0.8 08| 38| 0§ 097 4 1.
0.8 2 33| 0.8 1.0 103 1.

B 1100C/3h
3 136 1100C/1h

V707
-

Microstructural Characterization

By examining the SEM micrographs, for porous sitesaamics made by DF method (Figure 4) pores wared
to be nearly spherical in shape and almost unifprdigtributed, hence the average pore sizes wasiletéd by image

analysis of the micrographs and shown in Table 4.

Table 4: Description of Image Analysis Data in thé>orous Silica Ceramics

Si-DF 100 300 800 500

Si-Sd -- 220 624 400

SEM HY: 200 kW WD 47 7020 mm I L
SEM MAG: 100 3 Det: SE Detectar A00 pm WEGAL TESCAMN i
Date{m/did: 0151 2011 Digital Microscopy Imaging n

Figure 4: SEM Micrographs of Porous Silica CeramicdMade through Direct Foam Method
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SEmM Hv. 1.00 Ky WD 21.5100 mm T M
SEM MAG: 100 x Det SE Detector 500 pm WEGANL TESCAN L
Datedmidid: 0141211 Digital Microscopy Imaging n

Figure 5: SEM Micrographs of Porous Silica CeramicdMade through Sacrificial Template Method

Mechanical Properties: Compressive Strength

The average compressive strength was calculatedsing formula in eq. (6) & (7). The Universal Tegfi
Machine (UTM) was used for calculating average casgive strength and the results of mechanicaintegtorous
ceramics have been listed in Table 5.

Table 5: Average Compressive Strength Data for Pores Silica Ceramics System

Si-DF 10x 10 x 10 86% 25 x 10-2
Si-Sd+C 10x 10 x 10 78% 14 x 10-2

The stress-strain graph has been plotted by comsjdeompressive strength and strain at every stage

The stress-strain graphs for silica porous cerammave been shown in Figure 6 & 7.
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Figure 6: Compressive Stress-Strain Curve for Silie Porous Ceramics Made by Direct Foam Method
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Figure 7: Compressive Stress-Strain Curve for Sili@ Porous Ceramics Made by Sacrificial Template Methd

CONCLUSIONS

In this investigation, the results show the pora@esamics by direct foam method has more porosign th

sacrificial template method. Since the porositynisre so the compressive strength was less in paengsnics by direct

foam method than sacrificial template method. Almasiform pore size is observed in direct foam rodthMaximum

linear shrinkage is achieved in height for two methsince upper surface is exposed to atmosphere.
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