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SINTERED BIOACTIVE CERAMIC COMPOSITE IMPLANT AND PREPARATION
THEREOF

TECHNICAL FIELD
The present invention relates to a sintered ceramic composite and a method of p

- reparing the same. More particularly, the present invention relates to a sintered bioacti

ve ceramic composite for implant having bioactivity similar to an apatite-related compou

nd and high strength, and a method of preparing the same.

BACKGROUND ART

Apatite-related compounds, which are calcium phosphate-based compounds, ha
ve crystallographic and chemical characteristics similar to various hard tissues such as
bones and teeth of vertebrata, and thus strongly bind to biotissues when they are trans
planted in a body. Hydroxyapatite (HA, Ca10(PO4)6(0OH)2) is known as a representati
ve apatite. There have been efforts to replace impaired teeth and bones with hydroxy
apatite by using its bioactivity. However, since mechanical properties such as strength

and fracture toughness of hydroxyapatite are poor, its use is limited to non load-bearin
g part such as auditory ossicle. To use hydroxyapatite having good bioactivity as a loa
d-bearing bioactive ceramic implant, various composites thereof were proposed.

Hydroxyapatite composites may be divided into a macfocomposite for improving
biocompatibility of metal implants by applying a hydroxyapatite coating layer to the surfa
ce of a metal base and a microcomposite for improving physical properties of a hydroxy
apatite matrix phase by adding a secondary phase having high strength to the hydroxya
patite matrix phase. However, both composites still have problems when applied to .th
e load-bearing implant.

In the case of the macrocomposite, the coating layer is peeled off due to a differ
ence in physical property between the metal base and the hydroxyapatite coating layer,
and the heat treatment in a coating process and a subsequent process resulits in a chan
gein the physical property of metal.

Meanwhile, the microcomposite is decomposed due to contact of the bioactive h

ydroxyapatite matrix phase and the bioinert secondary phase material during sintering t
1
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he composite. As a result, most of the bioactive hydroxyapatite matrix phase is conver
ted into a bioresorbable tricalcium phosphate (TCP, Ca3(P04)2), resulting in a reductio
n in bioactivity of the hydroxyapatite composite and a significant reduction in mechanica
| properties due to a change (decrease) in physical properties of the secondary phase.

To avoid these problems, Korean Patent No. 294008 discloses the formation of a barri
er layer on the surface of the secondary phase to prevent contact of the secondary pha
se and the HA matrix phase, which inhibits the decomposition of the hydroxyapatite mat
rix phase and increases the density of sintered material, thereby improving the mechani
cal properties of the composite. A sintered ceramic composite for implant prepared ac
cording to this method has mechanical properties at least three-times as high as those
of hydroxyapatite, but has still insufficient mechanical properties to be applied to the loa
d-bearing implant.

Currently, single phase zirconia (ZrO2) and alumina (AI203) are primarily
used as the load-bearing ceramic implant and a zirconia-alumina composite is being de
veloped. Zirconia and alumina are widely used as high strength and high toughness ¢
eramics. In addition, zirconia and alumina are known as bioinert materials which do no
tinduce a toxic reaction when being inserted to a human body and are used as a patell
ar and a femoral head, which are load-bearing bones, among impaired bones. These
bioinert ceramic materials cannot induce a chemical bonding with peripheral bones in a
human body, thus, should be mechanically locked. However, when a load is applied to

the implant after implantation, micro migration or movement of the implant occurs, whi
ch makes it difficult to secure initial immobility to peripheral tissues, and the implant is lo
osened due to trapping of fibrous tissues of a human body, resulting in a loss of functio
n of the implant. Thus, it is urgently required to induce an active reaction with a huma

n bone when the high strength bioinert ceramic is used as an implant.

DESCRIPTION OF THE DRAWINGS
The above and other features and advantages of the present invention will beco
me more apparent by describing in detail exemplary embodiments thereof with referenc
e to the attached drawings in which:
FIG. 1 is a schematic view of a polymeric network structure in which zirconium io
ns and aluminium ions are trapped during preparing the zirconia-alumina nano-composi

te-powder according to an embodiment of the present invention;
2
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FIG. 2 is a transmission electron microscope (TEM) image of a zirconia-alumina
nano-composite-powder used in a sintered bioactive ceramic composite for implant acc
ording to Example of the present invention;

FIG. 3 is a schematic view of the zirconia-alumina nano-composite-powder;

FIG. 4 is a scanning electron microscope (SEM) image of the sintered bioactive ¢
eramic composite for implant according to Example of the present invention;

FIG. 5A is a graph illustrating X-ray diffraction patterns of sintered bioactive cera
mic composites for implant according to Example of the present invention and Compara
tive Example;

FIG. 5B is a graph illustrating phase decomposition of hydroxyapatite based on t
he x-ray diffraction analysis results;

FIG. 6 is a graph illustrating 4-point bending strength with respect to the amount
of hydroxyapatite addition in the sintered bioactive ceramic composites for implant acco
rding to Example of the present invention and Comparative Example;

FIG. 7 is an SEM image of a sintered bioactive ceramic composite for implant ac
cording to Example of the present invention, on which osteoblastic cells are growing;

FIG. 8 is a graph illustrating the proliferation rate of osteoblast which is cultured o
n the sintered bioactive ceramic composite for implant according to Example of the pres
ent invention; and

FIG. 9 is a graph illustrating differentiation of osteoblast which is cultured on the
sintered bioactive ceramic composite for implant according to Example of the present in

vention.

DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM
The present invention provides a sintered bioactive ceramic composite for impla
nt, which has high strength and bioactivity, thereby securing initial immobility in a transpl
antation region.
The present invention also provides a method of preparing the sintered bioactive

ceramic composite for implant.

TECHNICAL SOLUTION

According to an aspect of the present invention, there is provided a sintered bioa
3
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ctive ceramic composite for implant, including the zirconia-alumina nano-composite-po
wder and an apatite-related compound, wherein zirconia primary particles having a parti
cle diameter of 10-50 nm and alumina primary particles having a particle diameter of 10
-100nm are sintered to form the nano-scale composite in a secondary particle state.

The apatite-related compound may be at least one compound selected from the
group consisting of hydroxyapatite, carbonateapatite, fluoroapatite, oxyapatite, fluorohy
droxyapatite, Sr-doped hydroxyapatite, Sr-doped carbonateapatite, Sr-doped fluoroapat
ite, Sr-doped oxyapatite, Sr-doped fluorohydroxyapatite, Mg-doped hydroxyapatite, Mg-
doped carbonateapatite, Mg-doped fluoroapatite, Mg-doped oxyapatite, Mg-doped fluor
ohydroxyapatite, Si-doped hydroxyapatite, Si-doped carbonateapatite, Si-doped fluoroa
patite, Si-doped oxyapatite, and Si-doped fluorohydroxyapatite.

The amount of the zirconia-alumina nano-composite-powder may be 50-99 vol%.

The amount of the apatite-related compound may be 1-50 vol%.

The content of zirconia in the zirconia-alumina nano-composite-powder may be 5
0-99.9 wi%.

According to another aspect of the present invention, there is provided a method
of preparing the sintered bioactive ceramic composite for implant, including: preparing a

zirconia-alumina nano-composite-powder; mixing the zirconia-alumina nano-composite
-powder with an apatite-related compound; and sintering the resulting mixture.

50-99 vol% of the zirconia-alumina nano-composite-powder may be mixed with 1
-50 vol% of the apatite-related compound.

The present invention will now be described in greater detail.

A sintered bioactive ceramic composite implant according to an embodiment of t
he present invention includes the zirconia-alumina nano-composite-powder and an apat
ite-related compound, wherein zirconia primary particles having a particle diameter of 1
0-50 nm and alumina primary particlé having a particle diameter of 10-100nm are sinter
ed to form the nano-scale composite in a secondary patticle state.

Herein, the term “nano-composite-powder” refers to powder produced by nano-si
ntering at least two primary particles of nano-sized metal oxide to form a composite in a

secondary particle state.

The apatite-related compound is in contact with the zirconia-alumina nano-comp
osite-powder and improves bioactivity of the composite. The apatite-related compoun

d may be represented by formula (1):
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Cao(PO4)6Zm (1)

where Z is OH, COs, F, or Fy(OH)1x (0<x<1); and m is a number satisfying a vale
nce, for example, 1 or 2. For example, hydroxyapatite may be represented by formula
Ca1o(PO4)s(OH)o.  In particular, hydroxyapatite has bioactivity to form a strong chemica
| bond with peripheral bone tissues when it is transplanted in a body.

Examples of the apatite-related compound include hydroxyapatite, carbonateapa
tite, fluoroapatite, oxyapatite, fluorohydroxyapatite, Sr-doped hydroxyapatite, Sr-doped
carbonateapatite, Sr-doped fluoroapatite, Sr-doped oxyapatite, Sr-doped fluorohydroxy
apatite, Mg-doped hydroxyapatite, Mg-doped carbonateapatite, Mg-doped fluoroapatite,

Mg-doped oxyapatite, Mg-doped fluorohydroxyapatite, Si-doped hydroxyapatite, Si-do
ped carbonateapatite, Si-doped fluoroapatite, Si-doped oxyapatite, Si-doped fluorohydr
oxyapatite, a mixture thereof, and a material which can be converted into apatite by sint
ering etc., i.e., a apatite precursor.

The zirconia-alumina nano-composite-powder is described in detail in Korean Pa
tent Application No. 2004-80356 and Korean Patent Application No. 2005-0094526, whi
ch are filed by the applicant of the present application. That is, zirconia primary particl
es having a particle diameter of 10-50 nm and alumina primary particles having a particl
e diameter of 10-100nm are sintered to form the nano-scale composite in a secondary
particle state.

The zirconia-alumina nano-composite-powder may further include an oxide of at
least one metal selected from the group consisting of yttrium, magnesium, calcium, ceri
um, niobium, scandium, neodymium, plutonium, praseodymium, samarium, europium, g
adolinium, promethium, and erbium.

The zirconia-alumina nano-composite-powder can control decomposition, which
occurs when it contacts with the apatite-related compound. .

When the apatite-related compound and zirconia are mixed in a general method
to form a sintered material, all the bioactive apatite-related compound is converted to bi
oresorbable tricalcium phosphate (Cas(PO4)2) due fo an interfacial reaction between the

apatite-related compound and zirconia, and thus a desired bioactivity cannot be expec
ted, and the density of the sintered composite is reduced due to decomposition of the a
patite-related compound and calcium oxide (CaO) which is a side product of reaction, in
duces phase transformation of zirconia, resulting in a reduction in mechanical property.

Meanwhile, the zirconia-alumina nano-composite-powder has a reduced surface
5
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area of zirconia particle to freely contact with the apatite-related compound, compared t
0 a mixed zirconia/alumina powder which conventionally ball-milled at the same compo
sitional ratio, thereby reducing decomposition of the apatite-related compound. In addi
tion, the zirconia-alumina nano-composite-powder improves the strength of the sintered
material by inhibiting growth of zirconia and alumina particles during sintering them.

The nano-composite-powder for zirconia-alumina sintered composite having the
optimum strength may include 50-99.9 wt% of zirconia. Most preferably, the nano-co
mposite-powder may include 80 wt% of zirconia and 20 wt% of alumina.

The amount of the zirconia-alumina nano-composite-powder in the sintered bioa
ctive ceramic composite may be about 50-99 vol%, preferably about 60-80 vol%. The
amount of the apatite-related compound in the composite may be about 1-50 vol%, pref
erably about 20-40 vol%. When the amount of the apatite-related compound is greate
r than 50 vol%, the strength of the sintered bioactive ceramic composite is reduced, whi
ch is not enough to be applied in load-bearing applicaitons.

Due to a limited interfacial reaction between the apatite-related compound and th
e zirconia-alumina nano-composite-powder, the bioactive apatite-related compound an
d the bioresorbable tricalcium phosphate co-exists in proper amounts, and thus the bior
esorbable tricalcium phosphate supplies a mineral ingredient of a new bone when osteo
blast reacts with the apatite-related compound to produce the new bone. Thus, biphas
ic calcium phosphate (BCP) having bioactivity much better than that of a single phase a
patite-related compound or a single phase tricalcium phosphate is produced.

In the sintered bioactive ceramic composite for implant, 0.1-60 parts by volumé o]
f the apatite-related compound may be converted into tricalcium phosphate.

A method of preparing the sintered bioactive ceramic composite for implant inclu
des: preparing a zirconia-alumina nano-composite-powder; mixing the zirconia-alumina
nano-composite-powder with an apatite-related combound; and sintering the resulting
mixture.

A method of preparing the zirconia-alumina nano-composite-powder includes: mi
Xing a mixed solution of polyhydric alcohol and carboxylic acid and a mixed solution of z
irconium salt and aluminium salt; heating the mixture to 100-300C to form a polyester
network structure in which zirconium ions and aluminum ions are trapped; and calcining

the resultant at 400-1000C.
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The mixed solution of polyhydric alcohol and carboxylic acid forms the polyester
network structure in presence of the mixed solution of zirconium salt and aluminum salt

Examples of the polyhydric alcohol include ethylene glycol, propylene glycol, diet
hylene glycol, triethylene glycol, dipropylene glycol, hexylene glycol, butylene glycol, gly
cerol, hydroquinone (p-dioxybenzene), catechol (1,2-dihydroxybenzene), resorcinol (res
orcin or 1,3-dioxybenzene), pyrogallol (1,2,3-trihydroxybenzene), 5-hydroxymethylresor
cinol (3,5-dihydroxybenzyl alcohol), phloroglucinol (1,3,5-trinydroxy benzene), and dihyd
roxybiphenol, with ethylene glycol being most preferable.

Examples of carboxylic acid include citric acid, benzenetricarboxylic acid, cyclop
entatetracarboxylic acid, adipic acid (1,4-butandicarboxylic acid), maleic acid (1,2-ethyle
nedicarboxylic acid), oxalic acid, succinic acid, tartaric acid (dioxysuccinic acid), mesac
onic acid (methylfumaric acid), glutaric acid (n-pyrotartaric acid), malonic acid, glycolic a
cid, malic acid, lactic acid, gluconic acid, fumaric acid, phthalic acid (o-benzenedicarbox
ylic acid), isophthalic acid (m-benzenedicarboxylic acid), terephthalic acid, m-hydroxybe
nzoic acid, p-hydroxybenzoic acid, salicylic acid (o-hydroxybenzoic acid), itaconic acid (
methylenesuccinic acid), citraconic acid, aconitic acid, galic acid, hydroxyethylethylened
iaminetriacetic acid (HEDTA), ethyleneglycoltetraacetic acid (EGTA), ethylenediaminete
traacetic acid (EDTA), glutamic acid, aspartic acid, and ethylenediaminetetrapionic acid

with citric acid being most preferable.

The molar ratio of the polyhydric alcohol and the carboxylic acid may be 10:90 to

90:10. When the molar ratio of the polyhydric alcohol and the carboxylic acid is not w
ithin the range, the polyester network structure to trap metal ions is loose and the size o
f unit cell increases, which significantly reduces part to produce a nano-composite-powd
er, resulting in a reduction in yield. ’

The zirconium salt and the aluminum salt may be chioride, nitrate, or hydroxide.

The weight ratio ofﬂthe 2ir§onia-alumina powder obtained from the oxidation of Zr

and Al ions to the mixed solution of polyhydric alcohol and carboxylic acid may be 10:1

to 10:999.9.

When the amount of the mixed solution of polyhydric alcohol and carboxylic acid
is not within the range, a desired zirconia-alumina nano-composite-powder cannot be fo
rmed.

The mixed solution of zirconium salt and aluminum salt may further include at lea

st one metal salt selected from the group consisting of yttrium, magnesium, calcium, cer
7
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ium, niobium, scandium, neodymium, plutonium, praseodymium, samarium, europium,
gadolinium, promethium, and erbium salts. The metals are included in zirconia to impr
ove the physical property of zirconia. The metal salt may be present in the zirconia at
a molar ratio thereof to zirconia of 0.0001-20:1 when it is transformed into an oxide.

Similarly to a network former and a network modifier in glass, the polyester netw
ork structure, which traps metal ions, may consist of a polymer network former and a m
etal cation network modifier.. The metal ions as a network modifier are uniformly distrib
uted in the polyester network in an atomic level. Generally, such a structure does not r
equire diffusion over a broad region in a subsequent process of forming metal oxides a
nd allows a stoichiometrically uniform single phase of metal oxide to be formed at a rela
tively low temperature.

To form the zirconia-alumina nano-composite-powder according to an embodime
nt of the present invention, zirconium and aluminum are introduced into the polyester n
etwork as metal ions.  Zirconium and aluminum ions are distributed in the polyester net
work as schematically illustrated in FIG. 1 and are oxidized by a subsequent thermal tre
atment to form primary particles of zirconia and alumina, which are sintered by successi
ve heat treatment to form a nano-composite-powder having a secondary particle form.

Since zirconia and alumina do not make solid-solution with each other, there is no pot
ential of forming a single compound. Thus, zirconium and aluminum ions can closely ¢
ontact with each other in the polymer network to form a nano-sized composite powder d
uring a subsequent thermal treatment. Unlike the present invention, when polymer is n
ot added to a metal ion solution, zirconium and aluminum salt particles are separately p
recipitated during thermally treating the metal salt solution and the precipitated metal sa
Its are oxidized in the subsequent calcining process to give zirconia and alumina powde
rs. The powder is composed of a mixture of micron-sized zirconia and alumina. The
size of zirconia particles is 100-200 nm, whereas that of alumina particles is 500 nm or
greater due to agglomeration of particles. The zirconia particles have tetragonal phase
and the alumina particles are agglomerated from primary particles. Therefore, a micr

oscopically uniformly mixed nano-composite-powder as in the present invention cannot
be obtained.

The polymer precursor, i.e., the mixed solution of carboxylic acid and polyhydric
alcohol is added to the mixed solution of zirconium salt and aluminum salt to form the zi

rconia-alumina nano-composite-powder. The zirconia-alumina nano-composite-powde
8
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r begins to be formed and the alumina and zirconia agglomerate is reduced. All secon
dary particles are clusters having a size of 100-200 nm. The zirconia-alumina nanoco
mposite contains nanocrystalline zirconia having a size of about 10-50 nm. A polymer
is added to a metal source (metal salt solution), which enables the polymer network to t
rap metal ions in a dissociated carboxy! group, thereby allowing the metal ions to remai
n adjacent to each other. ‘The polymer is removed and the nano-composite-powder is
formed by calcining the polymer network which traps zirconium ions and aluminum ions
at a température of 400-1000TC. That is, aluminum and zirconium ions are uniformly d
ispersed/mixed in the polyester network structure at a molecular level and many zirconi
um ions act as nuclei for zirconium oxidation and subsequent oxide crystallite growth.
The zirconia first grows into nano-sized particles and is dispersed and mixed with alumi
num, which is oxidized at a relatively high temperature, at a molecular level to form a si
ntered composite powder of zirconia nanoparticles and alumina nanoparticles.

The resulting zirconia-alumina nano-composite-powder is mixed with an apatite-r -
elated compound.

Examples of the apatite-related compound include hydroxyapatite, carbonateapa
tite, fluoroapatite, oxyapatite, fluorohydroxyapatite, Sr-doped hydroxyapatite, Sr-doped
carbonateapatite, Sr-doped fluoroapatite, Sr-doped oxyapatite, Sr-doped fluorohydroxy
apatite, Mg-doped hydroxyapatite, Mg-doped carbonateapatite, Mg-doped fluoroapatite,

Mg-doped oxyapatite, Mg-doped fluorohydroxyapatite, Si-doped hydroxyapatite, Si-do
ped carbonateapatite, Si-doped fluoroapatite, Si-doped oxyapatite, Si-doped fluorohydr
oxyapatite, and precusors thereof. The apatite precursor refers to a material which ca
n be converted into apatite after sintering, for example, octacalcium phosphate, amorph
ous calcium phosphate, etc.

The resulting mixture is sintered to form a sintered ceramic composite.

That is, the mixture is hot pressed at a temperature of 1300-1400°C under a pre

ssure of 10-30 MPa and an Ar gas atmosphere for 1-3 hrs.

The present invention will be described in further detail with reference to the follo
wing examples.  The following examples are for illustrative purposes only and are not

intended to limit the scope of the present invention.
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ADVANTAGEOUS EFFECTS
The zirconia-alumina nano-composite-powder is used as a matrix phase or a sec
ondary phase to inhibit the growth of particles during a sintering process, thereby obtain
ing high strength and reducing the interfacial reaction of zirconia and the apatite-related
compound during the sintering process. Thus, the zirconia-alumina nano-composit
e-powder can be effectively used when the improvement of mechanical properties is su
ppressed due to a serious interfacial reaction of the matrix phase and the secondary ph

ase.

BEST MODE
Example
Preparation of zirconia-alumina nano-composite-powder

Metal chloride was used as a cation source, and citric acid monohydrate and eth
ylene glycol were used as a polymer matrix.

AlCl3-6H,0, ZrCl,0-8H,0, YCl3-6H20 (available from Aldrich Chemical Co. Inc.,
Milwaukee, W1, USA), CgHsO7-H20 (CAM), and ethylene glycol (C2HsO2, EG) were use
d as starting materials. All materials except for YCl3-6HO were obtained from Kanto
Chemical Co Inc., Tokyo, Japan.

A stoichiometric mixture of Zr and Y sources (ZrO, doped with 3 mol% of Y203) a
nd an Al source solution were used as starting materials. The polymer matrix was com
posed of CAM and EG at a molar ratio of 33:67 and the total amount of polymer was 90

parts by weight based on 10 parts by weight of the metal oxide and the weight ratio of
alumina to zirconia was 0.25:1.
The metal sources were mixed with the CAM-EG solution. Then, the resulting

‘mixture was heated at 130C to facilitate esterification between CAM and EG. - As the

solution was cdncentrated, it became very viscous, and turned from colorless to yellow,
and then to brown in color. The resulting gel was dried, pulverized, and calcined at a t
emperature of 200-1000C. The calcined powder was analyzed with an X-ray diffracto
meter (M18XHF, Mac Science, Yokohama, Japan). The powder was analyzed with TE

M to inspect whether a nano-composite-powder was formed.

Preparation of sintered bioactive ceramic composite for implant

10
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60-90 vol% of the zirconia-alumina nano-composite-powder prepared above and
10-40 vol% of hydroxyapatite (Alfa Aesar Co., MA, USA) were mixed with each other, b
all-milled, and then dried before being filtered through a sieve. The obtained powder w
as molded in a graphite mold under a low pressure, and then hot pressed under a press

ure of 30 MPa at a temperature of 1400°C for 1 hr under an Ar atmosphere.

Comparative Example

Preparation of conventionally ball-milled ceramic composite of zirconia-alumina

Commercially available zirconia powder (TZ-3Y, Tosoh, Japan) and alumina pow
der (AKP 50, Sumitomo, Japan) with a particle diameter of 300 nm were conventionally
ball-milled with each other, and then ball milled and dried before being filtered through a

sieve. The obtained powder was hot pressed under the same conditions as in the ab
ove Example.

FIG. 2 is a TEM image of a zirconia-alumina nano-composite-powder used as a
matrix phase in the sintered bioactive ceramic composite for implant according to Exam
ple of the present invention. Referring to FIG. 2, black zirconia particles with a particle
diameter of about 10 nm were uniformly dispersed in the composite powder with a parti
cle diameter of about 100 nm. Alumina particles appeared to be a matrix phase of the
zirconia-alumina nano-composite-powder.

FIG. 3 schematically illustrated the zirconia-alumina nano-composite-powder and

the mixed zirconia-alumina powder.

More specifically, referring to FIG. 3A, white zirconia and black alumina are unifo
rmly distributed in the zirconia-alumina nano-composite-powder having a size of about
100 nm. Since only a small amount of nano-sized zirconia crystallites is present on th
e surface of the nano-composite-powder compared to the total amount of zirconia (80 w
%), when it forms the composite with hydroxyapatite, a contact area is reduced, which
can inhibit decomposition of the matrix phase. Meanwhile, referring to FIG. 3B, in the
case of Comparative Example, which used the powder prepared by simple mixing, a zir
conia powder having a particle diameter of about 300 nm as a matrix phase can freely ¢
ontact with hydroxyapatite so that a large amount of zirconia reacts with hydroxyapatite.

FIG. 4 is an SEM image of a sintered bioactive ceramic composite for implant ac
cording to Example of the present invention. This shows the microstructure of the com

posite consisting of the zirconia-alumina nano-composite-powder and hydroxyapatite.
11
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Light-colored small particles represent zirconia, heavy-colored long small particles repre
sent alumina, and large round particles represent hydroxyapatite (HA). The number of
micropores in the sintered material is small, which indicates high sintered density and

uniform distribution of particles of each component. '

FIGS. 5A and 5B are graphs illustrating the X-ray diffraction patterns of sintered
bioactive ceramic composite for implant according to Example of the present invention
and Comparative Example and HA decomposition based on the resuits.

Specifically, referring to FIG. 5A, (pure ZA) represents the case in which a zirconi
a-alumina nano-composite-powder without containing hydroxyapatite was sintered; (10
HA) represents a diffraction pattern of a composite containing 10 vol% of hydroxyapatit
e; and (30HA) represents a diffraction pattern of a composite containing 30 vol% of hyd
roxyapatite. In the zirconia-alumina nanocomposite without containing hydroxyapatite,

an alumina (A) phase was detected together with tetragonal zirconia (t-Z) without mon
oclinic or cubic zirconia. When hydroxyapatite was added, diffraction peaks of hydroxy
apatite (@) and tricalcium phosphate (4) were observed together with the tetragonal zir
conia and the alumina phase. As the amount of hydroxyapatite increased, the amount

of tricalcium phosphate slightly increased, but the amount of the bioactive hydroxyapat
ite was similar to that of the bioresorbable tricalcium phosphate so that they were prese
nt as biphasic calcium phosphate (BCP), which had optimum bioactivity.

FIG. 5B schematically illustrated the amount of produced tricalcium phosphate wi
th respect to the amount of hydroxyapatite in the bioactive ceramic composite (or the a
mount of decomposed hydroxyapatite) calculated based on the intensity of diffraction p
eak in the X-ray diffraction pattern. When 10 vol% of hydroxyapatite was added, appr
oximately 37% of tricalcium phosphate was produced, and when 20-30 vol% of hydroxy
apatite was added, approximately 50% of tricalcium phosphate was present in the com
posite. When 40 vol% of hydroxyapatite was added, approximately 60% of hydroxyap
atite was coverted into tricalcium phosphate.

FIG. 6 is a graph illustrating schematically 4-point bending strength of sintered bi
oactive ceramic composites for implant according to Example and Coniparative Exampl
e.

Specifically, the mechanical strength of the sintered bioactive ceramic composite

for implant which used the zirconia-alumina nano-composite-powder of Example of the

present invention and that of the sintered composite which used the simple mixture of
12
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zirconia and alumina of Comparative Example were measured. Referring to FIG. 6, w

hen hydroxyapatite was added, the strength of the sintered zirconia-alumina composite

decreased. However, when the simple mixture of zirconia/alumina powders was used

as a matrix phase, the strength of the sintered ceramic composite was significantly redu

ced compared to when the zirconia-alumina nano-composite-powder was used as the

matrix phase. This matched the description regarding the schematic view illustrated in
FIG. 3.

FIG. 7 is an SEM image of osteoblast which was cultured on the sintered bioactiv
e ceramic composite for implant according to Example of the present invention. This i
s the result of an experiment conducted to assess the bioactivity of the sintered compos
ite using osteoblast which generates human bone cells. As can be seen from the imag
e, the osteoblast is growing on the composite.

FIGS. 8 and 9 are schematic views for describing the improved bioactivity of the
sintered bioactive ceramic composite for implant according to Example of the present in
vention.

FIG. 8 is a graph illustrating the proliferation rate of osteoblast which was culture
d on the sintered bioactive ceramic composite for implant according to Example of the p
resent invention.

Specifically, as the content of hydroxyapatite in the sintered bioactive ceramic co
mposite increased, the proliferation of osteoblast was activated. This indicates that ost
eoblast exhibits higher proliferation in the bioactive ceramic than in the sintered zirconia
-alumina composite which is bioinert ceramic. In particular, when 40 vol% of hydroxya
patite was added, cell proliferation patiern is almost close to single phase hydroxyapatit
e was shown.

FIG. 9 is a graph illustrating differentiation of osteoblast which was cultured on th
e sintered bioactive ceramic composite for implant according to Example of the present
invention.

Specifically, as the amount of hydroxyapatite added to the composite increased,
the differentiation of osteoblast increased, which shows the same increase pattern as th
e result of the proliferation rate of osteoblast.

As can be seen from the above results, the zirconia-alumina nano-composite-po
wder inhibited effectively the interfacial decomposition reaction of zirconia and the apati

te-related compound to prevent significant decrease in the strength of the sintered cera
13



10

15

WO 2006/080741 PCT/KR2005/003363

mic composite and improve bioacitivity. Accordingly, the zirconia-alumina nano-compo
site-powder can be used as the matrix phase of the load-bearing sintered bioactive cera
mic composite for implant or as a secondary phase of non-load bearing sintered bioacti
ve ceramic composite for implant. In addition, hydroxyapatite can be used as the seco
ndary phase or matrix phase for improving the bioactivity of the sintered ceramic compo
site.

The compositional ratio of materials may vary depending on mechanical properti
es and biocompatibility required by part to which the sintered bioactive ceramic composi
te is applied.

The sintered ceramic composite according to an embodiment of the present inve
ntion contains the bioactive hydroxyapatite and bioresorbable tricalcium phosphate in pr
oper amounts, and thus has good biocompatibility and can be applied to a load-bearing

medical ceramic implant.

While the present invention has been particularly shown and described with refer
ence to exemplary embodiments thereof, it will be understood by those of ordinary skill i
n the art that various changes in form and details may be made therein without departin
g from the spirit and scope of the present invention as defined by the following claims.

14
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CLAIMS
1.
A sintered bioactive ceramic composite for implant, comprising a zirconia-alumin
a nano-composite-powder and an apatite-related compound, wherein zirconia primary p
articles having a particle diameter of 10-50 nm and alumina primary particles having a p
article diameter of 10-100nm are sintered to form the nano-scale composite in a second

ary particle state.

2.

The sintered bioactive ceramic composite for implant of claim 1, wherein the apa
tite-related compound is at least one compound selected from the group consisting of h
ydroxyapatite, carbonateapatite, fluoroapatite, oxyapatite, fluorohydroxyapatite, Sr-dope
d hydroxyapatite, Sr-doped carbonateapatite, Sr-doped fluoroapatite, Sr-doped oxyapat
ite, Sr-doped fluorohydroxyapatite, Mg-doped hydroxyapatite, Mg-doped carbonateapati
te, Mg-doped fluoroapatite, Mg-doped oxyapatite, Mg-doped fluorohydroxyapatite, Si-do
ped hydroxyapatite, Si-doped carbonateapatite, Si-doped fluoroapatite, Si-doped oxyap
atite, and Si-doped fluorohydroxyapatite.

3.
The sintered bioactive ceramic composite for implant of claim 1, wherein an amo

unt of the zirconia-alumina nano-composite-powder is 50-99 vol%.

4,
The sintered bioactive ceramic composite for implant of claim 1, wherein an amo

unt of the apatite-related compound is 1-50 vol%.

5.
The sintered bioactive ceramic composite for impiant of claim 4, wherein the am
ount of the apatite-related compound is 20-40 vol%.

6.
The sintered bioactive ceramic composite for implant of claim 1, wherein a conte

nt of zirconia in the zirconia-alumina nano-composite-powder is 50-99.9 wt%.
15
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7.

The sintered bioactive ceramic composite for implant of claim 1, wherein the zirc
onia-alumina nano-composite-powder further comprises an oxide of at least one metal
selected from the group consisting of yttrium, magnesium, calcium, cerium, niobium, sc
andium, neodymium, plutonium, praseodymium, samarium, europium, gadolinium, pro

methium, and erbium.

8.
The sintered bioactive ceramic composite for implant of claim 1, wherein 0.1-60

parts by volume of the apatite-related compound is converted into tricalcium phosphate.

9.

A method of preparing the sintered bioactive ceramic composite for implant, com
prising:

preparing a zirconia-alumina nano-composite-powder;

mixing the zirconia-alumina nano-composite-powder with an apatite-related com
pound; and

sintering the resulting mixture.

10.

The method of claim 9, wherein the preparing of a zirconia-alumina nano-compo
site-powder comprises:

mixing a mixed solution of polyhydric alcohol and carboxylic acid and a mixed sol
ution of zirconium salt and aluminium salt;

heating the mixture to 100-300 T to form a polyester network in which zirconium

ions and aluminum ions are trapped; and
calcining the resultant at 400-1000C.

11.
The method of claim 9, wherein 50-99 vol% of the zirconia-alumina nano-compo
site-powder and 1-50 vol% of the apatite-related compound are mixed.

16
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12.

The method of claim 9, wherein the apatite-related compound is at least one co
mpound selected from the group consisting of hydroxyapatite, carbonateapatite, fluoroa
patite, oxyapatite, fluorohydroxyapatite, Sr-doped hydroxyapatite, Sr-doped carbonatea
patite, Sr-doped fluoroapatite, Sr-doped oxyapatite, Sr-doped fluorohydroxyapatite, Mg-
doped hydroxyapatite, Mg-doped carbonateapatite, Mg-doped fluoroapatite, Mg-doped
oxyapatite, Mg-doped fluorohydroxyapatite, Si-doped hydroxyapatite, Si-doped carbona
teapatite, Si-doped fluoroapatite, Si-doped oxyapatite, and Si-doped fluorohydroxyapatit

e.

17
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