WO 2008/132157 PCT/EP 2008/055055 Ceramic material The invention relates to a ceramic material
which is particularly suitable for dynamic stresses. Ceramic materials offer a wide range of possible
applications. Their composition can be adapted to their intended use by the targeted addition of
specific elements and/or compounds thereof. Aluminium oxide and zirconium oxide, for example, are
ceramic materials yyhigfhgineiyidually or in combination with one another, can be processed into cutting
tools, catalyst supports or prostheses. Ceramic materials are brittle and thereforerpot:genamibseos s
suitable for dynamic stresses, in particular caused by vibrations and impacts. Embodiments of the
invention seek to provide a ceramic material which may be suitable for dynamic stresses. According to
a first aspect of the present invention, there is provided a use of a ceramic material for the production

of components with the ability to absorb energy upgesslypamigsigss, characterised in that the
ceramic material contains 72 to 82 M.% Al203, 18 to 28 wt.% Zr02, 0 to 1 wt.% Cr203, 0 to 6 wt.%

Y203 (relative to &rgqum%;ﬁignvyéig% rg, 0 t0 0.5 wt.% TiO2 and O to 0.5 wt.% MgO. According to a
second aspect of the present invent%n?othae% B IHE b ishdsceratiticlambtetiabfae the production

of armour plating ,yﬂgmwwmy armour, characterised in that the ceramic material contains 72 to
82 wt.% AI203, 18 to 28 wt.% Zr02, 0 to 1 wt.% Cr203, 0 to 6 wt.% Y203 (relative to 7r02), 0 to 2 M.%

Sr0, 0 to 0.5 wt.%&Fi@Riantkl:inl: Wi MRR- isingly, it has been shown that an aluminium
oxide material of the composii A 8’%@ 1Sr§b é?sﬂ%ft‘@%t%pmg@?iémabﬁtm a

%&tlgn{ Ii§ ed in the followin
material having the ability t6 ahsorb enetgs UAGErHm itbatiegsFtisddaterialfisptheneiorenenis
particularly suitatbl8Y6F GSERS Hi arthe e v herfoxibe BrRdsstion af.components in which

energy absorptioarisaaesessanySHER: 35 o8, mmipg}iE‘@%&%%;R%{}é,cﬂ“@%}% gjn;g%qu:i@fd?;h

be processed into cutting tools, catalyst Supports or prostheses

Ceramic materials are brittle and therefore not generally suitable for dynamic
stresses, in particular caused by vibrations and impacts

Embodiments of the invention seek to provide a ceramic material which may be
suitable for dynamic stresses.

Accor?ing to a first aspect of the present inveniion, there is provided a use of a
ceramic material for the production of components with the ability to absorb energy
under dynamic stress, characterised in that the ceramic material contains 72 to 82
W% ALOs. 1810 28 W% Z10;, 010 1 Wt% CroOs, 0 t0 6 W% Y,0, (refative to
Zr0s), 010 2 W% SrO, 0to 0.5 wt.% TiO; and 0 to 0.5 wt,% MgO.

According to a second aspect of the present invention, there is provided a use of a
ceramic material for the production of armour platings, particularly body armour
characterised in that the ceramic material contains 72 to 82 wt.% Al,O;, 18 to 2613

o,
wt.% ZrQO,, 0 to 1 wt.% Cr,03, 0 o 6 wt. % Y204 (relative to Zr0;), 0to 2 wt.% SrO o
10 0.5wt.% TiO, and 0 to 0.5 wt.% MgO. |

Surprisingly, it has been shown that an aluminium oxide materig] of the

composition listed in the following table in 2 sintered Sompact is suitable as a

material having the ability to absorb energy under dynamic stress. This material i
: is



Aluminium oxide to make up to 100 wt.% WO 2008/132157PCT/EP 2008/055055 - 2 - The dominant
structural component of a material combination of this type is aluminium oxide. The
property-determining features, such as hardness, modulus of elasticity and thermal conductivity, are
therefore very close to the properties of pure aluminium oxide. The components zirconium oxide and
strontium aluminate 5 are embedded in the aluminium oxide matrix. The raw materials are preferably
used in high purity. As a result of the high purity of the taw materials, grain-boundary phases are only
formed to an extremely small extent. The strontium aluminate forms characteristic plate-like
crystallites, platgietssyvhi ignifi tribution to the increase in strength. lo The
components zirc niu%v %)%%Iﬁl&a%nhg r&[%ﬁﬁgﬁ% Efn%%étg%gﬂtﬁmuﬁ:ﬁ@m&eia%efﬂﬁ fradeareitotighness,
which is about €§%’ﬁ?8ﬁ8‘? il iHe case Wit parsriiominiont esidey These 2eisfereing cemponents
result in an incré@éags sadrmtibylarfactobod abnessi2, and at the same time the damage tolerance,
i.e. the property of the component to retain high residual strength even with possible 15 damage, also
increases_ Whep.gestgiered compact made of fhe materral ig urderhigh-mechanical stress
mechanisms afe-surprisinghy-activated.which_for exampl&Lifhibit or st p crack prbpagation. The most
important mec héliiem here is the stress-induceld conversigg of the zirconium oxidegfrom the etragonal
to the monoclinrphase. 20 The volume expansion of the zjrconitum-oxide-asseciated-with the

conversion ca Wmmﬁmwwetrn ses, which tounteractd the exterrjal tensile
load and thus prevents Eagrotita) Surprisingly, the cra€k path is deflected by the embedded
platelets, and sorédditional energy is absorbed during cragk propagation. 251tmay beregargled as a
special featurevgbtgle material acc_:oraing to thejinvention that—thg%wg_ngecbaulsmzmm%einforce
one another sb-thatthe-effective-increase.in fracture tougtthess is eveh greater th&n would be

expected fro Ni%céimple addition of the indivigual mechanisms. - 3 - A preferreg materiar composition
is listed below with its properties:

Aluminium oxide to make up to 100 wt.%
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The dominant structural component of a material combination of this type is
aluminium oxide. The property-determining features, such as hardness, modulus
of elasticity and thermal conductivity, are therefore very close 1o the properties of
pure aluminium oxide. The components zirconium oxide and strontium aluminate
are embedded in the aluminium oxide matrix. The raw materials are preferably
used in high purity. As a result of the high purity of the raw materials, grain-
boundary phases are ondy formed to an extremely small extent. The stronfium
aluminate forms characteristic plate-like crystallites, platelets, which make a
significant contribution to the increase in strength.

The components zirconium oxide and strontium aluminate contribute to the
increase in fracture toughness, which is about 60% higher than is the case with
pure aluminium oxide. These reinforcing components result in an increase in
strength by a factor of almost 2, and at the same time the damage folerancs, i.e.
the property of the component to retain high residual strength even with possible
damage, also increases. ' ‘

When a sintered compact made of the material is under high mechanical stress,
mechanisms are surprisingly activated which, for example, inhibit or stop crack
propagation. The most important mechanism here is the stress-induced
conversion of the zirconium oxide from the tetragonal to the monociinic phase.
The volume expansion of the zirconium oxide associated with the conversion
causes the formation of local compressive stresses, which counteracts the
external tensile foad and thus preven‘té crack growth.

Surprisingly, the crack path is deflected by the embedded platelets, and so
additional energy is absorbed during crack propagation.

it may be regarded as a special feature of the material according to the invention
that the two mechanisms mutually reinfarc:é one another so that the effective
increase in fracture toughness is even greater than would be éxpected from the
simple addition of the individual mechanisms.



wt % wt% wt.% gicin 3 MPaMPa % M Pa me-5 Pm min24.0 .50 0.26 0.70 4.360 1000 700

-3 -

A preferred material composition is listed below with its properties

53 ED | 4-point | Min. break, Weibuli . o
Satch, | Zr0x YO | CraOst S¢0 2000 | strength] strength | modulus HY10| mono Kic Grain size
PL spees
WE.%)| Wi %! WE% | wt.% glen®l  MPa MEa . - % IMPam™®  um
min 1240|0501 026 | 0.70]4.360| 000 700 7 |4740; 10 | 55 | medium
max 1255085] 0.35|0.85] = = z 2 < z 0.58

The AlLO; content of 72.65 wi.% to 74.54 wt.% makes up the balance. Imputities
due 1o the raw materials (< 0.05 wi.%) are possible, but are not listed separately

owing to their small proporfion.

The production of sinfered mouldings from the maierial according o the invention
fakes place by conventicnal ceramics technology. The essential process steps
are:
a) Adding the powder mixture {o water in the specified composition, using
figuefiers to aveoid sedimentation.
b} Homogenising in a high-speed mixer.

¢y Grinding in an attrition mill, thus increasing the specific surface area of
the powder mixiure (= comminution).

d) Adding organic binders.

e) Spray-drying, resuliing in free-flowing granules with defined properties.
fy  Moistening the granules with water.

g) Pressing axially or isosta%ticaiiy.

hy  Green machining, largely forming the final contours taking into account
the shrinkage on sintering.

iy Pre-firing, during which shrinkage to approx. 98% of the theoretical
density occurs. Any remaining residual pores are closed {o the outside.

I} Hot isostatic pressing at high temperature and under high gas pressufe
resulting in almost complete final compression.

k) So-called white firing, resuliing in equalisation of the imbalance of the
oxygen ions in the ceramic produced during hot isostatic pressing.

) Hard machining by grinding and polishing.
m) Annealing.
The properties of the sintered moulding made of the material according to the

invention can be further reinforced by means of inclusions. Thus, it is possible to
mix whiskers and/or fibres into the material before shaping a sintered compact, or
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to incorporate net-like structures or woven fabrics into the material in the green
state. The whiskers, fibres or nets or woven fabrics must be made of a material
which does not interact with the ceramic material in a way that would lead to an
impairment of its properties. Furthermore, the material must not become modified
during sintering in a way that would damage the material,

Sintered mouldings produced from the material according to the invention
surprisingly combine the best properties of each of the intrinsically competing
ceramic materials aluminium oxide and zirconium oxide, particularly for use as an
armour ceramic: hardness, ageing resistance, wetting behaviour with respect to
water and high thermal conductivity are properties known from sintered
mouldings of aluminium oxide, and high strength and high fracture toughness, i.e.
damage folerance, are properties known from sintered mouldings of zirconium
oxide.



The Al203 content of 72.65 wt.% to 74.54 wt.% makes up the balance. Impurities due to the raw
materials (< 0.05 wt.%) are possible, but are not listed separately owing to their small proportion. The
production of sintered mouldings from the material according to the invention takes place by
conventional ceramics technology. The essential process steps are: a) Adding the powder mixture to
water in the specified composition, using liquefiers to ‘avoid sedimentation. b) Homogenising in a
high-speed mixer. c) Grinding in an attrition mill, thus increasing the specific surface area of the
powder mlxturg:i minution). d) Adding organic binders. e) Spray-drying, resulting in free-flowing

granules with defined properties. f) Moistening the granules with water. g) Pressing axially or
isostatically. h)!GreefftnacRiffig & gedfFoargliRa findlebptobl staMRG Gfte Aol vdistinkage

on sintering. i) Pre- fmfﬂwﬁwwmﬁh@mmmm@@@r@haﬁé&/@%&wm@@w&@mﬁi&y occurs. Any
remaining residual ROLeS are.c f%%%dgt?#qg gén\%d(?l é%g?% z%sogt%%?gfslgg? Ia%\ g/?rature and

under high gas pressure, resultln In almost com mpression. K) 30- cal ite firing,

resulting in equalisatioRef $He i@rfb”afézn\ééﬁf(ﬂ%&%@rﬁéﬁé if fﬁe?défra(ﬁrﬁ ‘Bréﬁtﬁt@@dﬁnﬁg hot
isostatic pressing. TiQ; and 0 to 0.5 wt.% MgO.

2. Use of a ceramic material for the producticn of armour platings, particularly
body armour, characierised in that the ceramic material contains 72 to 82
wi.% AlbOs, 18 10 28 wt.% ZrO;, 0o 1 wi% CrOs, 0 to 6 wt.% Y05 (relative
10 2103}, 610 2 wi.% SrC, 010 0.5 wit.% TiO;, and O to 0.5 wi.% MgO.

3. Use of a ceramic material according to Claim 1 or 2, characterised in that the
ceramic material contains 24,0 to 25.5 wt.% Zr05, .26 10 0.35 wi.% Cr0s,
0.50 {o 0.6 wt.% Y03, 0.7C to 0.85 wt. % SrO and AL Oz fo make up to 100

wit. %%

4. Use of a ceramic material according {o Claim 1 to 3 |, characterised in that
the 4-point flexural strength of the ceramic material is 2 1060 MPa,

5. Use of a ceramic material according to Claim 1 to 4, characterised in that the
fracture toughness K, of the ceramic material is 2 5.5 MPam®®.

6. Use of a ceramic material according to one of Claims 1 fo 5, characterised in
that the Weibull modulus of the ceramic material is 2 7.

7. Use of a ceramic material according to one of Claims 1 io 8, characterised in
that the hardness HVY10 of the ceramic materiaiis 2 1740.

8. Use of a ceramic material according to one of Claims 1 to 7, characterised in
that the density ED2000 of the ceramic material is = 4.360 glcm®,

9. Use of a ceramic material according {o one of Claims 1 to 8, characierised in
that the ceramic material is additionally interspersed with whiskers and/or

fibres or net-like structures or woven fabrics,

10. Use of a ceramic material according to one of Claims 1 fo 9, characterised in
that components zirconium oxide and strontium aluminate are embedded in
an aluminium-oxide matrix of the ceramic material.



l)Hard machining by grinding and polishing. m) Annealing. The properties of the sintered moulding
made of the material according to the invention can be further reinforced by means of inclusions. Thus,
it is possible to mix whiskers and/or fibres into the material before shaping a sintered compact, or to
incorporate net-like structures or woven fabrics into the material in the green state. The whiskers,
fibres or nets or woven fabrics must be made of a material which does not interact with the ceramic
material in a wa th@t g\_lgyladc!epad mt% %Qait@%qig}?gd}gmﬁ:}%qﬁq&%tipﬁ. MFQS{@QQE@ m@hg}aﬁ%ial_ must not
become modified 5 d%rlng sintering in a way that would damage the material. Sintered mouldings
produced from the AiEBHANaBlERdEEHEIRTERIETRIPRIMY R EsR i i Yo ripiies of each
of the intrinsically corapstisg:neranppmiaterials aluminium oxide and zirconium oxide, particularly for
use as an armour ceramic: hardness, ageing resistance, wetting behaviour with respect to 10 water
and high thermal conductivity are properties known from sintered mouldings of aluminium oxide, and
high strength and high fracture toughness, i.e. damage tolerance, are properties known from sintered
mouldings of zirconium oxide. - 5 - Claims 1. Use of a ceramic material for the production of
components with the ability to absorb energy under dynamic stress, characterised in that the ceramic
material contains 72 to 82 wt.% Al203, 18 to 28 wt.% 7r02, 0 to 1 wt.% Cr203, 0 to 6 wt.% Y203
(relative to Zr02), 0 to 2 wt.% Sr0, 0 to 0.5 wt.% TiO2 and 0 to 0.5 wt.% MgO0. 2. Use of a ceramic
material for the production of armour platings, particularly body armour, characterised in that the
ceramic material contains 72 to 82 wt.% Al203, 18 to 28 wt.% Zr02, 0 to 1 wt.% Cr203, 0 to 6 wt.%
Y203 (relative to Zr02), 0 to 2 wt.% Sr0, 0 to 0.5 wt.% TiO2 and 0 to 0.5 wt.% MgO0. 3. Use of a
ceramic material according to Claim 1 or 2, characterised in that the ceramic material contains 24.0 to
25.5 wt.% 7r02, 0.26 to 0.35 wt.% Cr203, 0.50 to 0.6 wt.% Y203, 0.70 to 0.85 wt.% Sr0 and Al203to
make up to 100 wt. %. 4. Use of a ceramic material according to Claim 1 to 3, characterised in that



the 4-point flexural strength of the ceramic material is? 1000 MPa. 5. Use of a ceramic material
according to Claim 1 to 4, characterised in that the fracture toughness Kic of the ceramic material is ?
5.5 MPam 5. 6. Ugg,of,a.¢eramic material according to one of Claims 1 to 5, ch ed in that the
Weibull modulus of the ceramrig(]:H material is ? 7. 7. Use qf;a ceramic material acco?‘cﬁl:'lghS ?08(50550
Claims 1 to 6. characterised in that the hardness HV10 of the ceramic material is ? 1740. 8. Use of a
ceramic material according to one of Claims 1 to 7, characterised in that the density ED2000 of the
ceramic material is ? 4.360 g/cm3. 9. Use of a ceranfi®fissial according to one of Claims 1 to 8,
characterised in that the ceramic material is additionally interspersed with whiskers and/or fibres or
net-like structures e wolem fidnivs. €48. histeof adcbranfio-mate iaracatyding 4bieer dfyGlaims 1 to 9,
characterised i (B3kSQEDANBRIAIGPBMIBLKIAR AN RIRDAHIANIIRIP A PLNRBATRD A0

aluminium-oxide matrlx of the ceramijc material. 1. Use of a ceramic material according to Claim
10, characterised Th &t tHE épﬁ%%ﬁ i RRTREH ﬁi%%%ﬂé%%%&‘fe?i&@ﬁf@s@ﬁf%tﬁ@?@% of
platelike crystallit&4itpEitetets At end etapnidumeabrialoaire brittle and therefore not generally
suitable for dynamic stresses, in particular caused by vibrations and impacts. The invention therefore
proposes a material composed of a large fraction of aluminium oxide together with zirconium oxide
and strontium aluminate.



