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Abstract

Porous ceramic burners have been shown as a promising technology to produce heat and lighting by burning low calorific fuels like modern
biomass. Among ceramics, yttria (Y,O;3) presents considerable luminescent proprieties for gas burner technology. By colloidal processing of yttria,
this work aims to produce luminescence ceramic nettings with potential to be used as gas burners. Processing parameters such as mean particle
size, zeta potential and flow behavior were evaluated in order to prepare suitable suspensions for replica method. Yttria nanoparticles presented
light emission with A =550 nm when being thermal stimulated at 150 °C. Besides, the nano sized powders dso = 113.8 nm and specific surface area
of 13.6m” g~! could be highly stabilized at pH 10.5. Suspensions with 30 vol% of solids, pH 10.5, 1 wt% of dispersant and 0.3 wt% of binder
presented shear thinning behavior and thixotropy suitable for replica method. As a result, samples sintered at 1600 °C/1 h showed homogeneous

morphology of struts and porous microstructure desirable for gas recirculation and burning process.

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Yttria (Y203) is one of the most important rare earth oxides.
This structure is generally referred to as C-type. According to
Hoekstra et al.' all the rare earths sesquioxides belong to this
system such as Dy, 03, ThO3, Ga;O3 and Iny O3. Nevertheless,
three Y203 polymorphs have been found. Gourlaouen et al.”
and Srikanth et al. reported the monoclinic structure (B-type) at
997 °C under 2.0 GPa during plasma spray coating. Navrotsky
et al.’ showed that the C-type becomes fluorite type at 2308 °C
and hexagonal A-type at 2325 °C. Quin et al.* observed struc-
tural changes from C-type to B-type for yttria nanoparticles
smaller than 10nm. Yttria has similar chemical and physical
proprieties to other rare earth elements, thus is very used as
matrix to compose luminescence materials. Wang et al.” reported
that lighting emission of Y,03:Eu’* increased as a function of
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crystallite size and particle. Zhang et al.® observed a significant
emission improvement for Y,03:Eu>* phosphors as synthesized
by combustion reaction as well as sintering in vacuum. Goldburt
et al.’” described that Y,03:Tb phosphors with particle diame-
ter of 10 A presented higher emission than those with 100 A.
Furthermore, Y,03 is a potential material to be used in porous
burners for lighting.

Barrer et al.® found out that lighting emission by gas com-
bustion in porous components was more efficient rather than a
free flame. The porous structure works as heat circulator, which
improves flame speed, stability and low emission of CO;. Thus,
this technology fulfills requirements on lower pollution emis-
sions (NOy, CO), according to United Nations’ Low Carbon
plans.”

The processes commonly applied to produce porous ceramic
components are sacrificial template, gel casting and replica.'’
The last one is very useful due to its applicability for any
ceramic material dispersed in suspension. Further, the template
can be any organic material to be burned out during thermal
treatment. Several materials have been used such as wood,'!
carbon sponge,'” polyurethane foam,'® vegetal sponge,'* coral
mineral,' coral skeletal carbonate,'® echinoid spines.'’
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By replica components with complex shape can be pro-
duced. However, the ceramic suspension has to present a suitable
rheological behavior, wherein viscosity plays an important
role during the processing. High viscosity suspensions are not
desired, seeing that they present much resistance to flow. As
a result, they cannot recover and enter into cavities of porous
template either. On the other hand, low viscosity suspensions
cannot remain on the surface of the template, since they flow
easily. Thus, the ceramic suspension has to be able to flow while
is subjected of external force and has to present higher viscosity
as static condition. This flow characteristic is reported as shear
thinning behavior.'® In addition, thermal treatment is extremely
important. Controlling the heating rate and temperature slope the
organic template can be burned out without disrupt the ceramic
structure.

Nowadays, few studies about colloidal processing of yttria
have been reported. One of the first papers reporting the isoelec-
tric point (IEP) of yttria was done by Moreno et al.'” In this
study was reported that the isoelectric point of yttria particles
was located at pH 8.5 and the highest zeta potential value was
achieved at pH 11 (¢ = |50 mV/). Fuji et al.”” evaluated the stabil-
ity of yttria suspensions as a function of dispersant concentration
and pH. As a result, yttria suspensions prepared with 1 wt% of
polyacrylic ammonium acid (PAA) showed the lowest viscosity.
Li et al.2! showed that stable YAG (Y3Al50;2) aqueous slurry
presented a minimum viscosity in pH range between 9 and 11.
Santos et al.”> determined that high stable yttria suspensions
(¢ =156 mV]) could be prepared at pH 10 and with 1 wt% of PAA.
Sonoda et al.>” reported that Y-doped CeO» suspensions were
more stable in acid pH range rather than alkaline. By colloidal
processing of yttria since powder characterization and condi-
tioning until rheological evaluation, this study aims to determine
suitable processing parameters to produce luminescent ceramic
nettings with potential for gas burner technology.

2. Experimental

Yttria powder (Y,20O3) supplied by Johnson Matthey. Firstly,
the powders were subjected of milling in atritor mill for 1h
based on prior work.”” Powder characterization was performed
by helium pycnometry (Pycnometer Micrometrics 1330);
scanning electron microscopy (SEM, Philips XL30); X-ray
fluorescence (XRF, Rigaku RIX 3000); X-ray diffraction (XRD,
Rigaku Multiflex), with scanning at 1°/min, range from 10 to
80° (20), radiation Cu-ka; thermal gravimetric and thermal
differential analyses (TGA/TDA, Setaram S60/38336), with a
heating rate of 10 °C/min up to 1400 °C, in ambient atmosphere
and having alumina as reference material; Photon Correla-
tion Spectroscopy (PCS, ZetaPALS Analyzer, Brookhaven
Instruments) to determine particle size distribution. For PCS,
diluted aqueous suspensions with 0.001 vol% of particles were
prepared at pH 10.5 by adding NaOH solution (0.5 M). Before
measurements samples were homogenized in ultrasonic cleaner
for 30 min (optimized time); specific surface area, by BET
method (SSA, Micrometrics ASAP 2010). In addition to SSA,
theoretical mean particle diameter (dpgr) was determined
by BET equation (Eq. (1)), which considers particles having

homogeneous morphology. Besides, based on dpgt result was

calculated the agglomeration factor (F,¢) as shown in Eq. (2).
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where dsgp=experimental mean particle diameter (um);

dpgt = theoretical mean particle diameter (um).

The emitted luminescence of yttria particles was measured by
a combined thermoluminescence reader (model Risg TL/OSL-
DA-20) based on a heating system up to 700 °C and spectrometer
(Ocean Optics, model QE65 Pro) with spectral sensibility from
200 to 950 nm. The samples were heated with a heating rate of
2 °C/s until 400 °C in room atmosphere. Afterwards, the samples
were cooled by a nitrogen flow until room temperature.

The stability of powders in aqueous medium was evaluated by
measuring the electrophoretic mobility of the particles and deter-
mining zeta potential (¢) using Smoluchowski model (Eq. (3))
and zetameter based on light phase scatter analyzing (ZetaPALS,
Brookhaven Instruments Corporation, USA). Stock suspensions
with 0.5 gL.=! of solids were prepared, having NaCl 1072 M as
indifferent electrolyte. HCl and KOH solutions were used to shift
pH of stock suspensions from acid to alkaline (pH 5.6-12). In
order to compare the effectiveness of dispersant dosage on stabil-
ity concentrations from 0.5 to 2 wt% of polyacrylic ammonium
acid (PAA, Duramax D3005, Rohm and Haas Co.) were added in
stock suspensions. Before measurements, all suspensions were
homogenized in ultrasound cleaner for 2 min.

£ = Mel]
&
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where ¢ = permittivity of liquid (J/V2 m); n = viscosity of liquid
(cP); p. =electrophoretic mobility of particles (j sTTv-lem).

Yttria aqueous suspensions were prepared varying solids
loading from 15 to 33vol% and using the following addi-
tives PAA, tetramethylammonium hydroxide (TMAH,
Sigma—Aldrich) and carboxymethyl cellulose (CMC,
Sigma—Aldrich) from 0.3 to 1wt% (based on suspension
weight). All suspensions were homogenized by ball milling for
24 h with alumina balls (@pars = 10 mm).

The flow behavior of suspensions was performed by a
rheometer (Haake RS600, Thermo Scientific, Germany). The
sensor system consisted in a double cone rotor and a stationary
plate (DC60/1°). The characterization was carried out by flow
curves in controlled rate mode (CR). Measurements were per-
formed at 25 °C by increasing the shear rate from 0 to 1000s~!
in 5 min, holding at 1000 s~! for 2 min and returning to 0s~! in
5 min. For each CR run 200 points were measured.

For replica conformation a cotton-nylon netting (CNT) was
selected as template considering its cells morphology distribu-
tion. Samples of CNT were immersed into yttria suspension;
afterwards the excess of suspension was removed by squeezing



S.C. Santos et al. / Journal of the European Ceramic Society 34 (2014) 2509-2517 2511

2,5um

Fig. 1. Micrographs of yttria powders by SEM (a) as received and (b) after milling for 1 h.

out the samples. After drying in ambient temperature for 24 h,
impregnated CNT samples were sintered at 1600°C/1h in
ambient atmosphere by vertical furnace (Lindberg/Blue M).
Densities of sintered samples were determinate by Helium Pyc-
nometry and surface microstructure evaluated by stereoscope
(Jena GSZ, Carl Zeiss) and SEM.

3. Results and discussion

Fig. 1 shows micrographs by scanning electron microscopy
(SEM) of Y,03 powders as received and after milling for 1 h.
Before processing Y,0O3 presented board shape agglomerates
of particles larger than 2 wm. On the other hand, milling for 1 h
was able to break down the agglomerates into smaller particle
size distribution, which is desirable for preparing stable and con-
centrated suspensions. In our previous work, we evaluated the
milling time of yttria powders by atritor mill from 1 to S5h. As
consequence, the first hour of processing was the most efficient,
reducing particle size from dsp =6.51 pm to dsp = 1.53 pm and
for 3h from 1.53 wm to 1.31 wm. However, for 5h the milling
was not effective anymore dsp=1.31 um to dso = 1.52 pm. Fur-
thermore, after 3 h of processing particles started agglomerating.

Equivalent particle diameter by PCS of Y,03; powders after
milling is shown in Fig. 2. As a result, Y>,O3 powders consists in
a narrow nano sized particle distribution with a mean diameter
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Fig. 2. Distribution of yttria equivalent particle diameter by PCS.

(dsp) of 131.8 nm. Besides, the size difference (Span) between
minor (d10) and major (dgo) distributions was only 1 nm. Further-
more, relating span to dsq (relative span) this difference is much
less 0.01. Therefore, Y03 showed a monomial distribution of
particles.

The X-ray diffraction pattern (XRD) of Y,0O3 powders is
shown in Fig. 3. As a result, it agrees well with C-type cubic
structure presenting high intensity pick around 29° according to
powder diffraction file (P.D.F. 25-1200). No impurity peaks and
no transition to monoclinic phases were observed, which indi-
cates that the powders are pure in both chemistry and crystalline
phase.

As result of X-ray fluorescence (XRF) of yttria powders,
the sample showed Y>03 (98.7 wt%), SO3 (1.2 wt%), Fe,O3
(0.09 wt%), CuO (0.03 wt%). As the impurities concentration
was less than 2wt% it is not expected significant effect on
dispersion of yttria particles. For colloidal processing, chem-
ical composition of material is an important parameter, since
impurities can influence positive or negatively on the stability
of particles (electrophoretic mobility, zeta potential, isoelectric
point).

Fig. 4 shows TGA/DTA results of Y,0O3 powders. For temper-
ature range until 1200 °C no exothermic peaks, which is related
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Fig. 3. Diffraction pattern of C-type cubic Y03 powders by X-ray diffraction
(XRD) in accordance with PDF. 25-1200.
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Fig. 4. TGA/TDA of Y,03 powders at 10 °C/min until 1200 °C in ambient
atmosphere.

Table 1

Particle characterization results of Y203 milled powders.

Specific surface area (m?> g~ !) 13.59
Real density (g cm_3) 4.84
Calculated mean particle diameter (dggr, nm) 91.20
Experimental mean particle diameter (dso, nm) 131.80
Agglomeration factor — Fyg 1.45

to phase transformations was detected (narrow line). Besides,
Y03 presents a loss of mass of 2.5 wt% due to particles dehy-
dration (thick line).

Particle characterization results are summarized in Table 1.
Specific surface area by BET method was 13.59m?g~!.
Real density corresponded to 94.90% of theoretical density
(5.10 gecm™3). Comparing calculated mean particle diameter
(dgeT) from BET equation with experimental (dsg) from PCS
the difference was only 40.6 nm. Further, the agglomeration fac-
tor (Fg) was small 1.45, which means the particles were well
dispersed.

Fig. 5 shows thermoluminescence (TL) spectra of yttria pow-
ders at heating hate of 10 °C/s from ambient temperature until
400 °C. From the figure the thermal stimulated emission spectra
is composed by one peak (Fig. 5a), at 150 °C with the emission
light quanta at A = 550 nm. The major electron population which
has been recombined by irradiation was thermal released from
the traps within the material at 125 °C. The TL signal during
exposure to the stimulation temperature is observed to decrease
to a low level as the trapped charge is depleted above 125 °C
(Fig. 5b). As predicted by TL theory,”* the intensity of TL /
(1) in photons per second at any time (#) during heating is pro-
portional to the rate of recombination of holes and electrons at
potential role trap level (R). Consequently, TL intensity (/) can
be defined as the derivative of the concentration of holes trapped
(m) at (R), where the negative sign indicates a decrease of holes,
as follows:
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Fig. 5. TL emission spectra of yttrium oxide particles at heating rate of 5 °C/s
until 400 °C. In (a) TL emission quanta at A =550nnm and (b) TL spectra as a
function of wavelength and temperature, where TL emission at 150 °C.

Fig. 6 shows zeta potential curves of YoO3 nanoparticles as
a function of dispersant concentration and pH. According to>
yttria particles are soluble in acid conditions, thus pH was set
from 5.5 to 12.5. Suspensions with no dispersant (0 wt% PAA)
presented an isoelectric point (IEP) at pH = 8.5. At this condition
zeta potential is zero (¢ =0 mV), where attraction forces are very

604 Y,0, PAA (Wt%)
50 ] —v—00
1 —fp—0.5
40 7] —dx—1,0
30 —0—20
20 4
NaCl10° M

Zeta Potential (mV)
o o
P
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«30 .-
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Fig. 6. Zeta potential curves of Y, O3 particles as a function of pH and dispersant
(PAA, wt%) concentration.
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strong and particles tend to agglomerate. Therefore, to prepare
stable suspensions is desired to set up pH value far from IEP.
For all pH range evaluated the stability of Y203 took place at
pH<7 (|¢=50mV]) and pH > 9.5 (|t =40 mV]).

Using polyacrylic ammonium acid (PAA) as dispersant
promotes stability of particles by electro steric mechanism.
The prior interface liquid/particle surface changes to lig-
uid/dispersant/particle surface. As a consequence zeta potential
(¢) and IEP are resulted from this interaction. PAA is based on
carboxylic acid groups (COOH), in which dissociation mecha-
nism is given as follows:

A-COOH + H,0 < A-COO™ +H;3O" 3)

According to the pH and ionic strength of the medium,
the fraction of function groups that is dissociated (COO) and
that which is not dissociated (COOH) will change. As the
pH shifts from neutral to alkaline, the extent of dissociation
and negative charge of the polymer increase. In addition, more
negative charge adsorbs on the particles surface as well as poly-
mer chains sketch. As a result, the stabilization of particles is
improved by two ways, high charge of the polymer adsorbed
on particle surface and the physical barrier by polymer chains
sketched.

For all PAA concentrations IEP is displaced from pH=_8.5
to pH=6 and pH=6.5. Suspensions prepared with 0.5 wt%
of PAA presented stable conditions at pH > 7. For 1 wt% of
PAA significant zeta potential values were achieved at pH > 6.5
(¢ =20mV]|), whereas for 2wt% of PAA this condition is
established at pH > 6.7. Moreover the highest zeta potential,
which means the best stability condition takes place at pH 10
(J¢ =56 mV|). The use of PAA as dispersant was useful to dis-
place IEP to lower pH and to prepare stable suspensions apart
from pH=6.5. Based on these results, using 1 wt% of PAA and
setting up pH=10.5 were the best parameters to prepare highly
stable suspensions. Based on these results, using 1 wt% of PAA
and setting up pH=10.5 (]=56 mV|) were the most suitable
parameters to prepare highly stable suspensions.

The correlation between zeta potential ({) and stability of
particles in suspension is well understood when based on vis-
cosity (1) results as shown in Fig. 7. For pH values beside
IEP (pH=28.5) result in low zeta potential ({<|5mV]), cor-
responding to weak dispersion (thin double electric layer), as
well as higher viscosity. At pH=8.8, ¢ value is minimum
(]¢=3.52mV|) whereas 7 is maximum (14 mPa s). On the other
hand, shifting pH value to alkaline condition as pH=10.5,
¢ value is maximum (|¢=40mV]|), whereas 7 is minimum
(7mPas). Therefore, these results confirm those parameters
from zeta potential curves, where pH=10.5 supplied highly
stable suspensions.

Fig. 8 shows the effectiveness of PAA on stability of Y203
suspensions prepared with 25vol% of solids, pH=10.5 and
based on a shear rate of 500s~!. Considering all PAA concen-
trations (0—2 wt%) suspensions prepared with no PAA (0 wt%)
presented highest viscosity (70mPas). In contrast by using
PAA a significant decrease of viscosity was promoted. For
PAA =0.5wt% n decreased from 70 mPas to 25 mPa s whereas
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Fig.7. Correlation between zeta potential (¢) and apparent viscosity (17, 500 s~ 1)
for Y,O3 suspensions.

PAA =1.0 wt% n=10mPas. Nevertheless the efficiency in dis-
persing particles was not found at PAA=2wt%. Indeed, a
tendency to increase ionic strength of medium and consequently
reduction of interparticle dispersion forces was observed. Thus,
PAA =1wt% was defined as the suitable concentration for dis-
persant dosage.

Afterwards evaluating and defining stability parameters (pH
and dispersant dosage), the flow behavior of Y,03 suspensions
was appraised by control rate curves (CR) as shown in Fig. 9.
As a consequence of solids load suspensions those with 25 vol%
showed linear flow (both up and down curves) fitting to New-
tonian model.'8 However, increasing to 30 vol% flow behavior
changed from linear to dilatant flow, where the viscosity (1)
increases according to shear stress (t) applied. Dilatant behav-
ior is due to overlapping of electric double layers of particles (in
a high solids load condition) when subjected to external forces.
As a result strong a repulsion forces between particles occurs
and the viscosity increases. In this condition the flow behav-
ior of suspension fitted to Oswald de Walle model.'® Moreover,
suspensions with 33 vol% behave like dilatant flow, showing a
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Fig. 8. Effectiveness of PAA on stability of Y,O3 suspensions with 25 vol%.
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Fig.9. CR flow curves of Y203 suspensions with solids load from 25 to 33 vol%,
PAA =1wt% and pH 10.5.

maximum shear stress of 98 Pa at 1000 s~ . For replica method
dilatant suspensions are not desired seeing that they show higher
viscosity when subjected to shearing during the immersion of
template into suspension. Likewise, considering templates based
on complex morphology dilatant suspensions are not suitable to
be applied in replica processing.

Yttria suspensions with up to 25 vol% of particles presented
low viscosity (n < 10 mPa s), which usually supplies linear flow
behavior as indicated in Fig. 10. However, increasing to 30 vol%
n shifted from 9mPas to 37mPas, which was a significant
difference. High solid suspensions tend to have high viscous
flow, considering the space between particles is shorter and as
consequence, the effect of interparticle forces is more intense.
Moreover, for suspensions with 33 vol% of particles viscosity
was maximum (7 =66 mPas). It was due to the overlapping of
electro-steric layers of particles supplied by HTMA and PAA,
which results in strong repulsion between particles. This condi-
tion supplied dilatant behavior.

Fig. 11 shows flow curves of Y,O3z suspensions with
30vol% of solids and CMC concentration from 0 to 1 wt%

70+ Y203
60-  1wt% PAA
pH=10.5
50 -
40 -
304

20

10 + <

Apparent viscosity at 500s™ (mPa.s)

S
10 15 20 25 30 35

Solids load (vol.%)

Fig. 10. Variation of apparent viscosity of Y,O3 suspensions as a function of
solids load from 15 to 33 vol%.
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Fig. 11. CR flow curves of Y03 suspensions with 30 vol% as a function of
CMC concentration from 0 to 1 wt%.

(weight percent, wt%). The suspension prepared with no CMC
presented linear flow, fitting to Newtonian model. On the other
hand, using CMC changed flow behavior from linear to shear
thinning. Besides, an area between up and down curves was
formed apart from 0.3 wt% of CMC. This behavior, known as
thixotropy is related to the condition of suspended particles.
Based on up curves (from 0 to 1000 s~ ') agglomerated particles
structures (APS) formed by CMC long chains were broken
down in smaller sizes, afterwards particles were dispersed and
realigned. As a result, at 1000 s~! and for a determined time
the viscosity decreases to a minimum value. As soon as the
shear stress starts decreasing (beginning of down curve, from
1000 to 0s~ 1) APS tends to recover its initial state and an area
between up and down curves was formed. In addition, the most
APS was formed with 1 wt% of CMC (164 Pas™1).

Fig. 12 shows the thermo gravimetric analyze (TGA) result
of CNT template. Up to 250 °C a slight loss of weight occurred
around 4 wt%. However, a large loss of weight around 76 wt%
was observed in the range from 251 °C to 350 °C. Apart from
315°C the loss of weight still went on, where at 600 °C CNT
template was totally eliminated (100 wt%). Based on these

—CNT
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80
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 § v T b4 T b4 T b T 4 T v T hd 1
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Fig. 12. ATG of CNT template at 10 °C/min, 800 °C in air.
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Fig. 13. Sintered ceramic nettings impregnated with yttria suspensions prepared with CMC concentrations from 0.3 to 1wt%. In (A) replica template; (B)

CMC=0.3wt%, (C) CMC=0.5wt% and (D) CMC = 1.0 wt%.

results, the following thermal treatment condition for impreg-
nated templates (temperature/time) was set as 1600 °C/1 h with
heating rate at 1 °C/min.

Fig. 13 shows sintered Y,O3 replicas based on suspensions
prepared with 30 vol%, pH=10.5 and CMC from 0.3 wt% to
1 wt%. Samples impregnated into suspensions with 0.5 wt% and
1 wt% of CMC and sintered showed high density 4.79 gcm ™3
and 4.83 gcm ™3 respectively, and thick struts, heterogeneous
cells and rough surface. Besides suspensions prepared with
0.3 wt% of CMC resulted in replicas near template shape, homo-
geneous distribution of cells (size and morphology) and density
of 4.25 gecm™3, which corresponds to 85% of theoretical den-
sity. The overall performance of porous burners will depend
on the combination of material and porous structure. Com-
pared with most commonly used ceramics such as alumina
(Al,03),%° silicon carbide (SiC)?” and zirconia (ZrO;), yttria
presents unique luminescence proprieties due to its chemical
and physical similarity with rare earth elements. Besides, yttria

Table 2

shows other useful proprieties for porous burners applications
as thermal conductivity, emissivity, temperature and corrosion
resistance, thermal expansion and mechanical strength at high
temperatures. Fig. 14 shows the microstructure of sintered sam-
ples, which consists in heterogeneous distribution porous and
grains with size smaller than 3 wm. Porosity is also an important
parameter, since it determines convective heat transport, flame
stability and combustion effectiveness of the porous burner. Sin-
tered replicas showed mechanical strength, which is suitable
for handling. Some studies have been shown the low mechan-
ical strength of components produced by replica method.”%-*
However, this problem can be mitigated by controlling suspen-
sion structure via stability of particles and thermal treatment of
impregnated samples. Table 2 summarizes rheological param-
eters from Y03 suspension based on CR flow curves. The
following results confirm that equilibrium between thixotropy
and viscosity is essential in order to impregnate porous
templates.

The best processing parameters by rheology of Y,0O3 suspensions for replica method.

Solids load (vol%) pH Binder (wt%)

n (mPas) 7 (Pa) Thixotropy (Pa s7h

30.0 10.5 0.3

424.0 42.49 7.435

1, apparent viscosity at 100s~!.
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Fig. 14. Microstructure of yttria nettings produced by immersion into suspension with 0.3 wt% of CMC and sintered at 1600 °C/1 h.

4. Conclusion

By colloidal processing of yttria ceramic nettings with homo-
geneous cells and struts were produced by replica method. Yttria
nanoparticles (dso=138.50nm) presented luminescence light
emission with A =550nm when being thermal stimulated at
150 °C with heating rate of 5 °C/s. Besides yttria nanoparticles
were highly stable at pH 10.5 and adding 1 wt% of ammonium
poly-acrylic acid (] =56 mV|). By rheological analyzes yttria
suspensions with 30 vol% of solids, pH 10.5, 1 wt% of dispersant
and 0.3wt% of carboximetilcelulose presented flow behav-
ior, thixotropy and viscosity suitable for replica method. As
result, ceramic nettings sintered at 1600 °C/1 h in environmental
atmosphere showed mechanical strength and porous microstruc-
ture, which is essential to supply convective heat transport,
flame stability and combustion effectiveness of the porous
burner.
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