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INTRODUCTION.

Major industrial processes require combustion in different forms. The bumer is the device that
isusedto combus fuels with an oxidizer and to control the heat transfer into a fumace in
which these processes take place. An essential part of abumer is the refractory burner tile
either made of ceramic fiber or refractory pre-fabricated shapes.

A burner tile is acomplex functional refractory product and inaccurate operation can cause
downtime costs which exceeds the costs for the bumer equipment by far.

Environmental aspects and more stringent regulations have chan ged the philosophy of burner
design in the last 20 years. Burner design isnow acompromise bet ween efficient mixing of
fuel and oxidizer andthe necessity to reduce the total fuel consumption and pollutant
emissions, which requires moderate low flame temperatures in order to reduce NOx. These
designs have led to the development of tailor made solutions for certain applicationsandto
highly sophisticated burner designs with tiles of complex shapes (Fgure 1).

This paper discusses the technical requirements of refractory materials for bumer tile
applications and evaluation methodsin order to generate thermo- mechanical data as an

engineering tool for the design of burner tiles. Furthermore the influence of two different
binder sy sems will be describedin this context.

BURNER TILE DESIGN

The design of a burner tile plays an important role in the performance of a bumer. The tile
formsthe desired flame pattern
avoids flame radiation towards the burner casing

forms the orifice that controls the flow of air for the combustion reaction
stabilizes the flame due to the thermal insulating properties of the refractory material



Regardin gthe bumer design, the combustion engineer hasto consider the characteristic of the
ceramic burner tile material in order to obtain stable com bustion process conditions.

The main design problems are:

The tile isrestrained again st complete, free, thermal expansion by the external

struct ural steel casingor anchoring. The designer has to consider the phy sical
characteristics of the refractory material by definition of the thermal restraint stresses.
Sharp inside 90°edges lead to material stress peaks in service.

The wall thickness of the bumer tile is not uniform under isotherm conditionsand
stresses may concentrate in the thinner areas. Hence critical internal strain controlled
loads can occur.

The design of the tile must be in accordan ce with the occurrin gtemperature ran ge and
the plastic/ elastic response of the refractory material within this ran ge.

Part of thetileis cooled by the fuel and oxidizer, another part is heated by the flame
and the furnace. As aconsequence the tile has to cope with large tem perature
differences. In many burners thismay be over 1000C.

In case the buneris soppedandthe fumaceishot, then the tile will heat-up quickly
and damage caused by thermo-shock is often observed.

Figure 1. Hat Flam e Bumer (courtesy of John Zink Company)

Figure 1 shows alow emission flat flame buner of complicated tile shape with sharp edges
and additional fuel jets in orcer to reduce NO,. The purpose of the geometry is to control a
precise oxidizin gprocess of the fuel ' The wall thickness isnot uniform and the jets probably
keep parts of the tile cold This is an example for a burner with a critical tile design.



SPECIFIC EVALUATIO NAND TESTING CRITERIA OF REFRAC TORY
MATERIALS FORBURNER TILES.

Burner Tile Temperature

Essential for the material choice and design of the burner tile is the knowledge of the
temperature profile in operation. Reliable data can be obtained by experiments. Experiments
however are time consumin gand dependent on the availahility of appropriate equipment.

In addition thermal boundary conditions used for the finite element model are estimated and
basedon the flame temperature. Ho wever, adiabatic flame temperatures are not useful data to
estimate the resultin gtile temperature. For ex ample in the hy drocarbon and petrochemical
industry most bumers are working with excess air. Additional coolin g of the tiles occursin
low NO, burners because introduction of inert flue gases into the combustion zone of the
burner reduces the peak flame tem perature and N O form ation.

Therefore the bumer type, the composition of frel andair inlets and a possible flue gas
recirculation must be considered when estimating thermal boundary conditions of the tile.
A good indication about the flame temperature and pattern can be obtained from burner
modellin g by computational fluid dynamics (CHD)

Material testing should also reflect the different dynamic tem perature stages to determine
suitable materials. A burner tile is exposed to one or more temperature cycles duringthe
lifetime. A temperature cycle can be dividedin different stages which are important for the
material requirements. These are:

a.) Heat wp

b.) Steady heat flow at operatingtemperature

c.) Thermal cycling caused by burner control and op eration
d.) Cool-down.

Hence the temperature dependent stress— strain behavior of the refractory material must be
defined.

Thermochemical Considerations

External chemical attack on burner tiles occurs predominantly on heavy oil fired burners. T he
reason for the attack is the reaction of imp urities from oil like vanadium and sodium with the
refractory to lowmelting silicates. Therefore beside the alkalis, the silica content determines
the chemical sability of the material

The ISO standard 13705 specifies the required chemical composition of burner tiles for
certain applications:



Table 1 ISO 13705

Burner Tile Required Chemical Composition
Normal burner tile: >40% alumina

High intensity combustor: >85% alumina
Oil firingtile, <SOmg/k g V, Na: | >60% alunina
Oll firin gtile, >50mg/kg V, Na: | >90% alumina

Table 2 shows as an example the chemical analysisof a sample taken from a burner tile of an
oil-fired ship boiler burner. The tile failed after 6 months in operation because of surface
spalling after cool down. The table shows the quantity of impurities picked-up during
operation.

Table 2
V205 +2,7%
NiO +2,0%
Na20 +1,3%

The mineral com position also plays an important role in the internal thermo-chemical and
mineralo gical reactions. A high mullite content is favorable for good thermal shock properties
dwe to the lowreversible expansion. The alkali andalkali earth metal oxide content has an
influence on the modulus of elagticity, the resultin gthermal shock properties and phase
transitions that lead to stresses due to expansion or shrink age.

Furthermore along term attack occurs from particles of combustion air. Silica and alkali

containin g particles melt in the flame, and due to recirculation of combustion products, attack
the tile. Due to this, burner tiles can show severe suface crackingafter yearsin service.

Thermomechanical C onsiderations

Duwinghigh temperature service, burner tiles are required to conduct heat and they may be
subjectedto rapid temperature variations. This takes place durin g adjustments of the burner,
fuel chan ges andshut down conditions when cooling down andheating up the burner again.
The non-linear temperature gradient duringrapid heat up and cool down developsthermal
stresses or thermal expansion forces that may fracture the refractory. The refractory struct ure
shouldresist tensile and compressive strains through a wide temperature ran g from arigid
solid state at lowtemperatures to a more viscouws state at high temperatures. Grackin gfrom
these stresses can have an impact on the flame pattern and in a worst case scenario cause the
flame to be in contact with the tile causin g problems like hot spotsandtotal destruction of the
tile and burner casing 2

One approach to determine the resistance of a refractory material against cracking in service
is the evaluation of different stress parameters. The expressions obtained from the cal culation
of the stress parameter R1 — R3 can be tran sformed in terms of the maximum temperature
difference, heat flux or temperature gradient to which the refractory can be subjected without
exceedin gthe thermal stress failure.



The “Hasselmann thermal stress resistance parameters R1-R3” are a tool to predict thermal
stresses in materials of brittle - elastic behaviour for the purpose of basic materials ranking. :

Rl =c(1-w/(aE)

A rapid thermal shock leadsto thermal gradient on the surface of amaterial. Rl is the

maximum allowable temperature difference in body under conditions of steady heat flow. (AT
in °K):

R2 =Rl A

Consicering a constant heat transfer on the surface - R2 is the maximum allo wable heat flux
through body under conditions of steady heat flow (W /m):

R3 =Rla
R3is the maximum allowable rate of surface heating.

o =tensile stren gths

p =Poisson ratio (transversal contraction index)

o =linear thermal expansion

E = Young’s modulus (static: determined as V-modulus)
A =thermal conductivity

a=M\/(c, p) =thermal diffusivity

Basedon the stress parameter, an ideal thermal shock resistant material should possess the
follo win g therm o-mechanical properties:

¢ lowthermal expansion

¢ high thermal conductivity

® high strengths under consideration of the stress/strain relationship.
(Ahigh o/E ratio leads to good thermal shock properties)

Furthermore the tile design is important:
e the wall thickness should be uniform and reasonably thin
e theoverall dimensions of the tile or pieces of the tile should be small
e the geometry of the tile should avoidsharp an gular shapes

MATERIAL CHO ICEFOR BURNER TILE APPLICATIO N.

Castable materials have been traditionally usedfor burner tiles because of the advantage in
minimizing costs when manufacturing complex shapes of limited quantities.

Placement of castables, when comparedto pressed- or rammed products, is easier andthe
bodies show a more isotropic structure which isadvantageous in relation to thermal shock

propetties.



One difference bet ween fired products and castable refractories is the higher shrinkage of
castables at elevated temperatures which affectsthe geometry of the body at service
temperature. Thus the interaction bet ween permanent linear chan ge and thermal expansion
needsto be considered asan important factor for the design of bumer tiles.

Cement Bonded Materials

In the past 30 years cement bonded materials have evolvedfrom high cement conventional
formulations to low and ultralow cement materials with an improvement in placement
properties andhigh tem perature stability.

This evoluwtion has been assisted by the development of additives and fillers in order to
achieve water reduction to decrease porosity and increase mechanical strengths.4

Binder c haracteristic and thermomechanical properties of cement bonded castables: The
binder characteristic of calcium aluminate bonded castable materials has been clearly
explained by numerous authors. Y078 A dm plification of the complex setting procedure can be
explainedas follows:

High alumina cement (CA, CA,, C;pA; etc.) +additives + water
— calcium aluminate hydrates (CAH;y, GAHy, GAHg, etc.)
+additives + water + heat + residual water.’

Duwe to the high quantity of water and the low permeability of cement bonded materials, a
rapid temperature in crease may resut in explosive spallin gor steam explosion. Factors that
can contribute to explosive spallin ginclude curin gconditions, heatin gand dry-out method,
and phy sical properties of the material. " Due to these factors pre-cast bumer tiles require
accurate dry out or pre-firin g before the in stallation.

Usually thermo-mechanical data of cement bonded materials include s refractoriness un der
load or hot modulus of rupture data. However, compressive stress/strain data of castable
materials which are necessary to predict strain controlled loads are not often published.

C.A. Schacht reported that the chemistry of the refractory material hasa significant influence
on the stiffness of the castable. The lower the cement content and the higher the alumina
content the higher the stiffness.'' Due to the high stren gth of the low-cement castables the
maximum strain is similar to conventional castables

Phosphate Bonded Materids

Experien ce has shown that phosphate bonded burner tiles of complicated shapes can hold up,
in some critical process conditions, much better than conventional bumer tiles made of
cement bon ded materials. Since not all phosphate bonded castable materials possess
comparable properties it is important to refer tothe distin guishin g characteristics.

Binder Characteristic and thermo-mechanical p roperties:Phosphate bondedrefractory
castable productsare available with various binder sy stems which can be differentiated as
follo ws:



heat setting

cold setting + setting additive

one component dry material with water addition

two component mix with phosphoric acid solution or monoaluminium phosphate
solution + dry component

The chemical compositions of cold setting phosphate bonded castables are basedon the
system:

Al, O;-Si0,-P, 05-M, O
(M0 is alkali- or alkali earth oxice).

Heat setting phosphate bonded castablesare based on the sy stem:
Al, Os- SiO,-P, O

The P,Os content range s from approximately 3% — 6% andthe MO content from
approximately 0.5% - 6%.

A great number of workshave been reported about the reaction bet ween alumina and
phosphoric acid.>'*"* Alumina reacts with phosphoric acid above 127°C (260°F) to
aluminium phosphate and sho ws considerable strengths above 350°C (660°F). The most often
applied pho sphate binder in the refractory industry is mono-aluminiumphosphate (MAP) in
liquidor spray-driedform.

If setting properties at ambient tem perature are desiredan additional setting agent is needed.
This can be an alkali- or alkali earth metal oxide component (M, O) like sodiun, magnesia,
calcium or compoun cs thereof.

The disadvantage of aspray dried M AP additive in a sin gle component material is the poor
shelf life due to the strong hygroscopic behaviour. Alternatively, phosphoric acidcan be used
asa liquid in atwo component product. Dependin gon the reactivity both M AP and
phosphoric acid needto be diluted to slow down the exothermic reactions.

Phosphoric acid is a tri- basic acid and reacts with different metal oxides to form salts. Some
of these salts function asa refractory binder. In an aqueous solution the phosphoric acid reacts
in three stagesaccordin gthe molar ratio M,O /P,0s of 1:1, 2:1 or 3:1.

Table 3 shows as an example the reactions bet ween magnesia and phosphoric acid and the
resultin g three different stages. Magnesia and magnesium hydroxide are widely usedas
setting additives for phosphate containing formulations. The reaction type 1 and type 2 are
exothermic. However, reaction 11is much stronger than 2 whereasreaction 3 doesn’t show
cold setting properties.



Table 3
1.| Formation of mono- phosphate:| M2O +2 H:PO, = Mg (H,PO,), + H,O
2. Formation of di- phosphate: [ MgH,P O4), + MgO =2 MgHPO, + H,0
3. Formation of tri- phosphate:| 2MgHPO4 + MgO =Mgy(PO4), + H, O

The phosphates being formed at ambient show dehydration of chemically bonded water at
elevated temperatures. This condensation process is describedin Table 4.

Table 4
la. | MgH2P0O4)2 =M gPO;), M g metaphsophate + H20 |150°C (302°F)
2a.| 2MgHPO,=MgP,0; Mg- phyrophosphate + H2O |213°C (415°F)
3a. Mg, (PO4)2 = Mgy(P O,), M g- orthophosph ate 700°C (1292°F)

Phosphate bonded products with a binder system of a two component mono- anda single
component di- phosphate are commercially available. The adv antage of atwo component
mono- phosphate bond is the faster setting and faster heat up time.

Flame im pin ggment experiments with both kinds of materials have shown that mono-
phosphates are less susceptible to explosive spalling than di- phosph ate bon ded materials.
Possible explanations for thisare:

¢ The mono-phosphate formation is highly exothermic, which cause dehy dration during
setting

e The quantity of chemically combined water in the mono- phosphate is higher than in
di- phosphates. This can have an influence on the steam pressure in the capillary
system of the material durin g bake out.

e The water in mono-phosphate evaporates at 150 C with max 5 bar steam pressure. For
di- phosphate the water isreleased at 213 C andthe steam pressure of 20 bars may
exceedthe strength of the material.

e Two component products use a molar excess of H3PO4 comparedto M,O. The vapor
pressure of phosphoric acid and monoaluminium-phosphate solutions are lo wer than
water. Thus, they are less explosive than other (water containing) castable refractories
duringheat up. N

It should be notedthat the whole dehy dration process of phosphate bonded castable
refractories hasn’t been properly evaluated yet.

The thermo-mechanical properties of pho sphate bonded materials are different than those with
a cement bond After setting, additional curing time is not needed. Poly- andmeta -phosphate
compoun d formed during conden sation possess a ring andchain structure with a stability up
t0 800°C (1500 °F).'® This flexible structure leads to a low modulus of elasticity and

contributes to the thermal shock and abrasion resistance.

Above 900°C (1650°P first melting of the M,O- pho sphate compoun ds of the binder sy ssem
occurs. Depending on the raw materials, heat setting phosphate bonded material s behave

similar because of a reaction of phosphates with M, O impurities. Thus, pho sphate bon ded



cagables with alkali additions can show lower hot modulus of rupture andrefractoriness
under loadnumbers compared to cement formulations. Dependin gon the quantity and kind of
alkali additive, this melt phase isof a temporary nature and further reacts with alumina to
melts of higher viscosity. In many burner tile applications a certain quantity of melt phase at
service temperature reduces the stiffness of the material and improves the thermal shock
properties, which is desired.

Bet ween 900 °C (1650°F) and 1600 °C (2900°F) am orpho us phosphates and pho sphate melts
are bein g formed. Dependin gon the kind of M,O- pho sphate and quantity thereof, occurring
melts can attack the aggre gates of the raw materials at process temperatures above 1350°C
(2460°F). Resulting volume changes are due to the formation of additional melt (shrinkage) or
formation of new compounds like Mg- spinel and mullite (expansion). Above 1600°C
(2900%F) aluminium-phosphate starts to decompose to aluminium-oxide and P,05 which is

volatile at this stage.

Material tesing of phosphate bonded m aterials
As aforementioned cold setting pho sphate bonded materials with My O- phosphates as a bin der

component showpartial meltin gat tem peratures bet ween 900°C (1650°F) and 1400 °C
(2550°F) Table 5 shows some alkali- and alkali earth metal oxides used asa setting agent.

Table 5 Melting points of alkai phosphates'’

Chemical formula | Name Melting Point °C (°F)

Na, P,O, Na pyrophosphate 985 (1805)

K4 P50, K pyrophosph ate 1109 (2030)
Ca(POs), Ca metaphosphate 975 (1790)

Ca, P,O, Ca pyrophosphate 1350 (2460)
Mg(PO;), M gmetaphosphate 1165 (2130)
Mg, P,O, Mgpyrophosphate 1383  (2520)
Al (POy), Al metaphosphate 1060  (1940)

There is some evidence that occuring pho sphate melts are temporary in nat ure and chan ge at
increased temperatures to different compounds. Some test methods, however, do not reflect
this materials characteristic. Critical tests are:

e Thermal expansion under load >1100°C (2000°F).
e Hot modulus of rupture > 1100 °C (2000°F)
e Refractoriness under load

The results obtained from these testscan be significantly influenced by the occurrin g melt
phase at test temperature. For instance samplespre fired at 1100°C (2000 °F) with a holding
time of 24 hours showed 10% HotMOR increase and with a holding time of 168 hours an

increase of 65% at 1100°C (2000°F). Typically, published data references test results after
only afive hour holding time.



Another example is thermal expansion under load. Due to the load plastic flow and the

coefficient of thermal expansion are mixed andresulting high permanent linear change isthen
overstated

The next example shows the conversion from calcium phosphate to Anorthit.

This reaction is evident from XRD analysis. Calcium-monophosphate as part of the binder
component is being formed at ambient tem peratures by the reaction of phosphoric acid and
calcium oxide. During heat up this monophosphate conv erts into calcium - metaphosphate as
shown in Table 4. Calcium metaphosphate has a melting point of 975°C (1800°F).

After firing at 1600°C (2900°F) with 10houwrs holding time the XRD diagram (Figure 2)
shows that all phosphate has been convertedto AIPO4. Calcium oxide on the other handhas
been reacted with mullite and converted into Anorthite with a melting point of 1550°C
(2800F)
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Figure 2 XRD analysis Formula 6B — 1600 C/10h (2900°F

Test procedures of phosphate bonded materials shouldreport this operational characteristic
since burner tilesare exposedto elevated temperatures with holding times up many years.

Otherwise a material assessment based on standardtest procedures wouldlead to the wron g
conclusion.

NUMERIC AL STUDIES

Com parative FEM analysis of t wo burner tiles made of commercially available cement
bonded- and phosphate bonded castables have been conductedin order to determine the



thermo-mechanical behaviour of the different materials durin gthe critical heat up. The tile
used for the modelling is a burner tile of an annealing furn ace.

A heat up was consideredon this axi- symmetric burner tile asindicated in Figure 3.The
thermal boun dary conditionsare indicated in Figure 4. A heat up time of 48 hours was
considered

Figure 3 The axi-symmetric burner ge ometry

Te 8000 C with o=14'Wm 1
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Figure 4 Thermal boundary conditions used in the finite element m odel



Properties of test materials

The material properties usedin the simulation are those for cement bonded castable “HS” and

phosphate bondedcastable “SB” and are summarized in T able 6.

The cement bonded material is an andalusite based LCC which had been supplied by the

manufact urer in a dried “ready to install” state.

The phosphate bon ded material is a mullite based two component mono-phosphate castable as

shown by reaction 1, Table 3, with 61% alumina and 4.5% P205 content.

The yieldstress under tensile loading conditions istaken to be temperature dependent and is
summarized in Table 7 and 8. The yield stress under compressive loading is assumedto be a

factor of 10 higher.

Table 6 Material properties of test material

Andalusite HS

Phosphate Bonded SB

Density | 2450 kg/m’ 2360 kgm”
Thermal expansion 6.6e-6 K 5.5¢6 K’
Thermal conductivity 1.4 W/mK 1.7 W/mK
Specificheat | 1000 JkgK 1015 J/kgK
Poisson 'sratio 0.3 0.3

Table 7 The tem perature dependent yield stress
under tensile loading conditions for
LCC Andalusite HS

Yield Strain V-

Temperature (°C) stress (10-3) modulus
(MPa) (N'mm?2)

20 (70°F) 14 0.5 28000

400 (750°F) | 15 07 | 21428

800 (1500°F) 16 0.8 20000

1000 (1800°F) 18 2.5 7200

1200 (2200°F) 11 13.8 797

Table 8 The tem perature dependent yield stress
under tensile loading conditions

for Phosphate bonded SB

Yield Strain V-
Temperature (°C) || stress (10-3) modulus
(MPa) (N'mm?2)
200 (70°F) 5.7 0.6 9618
600 (1100°F) 11.1 1.2 9502
800 (1500°F) 7.9 0.8 10368
1100 (2000°F) 5.1 1.4 3596




RESULTS
FEM Analysis for the Andalusite HS bumer tile

From the simuationsit turned out that most ofthe damage occurred within the first hour of
heat up. Figure 5 gives the calculated temperature contours after one ho ur of heat-up.
Calculated disp lacements have been scaled by a factor of 50 so that one can clearly see the
trunpet like shape of the bumer block. Highest stresses occur in circumferential direction.
Figure 6 givesthe calculated stresses in the circum ferential direction. Calculated stresses are
close to the yield stress limit for much of the outer burner block region. The calculated plastic
deformation depicted in Figure 7 indicates where cracks are most likely to be initiated. Notice
that crack deformation in reality may be more severe because of the brittle nature of ceramics
in which the calculated regions with plastic deformation fail to carry any normal stresses.
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Figure 5 Temperature contours after one hour of heat up (°K). A displacement-scaling
factor of 50 was used.
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Figure 6 Calculated stresses in circumferential direction (Pa)
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Figure 7 Calculated plastic strain in circum ferential direction
(non reversible strain, Epsilon)




FEM analysis for the Phosphate bonded SB

From this simulation it tuned out that no damage occured within the first hour of heat up.
Figure 8 shows the calculated temperature profile after one hour of heat-up. Fgure 5 gives
the calculated stresses in the circum ferential direction. Compared to Hgure 6 the stressesare
lower than the yield stress stated in Table 7.
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Figure 8 Tem perature contours after one hour of heat up.
A displacement-scaing factor of 50 was used.
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Figure 9 Calculated stressesin circum ferential direction.

Cdculation of Hasselmann parameter

The calculations of the “Hasselmann thermal stressresistance parameters R1-R3” are shown
in Tables 9 and 10.

In the critical temperature range up to 850°C (1560°F) R1, R2 and R3 of Phosphate bonded
SB shows better numbers comparedto Andalusite HS. Basically this is a confirmation of the
results from FEM analy sis and means the phosph ate bon ded material allows a higher
temperature change ; heat flux and temperature increase at the surface without exceedingthe
failure stress compared to the cement bon ded material.

However, a material rankin g based on these resultsis difficult because above 1100°C
(2000F) both materials form melted phasesand show plastic behavior. Hasselmann assunes
only elastic properties.

Hence the quality of amaterial choice basedon thermal stressresistance parameter
calculations would increase with the data base and comparative FEM analy sis.

Table 9 Stress parameter of Phosphate bonded SB
Temperature (°C) [ Rl (°C) [ R2 (W/m) R3 (m”°K/s)

200 (390°F) 75 128 534¢
600 (1100°F) | 149 253 9,16¢
800 (1500°F) 97 175 589¢

1100 (2000°F) 178 378 12,10 €’




Table 10 Stress parameter of Andalusite HS

Temperature (°C) [ R1 (°C) | R2 (W/m) [ R3 (m“°K/s)
20  (70°F) 54 75 31¢€
400 (750°F) 74 103 42¢
800 (1500°F) 84 117 47 ¢
1000 (1800°F) | 268 375 153 ¢’
1200 (2200°F) | 1453 2034 829 ¢’

CONCLUSION

Com parative FEM analysis of a burner tile made of low cement bonded andalusite and a
phosphate bonded castable have been conducted

Under given thermal boundary conditions it is likely that the cement bonded material would
show cracking because the calculated stresses (Figure 6) are close to the yield stress limit
(Table 7). It can be concluded that im proved properties can be achieved by winga cement
bonded castable of higher cement content in order to lower the stiffness in this temperature
range.

The results of the phosphate bonded material “ SB” show alower V-modulus, higher thermal
conductivity and a lower coefficient of thermal expansion compared to the low cement
bonded andalusite material. The determining low V- modulus is characteristic for phosphate
bonded material and can be explained with the formation of poly- andmeta -phosphate
compound during the condensation process which leads to flexible ring- and chain structure
with astability up to 800°C (1500 °F).

Dte to this and the properties explained herein, mono-phosphate bon ded materials do not
require dry-out and therefore it is possible to manufacture burner tiles “just in time” with an
ingtallation right after setting

Although this FEM analysisis only focusedon the heat up process of the tile it shows the
material behaviow at a very critical state of the temperature cycle. This is confirmed by
calculations of the thermal stressresistance parameters R1-R3 which show different results of
the two test materials in this temperature range.

Both FEM analy sis and the calculation of stress parameter are practicable tools for material s
ranking. A ranking basedon stress parameter calculations however depends on a
comprehensive data base. Traditional material testing procedures have shown to be inaccurate
predictors of the performance of phosphate bonded materials in this application. One hasto
consider that tests under load conditions show results which are probably influenced by
temporary melt phases with lower viscosity and plastic flow. Therefore it is recommended to
compare results achieved by using varied and extended holdin gtimes.
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