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WO 2008/132157 PCT/EP 2008/055055 Ceramic material The invention
relates to a ceramic material which is particularly suitable for dynamic

ramic materials offer a wide range of possible applications
ﬁi?rﬁgg%%gs%ign 5 can be adapted to their intended use by thlg a%?:é eo 8/055055

addition of specific elements and/or compounds thereof. Aluminium oxide
and zirconium oxide, for example, are ceramic materials which,
individually or in combination with one another, can be processed into

cutting tools, catalyst supports oCpragihiesaat&réahmic materials are brittle
and therefore not generally suitable for dynamic 10 stresses, in particular

used by vibratjons and impacts. The object of the invention js to provide

R O o e P SR Bl B o SR LS sy for
s duéngteasasthat an aluminium oxide material of the composition
listed in the following table in a sintered compact is suitable as a 15

ial havina the ability to. absorh energy under dynamic stress. This e
e R e e e S BB R mpositon
cenfeetad gptstliibteibidengemnsse iy Witdnrastegyedsideptiohsigecific elements

BRCRSSRBMBYEN @S BErdBfaPRAHIN RIAIHGS 826 HHHHARL 1B,898Yi0r example,
armour. Material wt.% wt.% Zr%z 1 2& Cr203 0 1 Y203 (relative to
grgﬁed%nga L ﬁ)‘ﬁ'%%’.sm vidually or in combination with one another, can

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.

The object of the invention is to provide a ceramic material which is suitable for
dynamic stresses.

Surprisingly, it has been shown that an aluminium oxide material of the
composition listed in the following table in a sintered compact is suitable as a
material having the ability to absorb energy under dynamic stress. This material is
therefore particularly suitable for use as an armour ceramic, i.e. for the production
of components in which energy absorption is necessary, such as e.g. in armour
platings and particularly in body armour.

Material wt.% wt. %
ZrO; ' 18 28
Cra04 0

Y,0; (relative to ZrO;) 0

SrO 0

TiO, 0 0.5
MgQO 0 0.5

Aluminium oxide to make up to 100 wt.%
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MgO 0 0.5 Aluminium oxide to make up to 100 wt.% WO 20081132157
PCTIEP 20081055055 -2 The dominant structural component of a

teri jnation of this type is aluminium oxide. The
{&ggesﬁé/-ﬁ%%mining features, such as hardness, modulus of eﬁ’ggﬁgﬁfﬂosmssoss

and thermal conductivity, are therefore very close to the properties of
ure aluminium oxide. The components zirconium oxide and strontium

Renfiednsatstasiaal sampaneaiuphinitiatexidecamabiratine ehdhis type is
mamriﬁiﬁwatﬁ(it@@fwmdpw A Mﬁﬂgmﬁﬁfﬁd-féét@rﬁl,l%&@ﬁ@f tﬂi@lar%étymoduius
of the raw, materials, grain- u 'y pnases are on ormed to a .
0 e DR e R R BB B M0 cirgota i properties of
plate-Hkeninpstallived eplbirel sromphicanisakieca ndignitieals eodtsbutitinio aluminate
418 1867683848 HENIHAMINE 6UBBINSHIR ZHIGEPUNRXIERA8% e preferably

strontium aluminate contribute to the increase in fracture toughness, .
WHRchITs BB REEBY ARAER B R RigBePilly plideiamimaiarsrigrain-
bbesd zejnfbreseg compogdotsnestdt imasxinenesiyesinatiteangth. ha factetium

i . a Le. t 16
O e e e e B el i, P e =
gigniliganhicentitraticrdoWsen d anneiBBiem@et made of the material is
under high mechanical stress, mechanisms are surprisingly activated

wRichofRAbexame!SiriHRILPERIGR SIRFLHBIRRARANIAM TR m%imﬁer{j@@ﬁe

mechanism here is the stress-induced conversion of the zirconium oxide )
INSHE RS L ERBHER 45 e ReSRo MR pisRRO W § 9 kN ah BarparbrR raste with
heraiedoniinuoxidddas Jduiste taiviforting oongrsiosn ausedt thesfoimatage in

QoGP BB ERINETLARRRT 2V EIRE SPHIUYASSE e the damage tolerance, 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 monoclinic phase.
The volume expansion of the zirconium oxide associated with the conversion
causes the formation of local compressive stresses, which counteracts the
external tensile load and thus prevents 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 reinforce one another so that the effective
increase in fracture toughness is even greater than wouid be expected from the
simple addition of the individual mechanisms.
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external tensile load and thus prevents crack growth. Surprisingly, the
crack path is deflected by the embedded platelets, and so additional

rbed during crack propagation. 25 It may be regarded as a
specwﬁ fegﬁrg of the material according to the invention that Qg 2008/055055
mechanisms mutually reinforce one another so that the effective increase
in fracture toughness is even greater than would be expected from the
Srapptessditvatericoareaiinmisdissers el ow it S RpEsieRC T/EP

2008/055055 -3 A preferred material compaosition is listed below with its

propertiles: ED 4: Eoml Min| redkWsiRulkiBatchk 4fR%0103 Cr203 5rO

i;@g” 6F% RS Grai 123 | Riosspreesg260sustign ﬁhcsmadﬂ’ﬂ BAORLs Ke | Grain size
WEI Wittt wtos i3 MPR-We—-%-MPea-mS-pr—in-24:0-050

n 26 0 A SAE 0 NP2 5 md8m | mak 25.570.65°%). gpa m®?  pm

0.88r= 3 24.0/380h&2A1203| é6abent 0072.65701.% to 74.54 1A% makessyp | medium

the, halgnge, | impurities (due t the raw materials (< 0.05 wt.%)|are

. . R = (.58
nnccihlc but.are not listed :nnnmfplv owing to their small proportion. 5

T’H% WO@“M&&%?%%W“NB%J@M%% 5@' érdﬁl-’, ch]qm[:)unt;es

|nvent|0n takes lace y conventlonal ceramics tec e essentia

ArsiRthedpY ai%t%ya}ﬁo(ﬁr%(%ﬁé\ﬁo@)d%ﬁmm@% Wa&arﬂqrmte!@p%ﬁ@aaratefy
ocoripRitideiusingl! bopdersrio avoid sedimentation. 10 b) Homogenising

in a high-speed mixer.
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.

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

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) Green machining, largely fofming the final contours taking into account
the shrinkage on sintering.

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

j)  Hot isostatic pressing at high temperature and under high gas pressure,
resulting in almost complete final compression.

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

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




c¢) Grinding in an attrition mill, thus increasing the specific surface area of

the powder mixture (= comminution). d) Adding organic binders. e)

m%ﬁgmﬂ%gesulting in free-flowing granules with defined prolggﬁlcss'zojo%mssoss
oistening the granules with water. g) Pressing axially or isostatically.

h) Green machining, largely forming the final contours taking into account

the shrinkage on sintering. i) Pre-firing, during which shrinkage to approx.

pincorpesaifcBrilte shtrtues YoMpenRbritadmi resaleigldrethe green

8ret6lonesl dinibespuisibes s jpH IS estalis prefaing ahtighiemneialtfe material

and under hj S pressure, resulting in almast complete final

e S R S LR R B e toa o an

impaienesiopliie woppetasntuntissroeraniheproaieciad tushgdidésostatinodified
5 BRRINGntNg1Ard maghiningdyigungdingandoaishing: 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

pHEQE MonIingsNedusad B ibe imateiiehaaerrsding foréhenaprigian

sinirethgRnteashine MO EOAHIopetids LPEd¢R BAAREHIRRSRAIIAEMpeting

incorporate pet—lfke tructures or woven fabrics into thg material in t

h
T e AR L S S AR R e SR g Taguse as an

sfaonaeeramMidibadoes sageisg e sisiance certting elenitun withagspect to
10 halarand 18gE IR AMRMENSIRS HRnsrnsaigss RHERR MoRe sthered

matﬁgal mu tqot hecome modified . _ i
moduldings of aluminium oxiae, and high strength and high fracture toughness, i.e.

damage tolerance, are properties known from sintered mouldings of zirconium
oxide.



5 during sintering in a way that would damage the material. Sintered
mouldings produced from the material according to the invention
urprisingly_combine the best properties of each of the intrinsicall
W?o%ﬁés #i}"!rij}/sc%eramic materials aluminiu[% oxide and zirconium "ol ,
particularly for use as an armour ceramic: hardness, ageing resistance,
wetting behaviour with respect to 10 water and high thermal conductivity
kﬁfﬁr}ﬁoperties known from sintered mouldings of aluminium oxide, and
high strength and high fracture toughness, i.e. damage tolerance, are
1 profigsties inmatefiamctiatactdrived lidiniystaf zontmngy kB2 WIGR2A1,0,, 18 to
08/ ) ¥/ - EY : ' igl,
chal e O I e T S
0 o0t SWb4/CH#03 20806 % WhiB M- 2 wt.% SrO, 0 to 0.5 wt.% TiO2
and 0 to 0.5 wt.% MgO. 2. Ceramic material according to Claim 1,
2 chafaetandedvintdrédlibcontding 24 Oldion2b, Shdrdc @t DidGHatGl 3oniks 24.0

Cr203,8.50100 0,84 90 205 010 5 489,645 IRGHAIOLRIIS,

up to 100 wt.%. 3. Céramic material accordingto Claim 2, characterisé
that3fP MhdnPHieandrseenitima e pirMPy. Wt Beramic material
according to Claim 2 or 3, characterised in that the fracture toughness Ki,
3is = GesanaemiatebalGearding &nelkiac2ontin gttt @i dfiCtamh &2 tb-goint
chafpégg;ggqrgh%tigg MsiPMbRodulus is = 7. 6. Ceramic material

according to one of Claims 2 to 5, characterised in that the

2068/055055

4. Ceramic material according to Claim 2 or 3, characterised in that the fracture
toughness Ky is = 5.5 MPam®>.

5.  Ceramic material according to one of Claims 2 to 4, characterised in that the
Weibull modulus is = 7.

6.  Ceramic material according to one of Claims 2 to 5, characterised in that the
hardness HV10 is = 1740.

7. Ceramic material according to one of Claims 2 to 6, characterised in that the
density ED2000 is = 4.360 g/cm?®.

8.  Ceramic material according to one of Claims 1 to 7, characterised in that the
material is additionally interspersed with whiskers and/or fibres or net-like
structures or woven fabrics made of suitable materials.

9. Ceramic material according to one of Claims 1 to 8, characterised in that the
components zirconium oxide and strontium aluminate are embedded in the
aluminium-oxide matrix.

10. Ceramic material according to one of Claims 1 to 9, characterised in that the
strontium aluminate is present in the form of plate-like crystallites, platelets.

11. Sintered moulding obtainable from a ceramic material according to Claims 1
to 10.



hardness HV10 is = 1740. 7. Ceramic material according to one of Claims
2 to 6, characterised in that the density ED2000 is = 4.360 g/cm3. 8.
erial according to one of Claims 1 to 7, character]
t%e materlg‘ft is additionally interspersedgwith whiskers and/or fi eésposrla%mssoss
net-like structures or woven fabrics made of suitable materials. 9.
Ceramic material according to one of Claims 1 to 8, characterised in that
12ne Uspripioherreranaismmaasiaacaniding iamedmsninad & fereid ededdction of
in then@lsninsiiaxige matrix. 10. Ceramic material according to one of
Claims 1 to 9, characterised in that the strontium aluminate is present in

1:§he [% bﬁg #H@E?el"éﬁ% Qﬁﬁgﬁ%ﬁa@;@&? t&JCI§ é?%&f?‘?o”%%%flﬂe 8roduct|on of

obtaina om a ceramic material acco ingto Clams1 to1l
2009%@@@@%#@#%@@%59@&@@2@5@% BrieeMIAmimalass:
according to Claims 1 to 10 for the production of sintered mouldings. 13.

14seltddind tterarmiamiatereEbaet actogliogiaifiaiintd 3 Goiothth @ rdactetio o f
of %Bﬂ?%ﬂéﬁr‘(ﬂ t%ﬂigw% oc{p]%mr_gy under dynamic stress. 14.
Use of the ceramic material accordl to Claim 13 for the production of
armour platings, particularly body armour.



