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Abstract

Thermal shock improved microstructures of porous alumina fine grained materials have been obtained with Mg-PSZ- and TiO,-additions. The new
material displays a non-linear deformation behaviour as a function of the applied stress and presents a very low Young’s modulus of elasticity. The
extrusion technique has been selected in order to produce porous honeycomb structures. By the aid of a special gas burner equipment the cyclical

thermal shock performance of the material has been evaluated.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Al,Osz; ZrO,; TiO;; Thermal shock resistance

1. Introduction

Structural Al,O3 ceramic composites prepared by the intro-
duction of fine ZrO, particles in the alumina matrix are widely
used in construction applications as well as biomaterials due to
high levels of mechanical strength, toughness and hardness.!
Hasselman has established the thermal stress resistance param-
eters related to the thermal expansion coefficient, the Young’s
modulus of elasticity, the fracture tensile stress and the thermal
conductivity. He has illustrated the effect of thermal shock on the
strength of ceramics and the regions of applicability (resistance
to fracture, loss in strength due to fracture and crack stability
followed by further weakening) of the various thermal stress
fracture parameters. A low thermal expansion coefficient and a
low Young’s modulus of elasticity improve the thermal shock
performance.z’3 The combination of Al,O3 and TiO; leads to
the formation of Al;TiOs that exhibits the highest Ry ther-
mal shock parameter according to Hasselman among all other
ceramics.* AlpTiOs ceramics have a very low thermal expan-
sion because of micro-cracks at grain boundaries induced by
the high anisotropy along its three crystallographic axes.”> How-
ever, pure Al,TiOs tends to decompose into Al,O3 and TiO,
at temperatures ranging from 800 to 1300 °C during cooling
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as a result of eutectic reactions.® Following decomposition,
the material no longer exhibits either a low thermal expansion
coefficient or favourable thermal shock behaviour.” The ther-
mal durability of Al,TiOs can be improved by the formation
of solid solutions with MgO, Fe;O3; or TiO, which are iso-
morphous with the mineral pseudobrookite.® Another source
of stabilisation is the limitation of micro-cracks, micro-cracks
growth as well as grain growth by the addition of additives
such as SiO,, ZrO,, ZrTiO4 or Mullite most of which do
not form a solid solution with Al,TiOs but rather restrain
the tendency of Al,TiOs towards decomposition.” Especially
during sintering of Al,TiO5—ZrTiO4-mixtures composite mate-
rials with high temperature stability as well as low thermal
coefficient can be produced due to in situ partial reactions.!”
Unfortunately under thermal shock cycling a partially decom-
position of such materials is also observed due to micro-crack
growth.!!

The production of tetragonal zirconia polycrystalline ceram-
ics and the identification of factors controlling retention of the
tetragonal phase in the ZrO,-TiO, system have been investi-
gated by Pandolfelli and Rodrigues.'? In solid solution, TiO»
additions to ZrO; act to suppress the densification of ZrO,,
leading to grain growth when attempts are made to attain higher
densities. The use of fine powders and fast firing techniques
are not able to keep the final grain size of ZrO; small enough
to avoid spontaneous tetragonal to monoclinic transformation
during cooling. Osendi and Moya showed in the past in a
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Al O03-8 vol.% ZrO, composite, that although TiO, additions
cause the initial sintering rate of the composite to increase, a
significant enhancement of the grain growth kinetics of ZrO; is
observed after annealing.'3

A very interesting approach to study the thermal expan-
sion behaviour of ceramic composites in the system
AlpO3-Zr0,-TiO> has been presented by Virro-Nic and
Pilling.'* Compositions were prepared from blended mixtures
of oxide powders (Al,O3, Aldrich, purity 99.8%, particle size
<10 pm; TiO,, Johnson—Matthey, purity >99%, particle size
1.5-2.0 pum; ZrO», Johnson—Matthey, purity >99%, —325 mesh)
which were compacted into cylindrical rods and then melted in
a tungsten arc-image furnace. They demonstrated that compo-
sitions of 20 mol% Al>,O3, 20mol% ZrO; and 60 mol% TiO,
present a thermal expansion coefficient of —4.18 x 1070 K~
A composition based on 40mol% TiO;, 40mol% ZrO, and
20mol% Al;O3 reaches a thermal expansion coefficient of
0.5x 107K, whereby 100 mol% Al,O3 presents a thermal
expansion coefficient of 8.6 x 1076 K~L, 100 mol% ZrTiOy4 of
7.3 x 107° and 100 mol% Al,TiOs of —3.5 x 1070 K.

In a previous work fine grained Mg-PSZ ceramics with titania
and alumina additions are investigated.'> Through the addition
of TiO, and Al;O3 a high amount of the tetragonal phase is
transformed and the monoclinic phase is being increased. TiO»
is incorporated in the zirconia lattice and a part of the MgO
stabilising agent is removed from the zirconia cell and reacts
with the Al,O3 to give MgAl,O4. Through the loss of the sta-
bilising agent martensitic phase transformation occurs. Due to
the martensitic transformation as well as the spinel formation a
micro-crack pattern is generated that leads to low thermal expan-
sion coefficient as well as low Young’s modulus of elasticity.
Both parameters with their low values contribute to the thermal
shock performance of fine grained Mg-PSZ ceramics.

Main task of this work is to improve the thermal shock
behaviour as well as the thermal cyclic stability of fine grained
porous alumina based materials due to Mg-PSZ (magnesia par-
tial stabilized zirconia) and TiO;-additions.

The regulations regarding automotive diesel engine emis-
sions become more severe every day, and it is difficult to meet the
requirements with only combustion improvement techniques or
exhaust gas recirculation. More effective after treatment technol-
ogy is desired, especially for particulate matter, such as carbon
soots. The use of ceramic diesel particulate filter is now a lead-
ing technology for particulate matter removal and honeycombs
made from SiC have been widely used for the collection of
carbon soot.'®!7 A thermal shock resistant fine grained porous
alumina material exhibits at least the same corrosion resistance
as SiC in diesel exhaust gas environments and is a promising
low cost alternative for diesel exhaust gas filters in comparison
to the commercial available SiC-materials.'®

2. Experimental

The extrusion technique has been selected as the most suitable
processing route to form honeycombs and rods. The plastic feed
material based on the compositions listed in Table 1 is prepared
by directly batching and mixing the raw materials in a high-shear
auger mixer. In a further step the plasticizers and water have been
added to the batch during mixing in a conventional baking mixer.
Due to a piston extruder honeycombs 23.5 mm x 23.5 mm with
196 channels and wall thickness of 250 wm as well as full round
rods with a diameter of 5 mm have been extruded. The applied
pressure was lying between 10 MPa for the honeycombs and
9.5 MPa for the strands. The samples have been dried at 40 °C
for 6 h (humidity 80%) and at 90 °C for 6 h (humidity 5%) in an
air circulated dryer. Samples have then been sintered at 1500 °C
(Material AZT 1500) and at 1600 °C (Material AZT 1600 and
Material AL 1600) for 2h at the maximum temperature in an
electrical furnace with sintering curves obtained from dilatome-
ter curves. The obtained microstructures have been characterised
by scanning electron microscope (SEM), electron dispersive X-
ray (EDX) analysis as well as electron backscatter diffraction
(EBSD) techniques. Using X-ray diffraction the phase evolution
of the different sintered materials has been identified.

Table 1
Composition of mixtures
Recipe AZT (wt.%) AL (wt.%)
Material Type Supplier
Inorganic raw materials
AlLO3 T60, dsp =55 pm Almatis 29.76 33.44
AL O3 CTCO FG, dsop =4 pm Almatis 43.29 43.29
TiOy Tronox TR, dsp =1 pm Kerr 1.84 -
ZrO, with 3.5 wt.% MgO PMG3.5, dsop =2 pm Unitec 1.84 -
Pore former
Flour HW FGB ds5p =55 pm Kampffmeyer 10.82 10.82
Acrylate Porlat K86 dsp =130 pm 7&S 8.12 8.12
Organic additives
Casterment FS 10 Degussa 0.54 0.54
Tenside Henkel 1.62 1.62
Culminal 6000 PR Aqualon 2.15 2.15
Plus additional water
Water 16.77 16.22
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The density and porosity of sintered samples were mea-
sured by Archimedes principle as well as the distribution of
the porosity due to mercury porosimetry. Samples out of the
rods (5 mm in diameter x 45 mm in length) and honeycombs
20mm x 20 mm x 150 mm with 196 channels (higher number
of channels per area due to shrinkage after sintering) have been
used for the evaluation of the mechanical properties. In each case
20 samples for three point — bending strength — tests of dried as
well as sintered samples were measured as fired at room tem-
perature according to EN 843. In addition four point bending
strengths were measured at room temperature after quenching
special honeycomb samples (4 mm x 6 mm x 45 mm with 12
channels) in water from 200, 400 to 600 °C. Beside this thermal
shock test, honeycomb samples as described before have been
shocked thermally by a special gas burner construction (power
2500 W) for 1000 cycles. The shocking cyclic profile was heat-
ing with 800 K/min and cooling with 400 K/min. After the burner
thermal shock test residual three point bending strengths have
been also measured according to EN 843. In a further step the
thermal expansion (honeycomb sample 4 mm x 6 mm x 45 mm
with 12 channels) in a horizontal Netsch Dilatometer and the
static Young’s modulus of elasticity due to three point bending
strength tests of the honeycomb samples as well as of the rod
samples have been measured.

3. Results and discussion
3.1. Microstructure and phase evolution

Fig. 1 presents honeycombs as pressed as well as fired. Due
to the additions of TiO; and Mg-PSZ in Al,O3 (Material AZT
1500 and Material AZT 1600) a higher shrinkage is observed in
comparison to the pure Al,O3 Material AL 1600. The shrinkage
after firing reaches a value of 14.9% for AZT 1600, 14.1% for
AZT 1500 and 10.6% for AL 1600.

Fig. 2 presents the micro-porosity as well as macro-porosity
incorporated in the thin wall matrix of AZT 1600 due to organic

Fig. 1. Honeycombs: (A) as pressed, (B) Material AL 1600 as fired and (C)
Material AZT 1600 as fired.

tMagn  Det WD Exp b———

100x SE 10,0 12547 HEAZT 43 1600

Fig. 2. Surface of Material AZT 1600, SEM micrograph, macro- and micro-
porosity.

Table 2
Porosities and pore sizes
AL 1600 AZT 1500 AZT 1600
Open porosity (%) 36 43 42
dyo (pm) 0.7 3.1 3.0
dsp (um) 2.5 4.9 4.8
dgp (pum) 12 18.5 17.0

and inorganic pore formers. The water, the flour, the acrylate as
well as the plasticizers contribute to the porosity. In addition,
in situ formed micro-cracks during sintering and cooling-down
increase the porosity in Material AZT 1600. In Table 2 the
porosities and the main pore sizes of the three materials are
listed.

The addition of TiO, and Mg-PSZ leads to higher shrinkages
but also contributes to grain growth, Fig. 3 microstructure of AL
1600 and Fig. 4 microstructure of AZT 1600.

In Fig. 5 a well distributed white phase can be identi-
fied in Material AZT 1600. In a higher magnification (Fig. 6)
besides Al,O3 grains three additional zones can be identified.
According to EDX-analysis zone 1 is a ZrO-rich area (white
phase in Fig. 6) with less than 0.5 wt.% MgO stabilising agent,

Fig. 3. Microstructure of the surface of Material AL 1600, SEM micrograph.
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Table 3
EDX analysis of Mg-PSZ starting powder as well as the ZrO,-rich area (zone 1) of Materials AZT 1500 and AZT 1600
Material 71O, MgO TiO, Al,O3
wt. % mol% wt. % mol% wt. % mol% wt. % mol%
ZrO, powder 95.42 88.24 3.88 10.97 - - 0.70 0.78
Zone 1
AZT 1500 90.17 85.72 0.31 0.89 7.27 10.65 2.07 2.38
AZT 1600 87.95 82.27 0.19 0.53 8.29 11.96 2.05 2.32
Table 4
EDX analysis of the TiO,-rich area (zone 2) of Materials AZT 1500 and AZT 1600
Material 710, MgO TiO, Al,O3
wt. % mol% wt. % mol% wt. % mol% wt. % mol%
AZT 1500 18.05 12.78 0.14 0.30 65.57 71.61 13.71 11.73
AZT 1600 35.39 27.35 0.11 0.26 44.65 53.21 18.82 17.58
Table 5
EDX analysis of the ZrO,—TiO2—Al,O3-rich area (zone 3) of Materials AZT 1500 and AZT 1600
Material y4{0)) MgO TiO, Al,O3
wt. % mol% wt. % mol% wt. % mol% wt. % mol%
AZT 1500 28.84 21.89 0.65 1.51 28.15 32.95 35.51 32.57
AZT 1600 34.79 26.14 0.58 1.33 33.44 38.75 23.27 21.12

pot Magn Dot WD ——— =20 um

0 1000x  SE 100 1 HKAST 43 1600

Fig. 4. Microstructure of the surface of Material AZT 1600, SEM micrograph, Fig. 5. Microstructure of the surface of Material AZT 1600, SEM micrograph,

magnification 1000x. magnification 300x.

zone 2 is a TiOp-rich area (light grey phase in Fig. 6) and  to 528 wt.% or 8.72mol% CaO. Due to a précise chemical
zone 3 is a ZrO-TiOy—Al,O3-rich area (dark grey phase in analysis this CaO has been identified as an impurity (approxi-
Fig. 6), Tables 3-5. In addition in zone 3 in several samples mately 0.3 wt.%) in the tabular Al, O3 starting powder. The XRD
Ca due to EDX has been identified, approximately equivalent micro-structural characterization identified besides Corundum

E?;))l? a6nalysis of the Al TiOs-rich area (zone 4) in Material AZT 1500
Material y4(0)) MgO TiO, Al O3

wt. % mol% wt. % mol% wt. % mol% wt. % mol%
Al TiOs

AZT 1500 - - - - 47.15
AZT 1600 - - - - -

50.60

41.93

35.27
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ZrO,-TiO,-AlLO; —rich zone 3
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Fig. 6. Microstructure of the surface of Material AZT 1600, SEM micrograph,
magnification 4000x.

Baddelyte, ZrTiO4 and CaZrTi;O7. The same phases due to
XRD as well as similar elements have been identified in Mate-
rial AZT 1500 sintered at 1500 °C. In addition Al, TiO5 has been
registered due to XRD. Fig. 7 presents the microstructure of
AZT 1500. Besides the zones 1-3 an Al,TiOs-rich area (zone
4) has been identified; Figs. 7 and 8, Table 6. Both Materials
AZT 1500 and AZT 1600 present micro-cracks in zone 3. This
Zr0,-TiO»—Al,O3-rich area seems to be a recrystallized melt
and contributes as “glue” between the Al,O3 grains.

3.2. Mechanical and thermal properties

In Fig. 9 the curves of the three point bending strength tests
of the honeycombs based on Materials AZT 1500 and AZT
1600 are plotted. Both materials present non-linear deformation
behaviour as a function of the applied stress. Fig. 10 presents
the three point bending strength results of rods and honeycombs
based on Material AZT 1600 and in Fig. 11 the bending strengths
of rods based on both materials. Surprisingly the high temper-
ature material fired at 1600°C (AZT 1600) achieves a lower
strength than the material fired at 1500 °C.

- 4
Zone 4 ———9 .

tMagn Det WD Dp F—— 10m
2000x  BSE 10.3 17068 HK - AZT 43 1500

Fig. 7. Microstructure of the surface of Material AZT 1500, SEM micrograph,
magnification 2000 .

AlTiQ#Tich a[ea&cine 4
o BN
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spet Magn

Fig. 8. Microstructure of the surface of Material AZT 1500, SEM micrograph,
magnification 5000x.
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Fig. 9. Three point bending strength tests of honeycombs based on the Materials
AZT 1500 and AZT 1600.

In Table 7 the mechanical properties of the Materials AL
1600, AZT 1500 and AZT 1600 are demonstrated based on rod
as well as on honeycomb specimens.

Material AZT 1600 as a full rod structure with approximately
42 vol.% porosity presents a very low Young’s modulus of elas-
ticity of 8.5 GPa. In comparison to Al,TiOs* (starting powder
type electrofused ATG 6, grain size <10 pm, samples slip casted
and sintered at 1450 °C) 70% less Young’ modulus of elasticity

25,00

20,00

15,00 1

10,00

Bending strength in MPa

5,00
H

0,00
Sintering temperature 1600°C

Fig. 10. Bending strengths of honeycombs (left) and rods (right) based on
Material AZT 1600 sintered at 1600 °C.
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Fig. 11. Bending strengths of rods based on Materials AZT 1500 and AZT 1600
sintered at 1500 and 1600 °C, respectively.

Table 7
Mechanical properties
AL 1600 AZT 1500 AZT 1600
oy (MPa)
Rods 522 + 8.6 23.6 + 2.6 152 +£2.5
Honeycombs 26.7 £ 5.6 56+03 4.6 £ 1.7
Egaticrr (GPa)
Rods 54 +9.6 177 £ 7.1 85+42
Honeycombs 28 + 6.6 6.1 £1.5 4.1 +0.7
Table 8
Thermal expansion coefficients («rT-1200 °C [107°K~1))
Rods
AL 1600 8.6
AZT 1500 8.30
AZT 1600 8.35

has been achieved. This low modulus of elasticity contributes to
improved thermal shock performance.

Very interesting are also the results dealing with the thermal
expansion. The doped materials present approximately the same
value of the thermal expansion coefficient as the undoped mate-
rial (Table 8). In addition in spite the fact that solid-solution areas
(zones 1-3) with micro-cracks (zone 3) have been incorporated
in the matrix no hysterisis of the thermal expansion curve is
observed as a function of the thermal cycles. Also after the ninth
thermal cycle the thermal expansion presents a linear behaviour,
Fig. 12. In comparison to Al,TiOs a hysterisis curve is always
observed during heating up and down.

3.3. Thermal shock tests

Fig. 13 shows the geometry of special honeycomb samples
(4mm x 6 mm x 45 mm with 12 channels) for the water quench-
ing thermal shock tests. Figs. 14 and 15 present the results of
the Materials AZT 1600 and AL 1600 after water quenching
thermal shock tests. Material AL 1600 loses more than 90% of
its strength if it is quenched from 200 °C into water (20 °C). The
residual four point bending strength of Material AZT 1600 is
approximately 65% of its initial strength after quenching in water

dlU/Lo /%
HK - AZT 43
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0.8

0.6
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T - . : :
200 400 600 800 1000 1200
Temperatur /°C

Fig. 12. Thermal expansion after nine cycles heating up to 1200 °C and cooling
down at room temperature.

Fig. 13. Cross section of special sample geometry for water quenching tests;
length of the samples 45 mm.

(20°C) from 400 °C. In a further thermal shock test approach
the honeycomb geometries as presented in Fig. 1 have been
shocked for 1000 thermal cycles by heating with 800 K/min
and cooling with 400 K/min, see in Fig. 16 schematic principle.
Material AZT 1600 performed approximately the same residual

Thermal shock test of AZT 1600 quenching in water
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Fig. 14. Residual strengths of AZT 1600 after thermal shock test with quenching
in water.
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Thermal shock test of AL1600 quenching in water
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Fig. 15. Residual strengths of AL 1600 after thermal shock test with quenching
in water.

Honeycomb A B C

150 mm

Fig. 16. Thermal shock gas burner construction (heating 800 K/min; cooling
400 K/min, thermocouples placed at positions A, B and C).

strength as its initial strength at room temperature. Material AL
1600 showed critical macro-cracks after 100 thermal cycles. No
residual strengths could be measured.

Fig. 17 presents the microstructure of AZT 1600. No visi-
ble critical macro-cracks can be identified. Fig. 18 presents a
magnification of Fig. 17. Monoclinic grains can be identified in
the ZrO; rich area, zone 1. Further ZrTiO4-precipitations due to
EBSD can be registered in the ZrO;-rich area. Very important
is the fact, that the micro-cracks in the ZrO,—TiO;—Al,O3-rich
area (zone 3) have remained in the same magnitude as before
thermal shock attack, compare Figs. 6 and 18.

Det WD Fxp

>V Spot Magn
v 3.0 10 1

Fig. 17. Surface microstructure of AZT 1600 after 1000 thermal cycles in a
special gas burner equipment, no critical cracks can be identified.

ZrTiO -precipitations in
zone 1

Micro-cra{kf
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Monoclinic ZrO, — grains

20.0 kY 3.0 bHO00x BSE 10.% 13072 HK AZT 43 Schock

Fig. 18. Magnification of the figure, the micro-cracks in zone 3 keep the same
magnitude as before the thermal shock test.

4. Discussion

The low Young’s modulus of elasticity of the new developed
fine grained porous alumina Material AZT 1600 contributes to
high rupture elongations as well as to improved thermal shock
performance. The rupture elongation for AZT 1600 is 0.1788%,
for AZT 1500 0.0299% and for AL 1600 0.0966%.

In Fig. 19 a thermal expansion coefficient model approach is
proposed in order to illustrate the effects of the different zones to
the mechanical and thermo-mechanical behaviour of the com-
posite structure of AZT 1600. In Table 9 the thermal expansion

Zone 1% : +6.6 10°%K
Zone 2%%: -4.18 10°%/K
Zone 3%*: +0.5 10K

ALO** ; +8.6 109K
ALO,

ALO,

Micro-cracks

Fig. 19. Model approach for the thermo-mechanical behaviour of the
microstructure of Material AZT 1600; *: data based on Aneziris et al.;!5 **:
data based on Virro-Nic et al.'#

Table 9
Thermal expansion coefficients of compositions performed by Virroo-Nic and
Pilling'*

Material ~ ZrO; (mol%)  TiO; (mol%)  AlLO3 (mol%) o (107°K™')
Al O3 100 8.6

A 65 20 15 —0.6

B 20 60 20 —4.18

C 40 40 20 0.5

D 20 20 60 —4.1
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coefficients of different melted composites are listed as per-
formed by Virro-Nic and Pilling.'* For zone 2 material B from
Table 9 has been selected as an equivalent composition accord-
ing to the EDX data from Table 4. For zone 3 material C also
from Table 9 has been selected. Further for zone 1 a partially
destabilised ZrO, material with a high amount of monoclinic
phase and low thermal expansion coefficient as presented in an
older work!® has been taken under consideration for the mod-
elling approach. Last but not least for the Al O3-matrix a thermal
expansion coefficient of 8.6 x 107¢ K~ has been selected.

According to Fig. 19 it is obvious that zone 1 tries to expand
during heating up and zone 2 suppress zone 1 because of its
negative thermal expansion coefficient. “Spring”-elements are
created in the composite alumina matrix, that contribute to the
high thermal shock performance during heating up as well as
cooling down. In spite of the fact that micro-cracks are gener-
ated in zone 3 — that additionally contribute to the thermal shock
performance — no micro-crack growth is observed after the ther-
mal shock cycling test. The ZrO,-TiO,—Al,O3-rich area (zone
3) seems to be a recrystallized melt and contributes as “glue”
between the Al,O3 grains and leads to a high coherence of the
structure.

The very low Young’s modulus of elasticity accompanied by
a linear thermal expansion contribute to the thermal shock per-
formance in spite the fact that the thermal expansion coefficient
of the Al,O3-matrix remains high (8.3 x 10~°K). It is assumed
that the linearity of the thermal expansion, the negative thermal
expansion coefficient in zone 2 in combination with the “glue”
effect contribute to the stability of the micro-cracks in zone 3. In
addition the Material AZT 1600 presents a non-linear mechan-
ical behaviour with a high flexibility. This behaviour increases
the performance of the material against thermal shock attacks.

By investigating further the sintering temperatures it has been
registered that already above 1300 °C TiO, as well as Al,O3
diffuse in the zirconia lattice and lead to the destabilisation of
zirconia. At high temperatures, although amphoteric and com-
paratively stable to both acid and basic oxides, zirconia can be
destabilised on prolonged contact with alumino silicate com-
pounds. The destabilisation of MgO partial stabilised zirconia is
enhanced by the presence of Si0;, TiO3, Fe;O3 and Al,O3. Itis
assumed that TiO; has been incorporated in the zirconia lattice
and a part of the MgO stabilising agent has been removed from
the zirconia cell and has been dissolved in zone 2. Through
the loss of the stabilising agent martensitic phase transforma-
tion occurs. The Ti** cations, as mentioned before,'> are not
randomly incorporated in the lattice but in preferred energetic
sites which cause a repulsion between the dopant cations and
the vacancies. The removal of the Mg?* out of the lattice is fol-
lowed by the energetically suitable dissolving reaction in the
TiO5-rich area, zone 2. The Ti** as well as AI>* do not stabilise
the zirconia. Due to the destabilisation and the transformation
to the monoclinic phase volume expansion occurs that lead to
new paths for incorporation of further ions in the zirconia lat-
tice. It is very interesting that approximately 8 wt.% TiO; (a
phase calculation due to the EDX quantitative identification of
the Ti-element) and 2.3 wt.% Al>O3 have been identified in the
ZrOs-rich area. Due to the high amount of Ti-ions in the zir-

conia ZrTiO4 precipitates are formatted at temperatures above
1500 °C in the ZrO;-rich area, zone 1.

5. Conclusions

The improvement of the thermal shock behaviour as well
as the thermal cyclic stability of fine grained porous alumina
based materials have been achieved due to Mg-PSZ and TiO;-
additions.

Especially a 95 wt.% porous alumina material has been pro-
duced with a very good thermal shock performance that allows
this material to be used in hot gas filtration applications for
instance such as an alternative material for diesel soot filters. In
order to achieve a very low Young’s modulus of elasticity a high
sintering temperature above 1500 °C is required. Due to the in
situ zirconia destabilisation and the formation of a TiO,-rich area
with a negative thermal expansion coefficient “spring-elements”
are generated in the alumina matrix.

In a future work the high chemical stability in hot gases in
comparison to traditional filter materials such as silicon carbide
as well as aluminium titanate will be presented.
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