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Abstract

Zirconia has several effects on the properties of composites and
refractories. Adding of Zirconia might improve hydratien resistance
and/or corrosion resistance of the system, which is due to the con-
version of Ca0 to CaZrO,. However, high price of Zr0, is an impor-
tant problent. Using cheaper materials such as zircon may be a suit-
able choice.

In this research. behavior of Zircon (ZrSiOy as a source of 210,

has been investigated in a reducing atmosphere. For this purpose,
mixtures of Zr$iO,-Graphite and ZrSiO,-MgO-C were heated at tem-
peratures from 1000 °C to 1500 °Cin a coke bed, and praduced phas-
es were analyzed and investigated by XRD, SEM and EDX.
. The result showed that in the mixture of ZrSiO, Graphite, the zir-
con was disintegrated to Zr0, and $i0, in a reducing atmosphere at
1300 °C. Since, ZrO, is a stable phase at this condition; it appears as
a monoclinic phase andfor tetragonal and monoclinic phases. Nev-
ertheless, Si0, can precipitate as an amorphous phase or reduces to
5i0 (g) and reacts with carbon to form SiC or it may escape. In the
mixture of ZrSi0,MgO-C, after heating at temperatures above
1300 °C, Zirconia and Forsterite (2Mg0.5iQ;) were detected. The ex-
istence of these phases in the system was an indication that $i0, has
reacted with MgO and confirmed disintegration of Ziccon.

Introduction

Zirconia has several effects on the properties of composites and
refractories, especially those systems containing Ca0. Adding of Zir-
conia might improve hydration resistance of the system, which is
due to conversion of Ca0 to CaZt0, [1-2]. The reaction involves with
volume expansion that fills porosities and also, has melting point
0f2400°C, Therefore, in the systems containing CaQ which are ven-
erabie o hydration, using of ZrO, as an additive may cause higher
resistance to hydration of the refractory. From other hand, in the ce-
ment industries the studies have revealed that presence of Zr0; tn
refractories enhances carrosion resistance [3-5.

According to the studies, it has been shown that the presence of
Zr0, in dolomite, magnesia-dolomite and magnesia - spinel refrac-
tories improves thermal shock resistance [5-7]. Tetragonal to mono-
clinic phase transformation of ZrO, and microcraking increases the
toughness of refractories. However, high price of ZrO, is an impor-
tant problem and limiting factor. Zircon (Zr$i0,) is a source of Z10,.
According to some references, zircon was disintegrated at 1676 °C,
but the disintegration temperature depends on purity and atmos-
phere condition [8-9]. Zircon is a cheap material and is effective on
sintering of ceramic bodies [10-11),

In this research, behavior of Zircon (Z1Si0,) in a red ucing atmos-
phere and effect of that on oxidation of MgO-C samples has been in-
vestigated. For this purpose mixtures of ZrSiO,graphite and ZrSiO,-
MgO-C were heated at temperature ranging from-1000°C to 1500 °C
in A coke bed and the produced phases were analyzed and investi-
gated by XRD, SEM and EDX. Also oxidation resistance of samples
containing 15% graphite with and without zircon was cormpared by
measuring of oxidized layer thickness at ‘emperatures from 1200 to
1300°C.
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Experimental Procedure

Zircon (ltalian, 5 micron), magnesia (China, 0-5mm and 35
glem'’) and graphite (China) with given compositions in Tables 1-3
were used. Compositions of samples are given in Table 4. Samples
Z5-G and Z5-M-G were made as 3 cm tablets. M-15G and M-15G-5ZS
samples were made as cylinders with 3 cm diameter and 2.5 cm
height. Z$-G and Z5-M-G samples were placed in a crucible and cov-
ered with coke and were heated from 1060 to 1550 °C for 5 hours.

MZ-15G and M-15G-5ZS samples were oxidized isothermally in
contralled atmosphere from 1200-1500 °C. After that, the samples
were heated to desired temperature in argon atmosphere, then
heating continued in oxidized atmosphere (in oxygen) for one hour
and then were cooled in argon atmosphere. Finally the samples
were cut and thickness of oxidized layers was compared. Also cross
section of samples and formed phases were investigated by SEM and
EDX analysis.

Results and discussion

The XRD results of ZrSi0-G samples at temperatures from 1100 to
1400°C are shown in Figure 1. ZrSiO, peaks are distinguishable up
to 1200°C, but ar 1300 °C and above Zr0; and SiC peaks were ap-
peared. These results indicate that ZrSiO, disintegrates to ZrO, and
Si0, around 1300 °C and in reducing atmosphere. 7r0, is stable in
reducing atmosphere and remain in mixture but SiQ, could be re-
duced to Si0 and react with carbon to praduce 5iC. The comparison
of XRD diagrams at temperatures 1300-1400 °C with 1100-1200°C
and in 2 teta range of 22 to 30 degree shows that an amorphous
phase (SiO,) exist in mixture.

Figure 2 shows the XRD results of ZrSiO,MgO-G mixture at
1400 °C. The results indicated the formation of Mg,SiO, and MgSiO,

Tab. 1. Composition of China magnesia

OdeS \IgO Ca0 SIO* '\130 ]:E:Oj, LOI
Percent 971 | 126 036 | 009 | 08 | 00l
Tab. 2. Composition of zircon Tab. 3. Properties of graphite
Oxide Percent Properties Percent
Ale: 0.1 Carbon 95.17
]zl gé) 8?1 Moisture 0,02
: o ‘olatile materic 1.0
FerOs 0.06 Vol 111|e\|7111 alerials e
TiO 0.12 A
Si0O- 3402 Density{gricm’) 2.26
Na-OQ 0.01
K.O 0.01
P-Os 2.0
ZrO->+HfO- 62 .54
L.O1 0.91
Tab. 4. Composition of samples
Sample % G | % ZrSi04 | Y% MgQO
ZS-G 34 66 -
ZS5-M-G 342 40.2 25.6
M-15G 15 - 85
M-15G-5728 15 5 80
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Fig. 2. The XRD result of sample ZS-M-G heated at 1400°C

which meant that SiO, {from disintegration of Zr$i0,) had reacted
with MgO and produced mentioned phases according to following
equations:

SiQ, + CO=Si0 + CO

Si0 + 2MgO + CO = Mg 810, +C

Si0 + MgO + CO =MgSi0, + C

At temperatures above 1300 °C similar results were obtained. The
SEM image of sample heated at 1300 °C and EDX analysis of differ-
ent phases are presented in Figures 3-4, Small white particles are
Zr0, grains and grey regions have My-Si composition,
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Thickness of oxidized layer versus temperature for samples M-15G
and M-15G-5Z5 is shown in Figure 5. Oxidation of M-15G-5ZS samples
is higher than M-15G, especially at 1500 °C. The SEM cross section
image of MgO-C sample containing 15% G and 5% Zr$i0, is shown in
Figure 6. EDX analysis shows that large particles are MgO with a
narrow white-grey layer around it and small white particles are
Zr0, particles. EDX analysis of narrow layer around the grains and
grain boundaries near to surface of MgO particle are shown in Fig-
ures 7 and 8 respectively. These analyses indicated that narrow lay-
er contains Mg and Si and at grain boundary Ca-Si ratio is less than
1. Compositional change of MgO particle (with respect to original
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Fig. 3. SEM image of 25-M-G sample heated at 1300°C
has reacted with surface MgO grain near the surface of ZrO, parti-
cle and created Forsterite. Qur early analysis showed that adding of
composition) is due to disintegration of ZrSi0, and creation of Zr0,  Zircon has increased porosity of samples. From other hand, the re-
and Si0, or Si0 (g). After that ZrO; has remained in texture, but $i0,  action of SiO, (resulting from zircon disintegration) with Mg0
grains surface inhibits andjor retards MgO reduction at high tem-
peratures. So, it is possible that formation of dense layer on the sur
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Fig. 4. EDX analysis of white and grey area in Fig. 3 Fig. 7. EOX analysis of narrow white-grey segion
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Fig. 8. EDX analysis of grain boundary near to surface of MgQ grain

face of samples at high temperatures would be decreased. It seems
to us that these would be possible reason that has been enhanced
the oxidation in M-15G-5ZS samples.

Conclusions:

The result showed that ZrSiO, was disintegrated to ZrQ, and SiO,
in a reducing atmosphere at 1300 °C. Since, Zr0Q, is a stable phase in
this condition; it appears as a monoclinic phase and/or monoclinic-
tetragonal phase. Nevertheless, SiO, can precipitate as an amor-
phous phase or reduces to $iO (g} and reacts with carbon to form
SiC. In the mixture of ZrSi0-MgO-C, after heating at temperatures
above 1300 °C, Zirconia and Forsterite (2MgQ.5i0;) were detected.
Existence of this phase in system indicated that SiO, reacted with
Mg0O and confirms disintegration of Zircon. 37
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