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ABSTRACT

Some mechanical and thermal properties of mullite samples prepared by mixing
different phases of alumina and silica powders have been studied according to ASTM
methods. The cold crushing strength of the sintered bodies. with different porosity, at
room temperature was in the range (18-54) Mpa. And the flexural strength was (3.8-
26.1} Mpa. The thermal propertics of samples. Specific heat, of thermal insulation
was (19028(/g ). and the measured thermal expansion coeflicient was between
(7.08-7.68) x 10 2 € “at the temperature difference (20-100 C) { the thermal con-
ductivity was measured and calculated for samples with difTerent porosity and mullite
content percentages.

INTRODUCTION 3
The aim of a ceramist in selecting their uses. This may be divided into
~or modifying a particular composition. three  main lypes, mechanical strength,
fabrication  methods, firing processes thermal - expansion and confinement of
or heat treatment is 1o obtain product heat.Propertics of mullite depend on
having certain useful properties. This starting matcrial and the impurities that
requires good understanding ol mate- greatly affect the equilibrium reaction,
rial propertics.tn this study we deter- [1]. also, the technique of producing
mincd  from the reaction of alumina mullite will affect the physical proper-
with quartz. silicic acid. cristobalite. ties such as mechanical strength. and
All these starting materials were manu- thermal conduetivity, [2].
factured or available as deposits in At normal service of refractorics in
Iraq. The propertics  of the manufac- furnaces, low strength is needed (98-
tured material are” important in the se- 980) Kpa. The strength will be retained
lection ol constructional  refractors. up to the softening point, because of
The demands made on relractories are plastic deformation which occurs at
not only heust resistance but involves high temperatures  prevents  brittle
number of other factors depending on fracture. [3].
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Mullite strength s in very wide rang
(20-700) Mpu, [4] and recent studies
have shown that phase pure mulfite can
also retain its strength In lemperatures
up to 1500 ', {4].

Ceramic malerials in the annealed state
arc  microscopically strain free when

the temperature is uniform. [ case if

there 1s a Temperature gradient, hotter
parts try fo expand relatively to the
colder once which are subjected to len-
sile stress. The thermal expansion coel-
ficient  will directly  determine  the
magnitude  of  the  arising  thermal
strains. If the strain exceeds the frac-
ture strain of the material, racture will
occur.  Fenstermaier and Hummel in
(196have pointed out that the mullite
crystals do not have an exceptionally
high degreec of thermal  expansion
anisotropy. he incar  xpansion
coelficicnt normal to c-axts is 4.5 x 10
b ¢ and 5.7 x 107 € ‘parallel to c-uxis.
[5]. The thermal conductivity and the
rale of applied heat  determine the
thermal gradient  through the material.
If conduction s ot hermally teady,
the rate of material heating and the
thermal strains, will depend on the rate
ol heat absorption and  henee on heat
capacity. |0}

Pankutz el . (1963) has measured

the Taw temperature heat capacity of

mullite, prepared rom pure alumina

and quartz; it was 0.763 jig CAV],

For different refractories, the heat ca-
pacilty ranges from 0.753t00.9209 j/p
C. [3].

EXPERMANTAL
PROCEDURES

I-Mullite Samples:

The samples were prepared  from the
reaction ol different phases ol starting
matertats alumina  and silica as shown

as in (’I‘ab]c A).

Tuable (A)

Samples  Starting materials Al/Si rafio wt/wt  Muilite content %

Grope A m-alumina+Quantz 235 80.3
Grope C m-afumina+Crystobalite  2.53 59.8
Grope D « -aluminatcrystobalite 2.9 953
Grope E o —gluminatsilicic Aside 2,63 90.5

2-Cold Crushing Strength !

The standasd test method (ASTM
C13384) for cold crushing strength is
used, {7] . The cold crushing strength
(com) caleulated according to the fol-

lowing refation:

o Max W/.0... ... [ 1]
Where W= "Total maximum
load.

A = Averape gross Lop to bollom areas
ol the Specinien
3- Flexural Strength !
The test method (ASTM C 133-84),
[7], the fexural strength caleulated
using the relution:
af=WIH ;. 8 ... |2}
Where W ois the applicd {oree i is the
span times 1 is the depth, and 1is the
cross section moment of inertia, for a
circular  scction rod  of  diameter
(D)ywhich is caleulated according to the
{ollowing relution:

4
- (J1 JId /7o6d)....... [3}
d4- Specific Heat:

The test method (ASTM C 331-82)
for mcan specilic heat determination
by using calometry method.. It was
calculated according to the following
equation:

Co= (mg Co v m, COCL - 1)
Hma(Ta- T oo 4]
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Where Co. Cy and C,, are the specific
heat of  Copper. Walter and the test
sample respectively. mg, m,,, and ms
arc the mass of calorimeter, water used
m the test, and the sample 1o be meas-
ured. T T2 and Ty are the temperatures
of water: sample after heating. and the
final ol the systenm respectively.

S-Thernmal Expansion ) o )

Lixpansion  data may be obtained by
heating  suitable  marked picees in a
furnace with spy hole to observe the
gevinetrical changes of the picces with
optical apparatus. The heating
Microscope  provides the observation
and photographic recording of the
various phases and dimensional change
of the ceramic material. The niecan
thermal expansion cocfficient () was
cadeulated using the Tollowing equation
e = (Ly—La)/ tho(Ta~T)] (5]

Where g s the [ength of the specimen

al femperature Ty 1y 1s the length of

the specimen at temperature s And
the pereentage thermal expanston is

- ([,;; 5 I.[)) X I()U/ I,.() ...... [()E

6~ Thermal Conductivity (K):

Thermal  conductivity  measurements
were carrted out by using  Lees Disce
mcthod, [8]. for sumples with dilferent
apparcnt porosiy at room temperature,
It porous material, the gas

Contained in the pores has much lower
(K3 than the solid phase. If pores from
a dispersed  phase then (K) of such
syslem is

K=Ky (I-Vy/(1+Vy .
Where Vo ig the volume
porosity  and Ky is the thermal condue-
tivity of full dense material, [3]. This

shows that (K} isastrong function of

microstructure features.
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RESULTS AND DISCUSSION
i-  Mechanical Strength

The cold crushing strength was cal-
culated by Eq. (1), the results are
shown 1n table (1). Comparing these
results with  the results obtained by
many authors®  work, there is an
agreement with the average obtained
from literature. The obtained range of
cold crushing strength in this work
shows that the product is applicable as
a furnace constructional material .In 3-
point text the flexural strength was cal-
culated by using Eq. (2) and (3) table
(1} shows the obtained results. These
values  arc  agreement  with  some
authors  work. The high flexural
strength values obtained (or group (A)
samples (8.37 — 26.18) Mpa. compared
with author groups are due to the low
apparent porosity of the samples and
also to alumina / silica ratio. The cffeet
of starting material ratio on muflite
strenpth was studied by Miller and
Davis (1996, they discovered that the
mullite  produced from (1.5) ratio of
alumina to silica was stronger than that
produced from the (0.3) ratio [9]. The
presence ol glassy phase surrounding
the ceramic  grain stress around the
prain during material cooling, which is
due to the dilference in thermal expan-
sion coefficients between the grain and
the glassy phase. This stress in the
glassy phasc creates tensile forces per-
pendicutar and compressive  forces (o
the grain boundaries parallet to it . {10}
. The mullite content in-group A sam-
ples was 80.3% it was the lowest com-
pared with ihe other groups (C, DD and
[1) samples. which showed low flexural
strength valie because they decrease
the cross-sectional arca in which the
load is applicd on, resulting a reduction
i the body strength, they also act as
stress concentrators. [3] The heat ca-
pacity of test samples in this work is
within the range mentioned above.
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it-Thermual propertivs

The mechanical and thermal stabilily
of mullite as a constructional refrac-
fory material at clevated temperatures
is important as well as its thermal in-
sulation. On these bases the thermal
properties are presented as follows:

I-specific Heat capacily:

The result of meanspecilic heat capac-
iy was obtuined by using the test
method (ASTM € 3351-82). [7]. and
compared  with  some  literature
shown 1 table (2).

Taking the average heat capacity ol the
measured  samples and the average ob-
tatned  from  reference, the deviation
was found to be (5%) this deviation
may due (o pores 1o the ssmples. Al-
though the molar capacity for crystal-
line materialbs is not struclure-sensgitive,
the volume heat capacity depends on
the porosity, [6], the mass of material
in a unit volume decreases in propor-
tion with pore volume present. ‘the
heat capacity ol the refractory materi-
als, ranges from (0.75:4 10 0.92) 1/p.C,
[3].the heat capacity of test samples in
this work 1s within the range men-
tioned above,

as

2-Therinal Expansion cocefficient

The mean thermal expansion coclli-
cient was caleulated using eq. (3). For
test samples (30A, 17G.132D, and
221) with (26.72, 54.2, 46.7.and 30.32
% porosity) are shown in table (3).
Comparing  these  vadues  with those
obtained  from the work of many
authors, a discrepancy is shown, These
discrepancies may  be due the measur-
ing method used in this work and the
high apparent porosity ol the samples.
Lower porosily can be achieved be-
ause ol the difliculties associated with
hand  Pressing ol the samples when

using  small  diameter  mold. The
percentage  thermal expansion values
caleulated by using  cq. (6).

Considering the values in the material
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index. [11]. As a standard and
comparing them  with  dic values
obtained in  this  work plotted in

Fig(1).1t cun be noted that the behavior
of the samples in temperatures be-
tween{ 20-100 C "y are similar to that
of the standard and there is no sharp

dimensional change.

3-Thermal Conductivity

The oblained wvalucs of  thermal
conduetivity at room temperature for
samples ol each group. With different
apparent, is shown in table (4) and in
fig (2).were the thermal conduclivity ol
solid material (with zero porosity) was
caleulated by using ¢q. (7). I'rom these
resulls we  can noted that group(A)
samples showed lower(K)values than
other groups, this due to the relatively
high content ol unrcacted silica(K for
silica is La42wim Chin the sample, and
also due to increasing porosity per-
centage in the samples. This result is in
agreement  with Kingry (1966),who
stated that, o unerly lincar deerease in
conductivity with increasing porosity,

if found _lor dispersed pores inoa
solid.| 12}
CONCLUSIONS

The niechanical and  thermal

propertics  [mullite  samples  were
within limits of the values obtained by
many others.On these basis the muilhite
as a constructional refractory material
could be produced industrially from
lragi row materials The produced ma-
terial could be utilized in glass tanks,
crucibles  steel  industry as  burner
blocks , clectrical Turnace roof and in
nonferrous metal industry for induction
furnaces.
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Table (1)

The strenpth of mullite smmples for (A,C,D, and F) groups

| Group

Anparent Porosity % | Cold crushing

TFlexural Strength

_Streagth Mpa __Mpa
10-21 18.353- 50.293 8.369-20.184
23-31 24.36- 54.864 3R19-17.848
27-36 22.352-67.889 3.877- 14738
25-35 22.213-59.842 4.148-16.671

Table (2)
Mean spacific hea! resulls

Group Measured Mean Specilic Specitie heat front some
i heat literatures (J/gC)
i 0.8999 0.733
S 0.90586 0.763
(b 0LH20UR .k8
T 084238
Averape 086735 0792
Table (3)
Thermal Expansion coctlicient of Mullite Samples
Temperature i Samples Samples Samples Samples
: el (oA | (17010% | 2mxie® | 22610
c! ot c 0
202500 7.4925 7995 6327 65715 |
20 - 8O0 7.32715 7.4 6.725 7.447
20 - 1000 7.08 7.6875 7.225 6.975
M- 1100 G975 6.975 775 7.523
201200 63825 1 e 6.925 7425
W-1300 | - L B e
201400 | - 68475 | - -
Table (4)

A

(h'?m[")

Forodity %
0.0
27.632
14.83
36 .44
0.0
21.402
20457
30,04
36,962
0.0
25017
28.921
35.753
39.036
0.0
26718
26.08
34316
35.208
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The Thermal conductivity of different group sample of Mullite

“heramal Conduetnity Win €

30222
1724
1.482
1.4079
3.958
2372
1825
16857
1.656
5307
3237
2.976
2.654
2.5055
4.566
2,641
2.832
20735
2.0624
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Thermal Expansion against
Temperature for Samples
30A,17C, 12D ,22E,and standerd
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