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Data are provided for preparation of fuzed stabilized zirconium dioxide melted in an ÉDP-600M electric arc

furnace. Fuzed lump and granular material is obtained, whose structure is the cubic modification of zirconium

dioxide crystals. The possibility is discussed of preparing stabilized zirconium dioxide by electric-arc melting

of a zircon charge.
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Zirconium dioxide, having good refractoriness and low

thermal conductivity, is classified within a group of promis-

ing materials used for enhancement in metallurgy, power

generation, chemistry, and glass making. Development and

expansion of high technology branches of engineering such

as aerospace, electronics, atomic, rocket, etc., are also con-

nected with use of different materials based on zirconium di-

oxide. Zirconium dioxide, having a crystal lattice monoclinic

structure at room temperature, is subject to polymorphic

transformation on heating, whose temperature according to

data for different researchers may vary [1]. In the range

950 – 1200°C there is transformation of the monoclinic mod-

ification (baddeleyite) into tetragonal, stable up to 2200°C,

and above 2200°C zirconium dioxide is transformed into a

cubic phase. All of the zirconium dioxide crystal forms noted

are reversible, and transition from monoclinic phase into

tetragonal and conversely is accompanied by a volume

change of 3 – 5%.

Volumetric changes of refractory objects, manufactured

from zirconium dioxide of monoclinic modification, make it

impossible to use them above 1000°C due to cracking. In or-

der to overcome volumetric changes zirconium dioxide is

stabilized by converting it into a stable high-temperature cu-

bic modification by introducing oxides structurally similar to

it (CaO, MgO, Y2O3, CeO2), forming stable solid solutions.

Depending on amount of stabilizer entirely and partly stabi-

lized zirconium dioxide is different. Completely stabilised

zirconium dioxide (SZD) is prepared with addition of more

16 mol.% CaO, 16 mol.% MgO, and 8 mol.% Y2O3.

In practice during preparation for ceramic technology

highly stable zirconia-containing refractories CaO is used

most frequently, and this is confirmed by the large amount of

research in the ZrO2–CaO system [1]. Increased strength,

good thermal shock resistance, and corrosion resistance has

provided extensive use of materials and objects based on

SZD in very different branches of engineering. SZD is used

most extensively for production of refractories and engineer-

ing ceramics [1, 2].

The main SZD producers for CES countries are Ukrai-

nian enterprises: A. A. Berezhnyi OAO UkrNIIO, GP

Vol’nogorsk GGMK, and GNPP Tsirkonii. Within Russia in

spite of high demand the only enterprise currently producing

zirconium dioxide and SZD in an amount of about

6 tons/year, with a requirement for expanding production to

120 tons/year, is OAO Cherepetsk Mechanical Plant [3].

Therefore the most important branches of industry (aviation,

space rocket, metallurgy, ceramics, etc.) depend on overseas

suppliers, and a severe shortage of SZD is the reason for the

limited effective use of it within new industries.

A significant increase in SZD production for industrial

purposes (refractories, ceramics, coatings) within Russia is

possible with expansion of thermal methods for its prepara-

tion. It is assumed that the main methods for SZD prepara-

tion using calcium, magnesium, and yttrium oxide additions

is electric melting, firing at 1600 – 1900°C, and also heat re-

sistant components from salt solutions. Zirconium com-
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pounds are prepared by powder metallurgy methods with a

minimum impurity content and SZD prepared in this way is

used in medicine for manufacturing special ceramics.

In order to produce refractories for industrial purposes

requirements for the impurity content in SZD are somewhat

lower, and therefore it is rational to consider electric melting

in an arc furnace for its production [4, 5]. Due to a high melt-

ing temperature of 2420°C melting zirconium dioxide is a

significant difficulty and requires considerable energy ex-

penditure. A second melting difficulty is preparation of a re-

heated fluid melt with the possibility of maximum pouring

from a furnace into a casting mold. Therefore the first series

of melts was performed using a binary charge based on zirco-

nium and calcium oxides with addition of up to 6% silica in

order to reduce charge refractoriness and improve melt cast-

ing properties [6]. These experiments made it possible to de-

termine a rational melting and casting regime for melts con-

taining more than 90% ZrO2 and to work requirements for

creating an electric-arc unit with increased energy poten-

tial [7].

Systematic studies for preparing fuzed stabilized zirco-

nium dioxide (FSZD) were continued in a modernized

EDP-600M unit. The raw material used was baddeleyite

powder grade PB-0 (TU 1762-003-00186759–2000) contain-

ing, %: ZrO2 � 98.5, SiO2 � 0.4, Fe2O3 � 0.1, TiO2 � 0.13,

and chalk (GOST 8253). After melting a charge the melt was

held for some time and poured into a graphite mold with

preparation after natural firing of a casting weighing 50 kg.

A series of melts was also carried out with melt granulation

in water. Granulated FSZD is shown in Fig. 1.

According to petrographic analysis data FSZD has an al-

most polycrystalline structure and consists of zirconium di-

oxide crystals and a small amount of glass phase, filling

spaces between crystals (Fig. 2). A casting structure is a dense

mass of quite coarse crystals with sizes of 0.30 – 0.60 mm

(see Fig. 2a ). Within the granulated material structure, which

may be considered as uniformly granular, there is a signifi-

cant amount of individual grains with a size of

0.20 – 0.40 mm (see Fig. 2b ). The chemical composition of

crystals and glass phase of melted material according to

x-ray microprobe analysis is provided in Table 1. The crystal

phase of a casting is 91.5% ZrO2, 8.5% CaO and for granules

it is 91.75% ZrO2, 8.25% CaO, and they are solid solutions

in the system ZrO2–CaO [1]. The glass phase of castings

and granular material, containing 11.62 – 17.02% ZrO2,

42.95 – 44.79% CaO, 31.82 – 3.02 SiO2, is classified with

respect to composition to highly viscous refractory glass.

According to x-ray phase analysis data the sole crystal

compound for all of the test melted materials (melt-cast and

granular) is zirconium dioxide of cubic modification, which

has all the values if interplanar distances of an x-ray diffrac-

tion pattern (Fig. 3). It has been shown that with respect to

chemical and phase composition, and also structure, there are

no fundamental differences for granular materials and cast-

ings. However, for castings compared with granules there is

a typically coarser zirconium dioxide crystal size.

These studies have demonstrated the practical possibility

of preparing FSZD by electric melting of technical raw mate-

rial (zirconium dioxide or baddeleyite powder) in an arc fur-

nace. It should be noted that zirconium dioxide of metallurgi-

cal production and baddeleyite powder are expensive and

scarce materials. It may be quite promising to prepare SZD

using zircon concentrate as raw material instead of zirco-

nium dioxide. This may be accomplished by electric-arc
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Fig. 1. Granulated FSZD.

Fig. 2. FSZD microstructure: a) cast (poured), b ) granulated;

1 – 5 ) points of chemical composition determination by a

microprobe.



melting of zircon concentrate with a combination of two pro-

cesses: desiliciding zircon with carbothermal reduction of

silica and stabilization of zirconium dioxide with calcium

and yttrium oxides. An important task is determining the

maximum amount of residual silica with which total zirco-

nium dioxide stabilization is accomplished.

Preliminary melting of a charge based on ZrO2, SiO2,

CaO oxides in an induction furnace showed that the stabiliz-

ing effect of calcium oxide within melted materials of the

high-zirconia region of the ZrO2–SiO2 – CaO system de-

pends on silica content within the refractory composition [6].

In materials containing 10 – 32% SiO2, calcium oxide is a

glass phase component, and has no stabilizing effect for zir-

conium dioxide. A stabilizing effect is achieved in material

with 5% glass phase, within which the main crystal phase is

the ZrO2 cubic modification. This material is a product of in-

duction melting FSZD 14 (87.6% ZrO2, 4.5% SiO2, 7.5%

CaO). This material, whose structure stabilized zirconium di-

oxide in the presence of about 5% glass phase, may be a ba-

sis both for melted and cast refractories and for refractories

prepared by ceramic technology. For melting and casting re-

fractory technology and preparation of crack-free objects

presence of structurally stable cubic zirconium dioxide and a

small amount of glass phase is important.

A study of desilicided zircon by carbothermal decompo-

sition in an electric-arc furnace has shown that using casting

coke as a reducing agent it is possible to prepare melted

product containing less than 11% SiO2 [8]. Preparation of

FSZD containing less than 5% SiO2 requires marked changes

in charge preparation technology and electric-arc melting re-

gime.

The experimental results obtained have made it possible

to determine conditions necessary for subsequent industrial

test development for preparing FSZD, and also preparation

of melted material based on stabilized zirconium dioxide by

electric-arc melting of a zircon charge.

The author thanks M. D. Gasparyan, S. V. Makhov, and

O. V. Osinin for help in performing this work.
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TABLE 1. Fuzed Material Crystal and Glass Phase Chemical Composition,%

Compo-

nent

Granular material Casting

crystal composition* glass phase composition* crystal composition glass phase composition

4 5 av. 1 2 3 av. 4 5 av. 1 2 3 av.

ZrO2 92.40 91.81 91.50 12.90 18.56 23.70 17.02 92.09 91.83 91.75 11.08 14.57 5.75 11.62

CaO 7.60 8.19 8.50 44.84 42.19 40.04 42.95 7.91 8.17 8.25 40.73 38.86 50.54 44.79

SiO2 — — — 33.67 31.36 28.99 31.82 — — — 38.19 36.78 35.22 35.02

Al2O3 — — — 1.74 1.66 1.46 1.68 — — — 3.38 3.17 1.40 1.85

MgO — — — 3.17 2.66 2.82 2.98 — — — 1.87 1.64 3.38 3.16

TiO2 — — — 1.56 1.34 1.20 1.40 — — — 2.02 2.05 1.10 1.28

Fe2O3
— — — 2.13 2.22 1.80 2.15 — — — 2.72 2.93 2.60 2.28

* Compositions at points 1 – 5 (see Fig. 2) and average compositions (av.) for measurements of nine refractory specimens are shown.

Fig. 3. Granular FSZD x-ray diffraction pattern.
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