December 2009

Trade Science Ine.

Volume 5 Issue 4

A Tndéian Yournal

— Pyl Paper

M SAIJ, 5(4), 2009 [405-409]

Prediction of the thermal shock resistance of basic refractory
materials using fracture resistance parameters

M .R.lzadpanah*

I nternational Center of Science, High Technology & Environmental SciencesM ahan, Kerman, (IRAN)

E-mail : mizadpanah@yahoo.com

Received: 12" October, 2009 ; Accepted: 22" October, 2009

ABSTRACT

Refractory materialsareused in different industries. Knowledge of different
properties of these materials is vital to the consumers and therefore the
manufacturers hav to provide these properties. Among these thermal shock
resistanceisan essential property and ismeasured in terms of the number of
cyclesthat arefractory material can withstand when subjected to standard
conditions. This property is measured experimentally by varying the tem-
perature in a known environment then the number of cycles the material
withstands this treatment without spalling is a measure of itsthermal shock
resistance. Although this method of experimentation exists, but it is both
expensive and time consuming. Various studies have been presented to
predict this vital property, however, the range of applications are limited.
The present study employs atest rig by which temperature distributionsin
magnesite samples are accurately measured. This information plus other
results obtained from relevant tests on related properties are used to de-
velop a model which predicts the number of quench cycles withstand by
different sampleswhen subjected to sudden temperature changes. The com-
parison of the theoretical values using the solution of the presented model
with experimental data for different materials having different properties
shows a close agreement. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Refractory materialshavevarious gpplicationsin
thoseindustriesthat use high temperaturesintheir pro-
duction processes. Stedl industry, in particular, isone
of themgor consumersof thesematerids.

High temperature application of these materialsis
accompanied by rapid temperature changes and asso-
ciated thermal stresseswhich leadto thefailureof these

materiasin service. Thethermal shock resistance of
refractoriesisdetermined using standard quench tests
inwhichthemateria isheated and cool ed subsequently
and the number of quench cyclesthat amateria can
withstand prior to failureistaken asitsresistanceto
thermal shock. However the experimental method of
evaluation of thisproperty isbothtime consuming and
expensive. Hence the presentation of amodel which
could predict this property using other propertiesthat
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areeas e andlessexpensiveto performisvery benefi-
cid to both the producers and the consumersof refrac-
tories.

Several research works have been carried out to
study thermal shock behavior of ceramicd*4. A limited
number of attempts have been madeto model thermal
shock resistance of refractories®. Therefore, in appli-
cationswherethereisaneed for assessing thermd shock
performance of refractory materials references are
scarce.

The present work studies systematically thetem-
peraturedistribution and the resulted stressesin samples
madeof magnesiteand upon andyzing theresultsacom-
prehensvemodd ispresented which could predict the
thermd stability of refractory materias.

EXPERIMENTAL

Experimentsarecarried out usingthetest rig shown
inFigure 1. Thetest rig consists of asampleholding
TABLE whichisdesigned so that the hegt transfer due
to conductionreducesto minimum.

Stainlesssted sheathed K typeinsulated junction
thermocouples0.5mmindiameter, 150mminlengthare
used to measure the surface and the centre
temperatures. These thermocouples can measure
temperaturesranging from0to 1100°C.

A dataacquisition system, which consists of two
boards, namely the CIO-DAS08 and the CIO-EXP32
cardsthat are connected to adesktop computer, isused
to collect the data. The CIO-DAS08 card turns the
PC into amedium speed dataacquisition and control
dtation suitablefor datacollection. A menu driven com-
puter codesisused to processthe acquired raw data.
The processed data are then saved in afile for each
test.

Thermocouples —\

Sample

AAAA

Table Data acquisition
[

Figurel: Schematic diagram of thetest rig

Experimental samples

Refractory materialsused inthisinvestigation are
magnesite with different chemical compositions. The
samples are dimensioned as 6x6x6 cm and supplied
by Pars Refractories Company; aleading refractory
manufacturer inIran. Thecomposition of thesesamples
isgiveninTABLE 1.

TABLE 1: Chemical, thermal and mechanical propertiesof
samples

Samples
Properties
70DL 70DR 70S 80S 80D

i Min. MgO(%) 60 70 67.5 75 76

:% Min. Cr04%)  16-18 10 10 8 8

é Al,Ox(%)  13-15

g Fe;0(%) 68

E CaO(%) 051

© Max Si0x(%) 2 25 35 3 2
Density(g/cm’) 3.00 2.95 296 295 300
Thermal conductivity(W/mK) 253 245 247 243 232
Thermal Expansion(%) 1.00 110 0.90 1.25 1.25
Compressive strength(Mpa) 66 57 60 45 40
Y oung Modul us(Gpa) 16 18 17 20 23
ge;”;?oes(h;ﬁes) 60 0 3 2 20
Biot number(-) 324 331 3.28 333 3.49

Fourier number(-) 23E-5 21E5 23E-5 22E5 20E-5

Experimental procedure

Samples are heated up in an eectric furnace to
950°C. Thesamplesarethen quenchedintill arr while
placed onthe TABLE. Theabove procedureisrepeated
until failureoccurs. Thenumber of cyclesthat arewith-
stood by the samplesistaken asameasure of thermal
shock resistance of the samples. Theresultsarepre-
sented in TABLE 1. While samplesare being cooled,
thermocoupl es measure the temperatures at the sur-
faceand centre of the samples. Other relevant proper-
tiesareevauated according to standard tests methods.
These tests are carried out at Pars Refractories
Company’s laboratories. The results for different
samplesaregivenin TABLE 1.

RESULTSAND DISCUSSIONS

The measurements of temperature at the surface
and thecentreasafunction of timefor 70DL arepre-
sented in Figure 2. Asit can be seenthereisasignifi-
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Figure2: Variationsof temperaturewith timefor sample70
DL

cant difference between the two temperature profiles
at different timeintervas. Thisisduetothelow thermal
conductivity and aso high valuesof Biot number which
resultsinsamplefallure.

Figure 3, showsthevariationsof Biot number asa
function of the number of quench cycles. Thisgraph
revea sthefact that alarge number of quench cyclesis
associated with the samples whose Biot number are
small. Thissuggeststhat for sampleswith small Biot
number thereexistsamore uniformtemperaturedistri-
butionwhichjustifiesthehigher number of quenchcycles
and hence developinglessthermal stresses.

Formulation of modd

Takinginto consideration theimportance of tem-
peraturedistribution anditsrolein devel oping thermal
stresseswithinthematerial, one caninfer thesignifi-
canceof temperaturedistributionin predicting thermal
shock resistance of refractory materials.

Themodd ling procedurestartswith smplification
of theenergy equation. Theunsteady state energy equa-
tioninacubical sampleintwo dimensionsassuming
homogeneous propertiesyiel dg®:

PV a2 Aot )

Attemptsweremadeto use Heider chartsto solve
the governing energy equation but dueto low val uesof
Fourier numbers, this procedure could not be em-
ployed®. Therefore the energy equation was solved
numerically®8,

Thefinitedifferencemethod wasemployed to solve
numericaly theabove partia differentia equation. The
equation wasdiscretized using; central differencefor
thefirst and second termsontheleft hand sideand al'so
theterm on theright hand side. Thea gebraic equations
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Figure3: Variationsof biot number with number of quench
cycles

aresolved using Gauss-Seidd iteration technique.
Theoverdl heat transfer coefficient whichisused

for theboundary nodesis;

h=hcny. +Nraa. @

Wherehegt |ost through convection mechanismisgiven

by’

heony. = 0.52(Gr - Pr)*® (‘%) ©)
And theamount of heat |ost through radiationis®:
Nyag =&-0-(T2+T2fT,+T,) @

Tofind the stressdistribution, numerical solution of
thetemperaturedidiributionissubstitutedinthefollowing
equationt®.,

S=a-E-AT (5)

Figure4, representsthetheoreticad temperaturedis-
tribution for two different samples. Figure5, illustrates
thetemperaturedistribution at different timeintervals.
Figure 6, comparesthetheoretical stressdistribution at
thesurfaceandthecentre of two different samples. These
graphs emphasize thefact the existence of non - uni-
form temperature distribution will result in thermal
stresseswhichinturn causesthefailureof thematerid.

Sincetherma stability dependson different param-
etersnamdy; thermd conductivity, srength, thermd ex-
pansion, Young modulus, etc. Thereforethe property
can be specified by thefractureresi stance parameter
givenas'?;

Swu (1— v)
" TaE ©

Fractureresistance parameter could beused asa
criterion to correlate thermal shock behaviour of re-
fractory materialsintermsof number of quench cycles.
Hencethefollowing correlation issuggested to predict
thenumber of quench cycles, Q2, intermsof resistance
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Figure4: Variationsof theoretical temperaturewith time
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Figure5: Theoretical temperaturedistribution at different

timeintervals

parameter, R, for different materia sused in the present

investigation.

Q=a+b-R° ()

Wherea, b and c are constantsand their values deter-

mined using experimenta dataand R isgivenby;

=R ®

Thevaluesof constantsin equation (7) are calcu-
lated using non-linear regression. Therefore equation
(7) becomes;

Q=12+0.05R"° ©)

Figure 7, represents the comparison of the theo-
reticd vauesusing equation (9) with experimentd data.
The comparison suggestsagood agreement between
the experimenta dataand the predicted values. A com-
parison of the results published by other researchers,
asindicated in Figure 8, suggests that the presented
model can be used to predict thethermal stability of
other refractory materias.

CONCLUSIONS

Therma stability of refractory materidsisveryim-
Woteviaty Science Cmmm—
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Figure7: Comparison of theor etical number of quench val-
ueswith experimental data

portant inmanufacturing and using thesematerias. The
experimental evaluation of thisproperty isbothtime
consuming and requiresahigh capital investment. To
overcomethese mgjor drawbacksamathematica model
can be devised so that thethermal stability of refracto-
ries can be predicted with asuitable accuracy.

The present work presentsacorrelation for pre-
dicting the number of quench cyclesintermsof other
availablepropertiesof refractory materials. A compari-
son of the val ues obtai ned using the suggested correl a-
tion show that it can predict the experimenta dataob-
tained by the present authorsaswell as other research-
erswith agood accuracy.

NOMENCLATURE

Thermal Diffusivity, m%/s

Y oung Modulus, GPa

Heat Transfer Coefficient, W/m? K
Thermal Conductivity, W/m K
Length, m

Stress, MPa

Strength, MPa

Temperature, °C

Time, sec.
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[1]
[2]

[3]
[4]

[5]

[6]

Greek Symbols
Q Number of Quench Cycles, -
o Thermal Expansion Coefficient, -
€ Emissivity, -
v Poisson Coefficient, -
p Density, kg/m®
c Stefan — Boltzman Constant, W/m? K*
Dimensionless Groups
Bi Biot Number
Gr Grashof Number
Pr Prandtl Number
Subscripts
conv. Convection
rad. Radiation

[7]
8]

[9]
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