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Modification Effect of MgO—-Al:Os—ZrO: Composite Powders on Zirconia Metering Nozzle

XUE Qunhu'?, ZHAO Liang', DING Donghai', ZHOU Yonghua', WANG Xiao'
(1. College of Materials and Mineral Resources, Xi'an University of Architecture and Technology, Xi'an 710055, China;
2. Shaanxi Techno-institute of Recycling Economy, Xi'an 710055, China)

Abstract: The modified zirconia metering nozzles were fabricated with MgO-AlO3;—ZrO, composite powders with different
compositions prepared by a sol-gel method as additives. The bulk density, apparent porosity, thermal shock, compression strength,
mineral phase and microstructure of zirconia metering nozzle were characterized. The results show that the bulk density decreases and
the open porosity increases with increasing the mass fraction of MgO addition. The compressive strength firstly increases, and then
decreases, and the residual strength ratio after thermal shock becomes greater. The addition of MgO composition in composite
powders can reduce the consumption of stabilizer MgO in raw material, which produces magnesium aluminate spinel, thus leading to
the decrease of the precipitation of stabilizer MgO that favors the stability degree of the modified metering nozzle. The magnesium
aluminate spinel and miniature pore structure in the sintering process with uniform size and dispersed distribution and the formation
of strong-bonding zirconia grains with uniform size can improve the thermal shock stability of samples and ensure the erosion
resistance and scouring resistance. When the addition of MgO is 0.65% (in mass fraction), the amount of phase transition is proper
and the amount of micro cracks in the sample favor the toughening of the samples, thus obtaining the optimal strength and thermal
shock stability. However, the excessive phase transition causes the deterioration of performance of the samples in the absence of MgO
addition.

Keywords: continuous casting; magnesium oxide—alumina—zirconia composite powder; modified metering nozzle; magnesium
aluminate spinel
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Table1 Chemical composition of ZrO, raw material wl%
Composition 710, HfO, MgO Y203 CaO TiOz Si0, Na,O ALO3 Fe 03 Loss
Zirconia particle 95.12 1.62 2.61 0.01 0.36 0.11 0.17
Zirconia powder 95.36 2.00 0.14 0.16 0.09 0.35 0.38 0.34 0.08 1.10
Composite powder 1 49.97 9.42 2.92 37.69
Composite powder 2 45.46 14.83 2.52 36.09
Composite powder 3 43.04 19.97 2.51 34.48
w—Mass fraction.
R2 BOREENEPSZ)HURIAYKLE LA R
Table 2  Size distribution of the partially stabilized zirconia particle
Particle distribution range/mm <0.074 0.074-0.500 0.500-1.000 >1.000
w/% 129 68.2 15.2 3.7
12 -
Composite powder 1 i — M m-Zr0,
10 Composite powder2 s - C 7210,
—o— Composite powder 3 — e ~ —~
g|. —=— Zirconia powder o = = S Mgﬁg; =
Lj s Eluh == 8 Particle

Defferemtial volume/%
>
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Fig. 1  Size distribution of composite powders and zirconia

powder

Powder

15 30 15 60 75
20/°)

2 SERHE R ARS () XRD B
Fig.2 XRD patterns of zirconia particle and powder
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Table 3 Formula of different samples wi%
Sample  Zirconia  Zirconia Composite powder Polyving

No. particle powder MgO ALO; ZrO, akohol

K 35 65 3

A0 35 61.35 0 1.68 1.97 8
A10 35 60.94 0.41 1.68 1.97 8
AlS 35 60.70 0.65 1.68 1.97 8
A20 35 60.44 091 1.68 1.97 8

FAMLHE e 7%, B 22 300 MPa JE 1l X 616 mm
BIRKET, BeRdREE N 1710 °C, fRIE 2 he
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Fig. 3 XRD patterns of different samples
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Table 4 Volumetric fraction of monoclinic phase

(1

Sample No. p(monoclinic phase)/% @(cubic phase)/%
K 52 48
A0 71 29
Al0 64 36
Al5 59 41
A20 53 47

¢—Volume fraction.
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Table 5 Physical performance of samples after sintering

Compressive

Sample Density/(g.cm™) Porosity/%

Residual strength Residual strength Residual strength

strength/MPa (20 times) /MPa (40 times)/MPa (60 times)/MPa
K 5.40 6.4 604 370 184 0
A0 5.35 5.5 800 490 350 237
Al0 5.34 5.8 821 603 464 398
Al5 5.28 6.0 863 641 550 489
A20 5.14 7.0 761 592 509 463
. WK, B D ERAL R, KEAW
-
A0 REPNIE, AMREIERLBETIG . B T RULEE R R
v AlS S IEARAR, AR P AR EE R TR 2 UK,

—4—A20

Residual strength/MPa
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Fig. 4 Residual strength of samples
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Table 6 Basal performance of MA spinel and PSZ

Thermal expansion coefficient/ Thermal conductivity/

Material Density/(g-cm™) Mohs’ scale of hardness Melting point/C .
(><10’6 C—I) (W.m—I.K—l)
MgALO4 3.58 8 2135 7.6 6.63
ZrOs 5.89 7 2680 10.0 2.09
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(c) Sample A15

(d) Sample A20

5 FEMERAE SEM A
Fig. 5 Lower power SEM photographs of different samples

(a) SEM photograph of sample
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Fig. 6 EDS result of MgALO4in A15
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