
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

33
8 

53
1

A
1

��&�����������
(11) EP 2 338 531 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
29.06.2011 Bulletin 2011/26

(21) Application number: 10460029.1

(22) Date of filing: 28.06.2010

(51) Int Cl.:
A61L 27/12 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO SE SI SK SM TR
Designated Extension States: 
BA ME RS

(30) Priority: 28.12.2009 PL 39004809

(71) Applicant: AKADEMIA GORNICZO-HUTNICZA 
im. Stanislawa Staszica
30-059 Krakow (PL)

(72) Inventors:  
• Paszkiewicz, Zofia

30-658 Krakow (PL)
• Slosarczyk, Anna

32-091 Michalowice (PL)
• Zima, Aneta

30-383 Krakow (PL)

(74) Representative: Magonska, Alina
AMAG Kancelaria Patentowa 
Alina Magonska 
ul. Dobrego Pasterza 108/106
PL-31-416 Krakow (PL)

(54) Method for fabrication of synthetic bioceramic implant material based on carbonate 
hydroxyapatites

(57) The invention solves the problem of fabrication
of synthetic hydroxyapatite bioceramics showing the
properties similar to the materials based on natural
bones.

The method for fabrication of carbonate hydroxyap-
atite powders involves the synthesis conducted by a
drop-wise addition of (NH4)2HPO4 solution in which a
carbonate compound is dissolved, preferably NH4HCO3
and/or NaHCO3 in the amount of 0.05 - 0.25 M, serving
as a source of CO3

-2 ions as well as Na+ incorporating
into hydroxyapatite structure, into an aqueous suspen-
sion of Ca(OH)2 containing the solution of a modifying
element salt, preferably magnesium, manganese, sodi-

um, titanium in the amount of 0 - 0.1 M, while maintaining
pH of the reaction medium above 10 using ammonia and
the amounts of the starting compounds are such to en-
sure Ca : P molar ratio equal to 1.55 - 1.95

The obtained gelatinous suspension of amorphous,
non-stoichiometric carbonate hydroxyapatite with
CO3

-2 , HPO4
-2 ions and ions of modifying elements in-

corporated in the structure, is subjected to the aging proc-
ess, decanted, filtered and then dried and ground which
results in the powder of the grain size below 60 Pm that
is eventually calcined at the temperature of 300  500°C.
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Description

[0001] The invention relates to the fabrication of bioce-
ramic implant material based on carbonate hydroxyapa-
tite that can be applied as bone substitute in orthopedics,
maxillofacial surgery and preventive dentistry.
[0002] Chemical and mineral composition of synthetic
hydroxyapatite is close to that of natural bone apatite
which is the main inorganic component of bones and
teeth. Current studies on hydroxyapatite are focused on
its modification with appropriate ions that would result in
the material of composition as close as possible to that
of natural bone apatite.
[0003] Incorporation of C03

2- groups into the anionic
sub-lattice allows to obtain carbonate hydroxyapatite
CHAp. CHAp-based bioceramics shows better oste-
ointegrating properties with respect to those exhibited by
hydroxyapatite not containing CO3

2- groups.
[0004] Magnesium is another possible modifier of hy-
droxyapatite structure making it closer to the natural one.
[0005] Polish patent No 154957 discloses the method
for fabrication of ceramic implant material which allows
to obtain pure, reactive hydroxyapatite powder from
which shaped implant articles are produced..
[0006] From Polish patent No 190486 the method for
fabrication of highly reactive calcium phosphate powders
is known, which involves the one-step precipitation of
calcium phosphate deposits by slow addition of H3PO4
solution into Ca(OH)2 suspension, while the amounts of
starting regents are such that CaO:P2O5 molar ratio is
1,5:1,66, pH of the reaction medium is maintained within
5-11, temperature within 18-90°C. Simultaneously, the
reaction suspension is vigorously stirred. Calcium phos-
phates are formed as gelatinous, amorphous precipi-
tates, in which Ca/P molar ratio is equal to 1,50-1,66.
These precipitates are then aged for several dozen hours
after which they transform into non-stoichiometric hy-
droxyapatite with HPO4

-2 ions in its structure. After filter-
ing, drying and grinding they are calcined at the temper-
ature of 700-900°C, which results in highly reactive pow-
ders being a mixture of HAp and TCP or a mono-phase
TCP powder.
[0007] From the literature (Journal of Material
Science : Materials in Medicine 9,1998 , 779-783) the
method of preparation of carbonate hydroxyapatite using
Ca(NO3)2 4 H2O, (NH4)2HPO4 and NaHCO3 (0,2 or 0,4
mole) as starting substances is known. From these pow-
ders, shaped articles are produced which are calcined
at the temperature of 800-1100°C in CO2 atmosphere.
Dense carbonate hydroxyapatite-based material is thus
produced whose relative density is equal to ca. 95%
[0008] The paper by Y. Doi et al. (Journal Biomedical
Materials Research 39 ,1998 603-610 ) describes a bi-
oresorbable bone substitute fabricated from carbonate
hydroxyapatite powders prepared from Ca(NO3)2;
Na2HPO4 and Na2CO3.
[0009] The powders were uniaxially pressed under the
pressure of 600 MPa into shaped articles which were

calcined at the temperature of 1200 and 750°C; thus
shaped articles of dense CHAp ceramics were prepared.
Studies showed close similarity of synthetic carbonate
hydroxyapatite to bone apatite.
[0010] US 4917702 patent discloses a material for fill-
ing bone, teeth and teeth roots defects as well as for
fabricating coatings on metallic implants which consti-
tutes apatite powder containing carbonate and alkaline
ions in its crystalline lattice.
[0011] The present invention has the object of working
out a method for fabrication of synthetic hydroxyapatite
bioceramics whose properties are similar to those of ma-
terials based on natural bone.
[0012] The method for fabrication carbonate hydroxya-
patite powders in a one-step process involves the syn-
thesis conducted by a drop-wise addition of (NH4)2HPO4
solution, in which a carbonate compound, preferably
NH4HCO3 and/or NaHCO3 is dissolved in the amount of
0.05  0.25 M, serving as a source of carbonate ions,
C03

-2 , as well as of Na+ incorporating into hydroxyapatite
structure, into an aqueous suspension of Ca(OH)2 con-
taining a solution of a modifying element salt, preferably
magnesium, manganese, sodium, titanium, in the
amount of 0 - 0.1 M, while maintaining pH of the reaction
medium above 10 using ammonia and the amounts of
reagents are such to ensure Ca : P molar ratio equal to
1.55 - 1.95. Gelatinous, amorphous suspension of non-
stoichiometric carbonate hydroxyapatite with incorporat-
ed CO3

-2 , HPO4
-2 and modifying element ions in its

structure is subjected to the aging process, decanted,
filtered, then dried and ground which leads to the powder
of grain size below 60Pm that can be eventually calcined
at the temperature of 300 - 500°C.
[0013] Powders of carbonate hydroxyapatite modified
with various elements obtained are shaped into implant
articles using known methods and then are subjected to
heat treatment in the temperature range of 600 to 950°C
in the presence of carbonate raw materials which intro-
duce CO2 during sintering.
[0014] Implant materials prepared from the powders
according to the invention are characterized by ca. 350°C
lower sintering temperature, due to which the implant ma-
terials produced show lower crystallinity degree, close to
that of natural apatites. Lower sintering temperature lim-
its the grain growth which is advantageous for implant
mechanical strength. Additionally, the material exhibits
high thermal stability (absence of CaO in the calcined
material).
[0015] Owing to multisubstitutions in cationic and an-
ionic sub-lattices (synergic effect), the prepared material
shows similarity to natural bone.
[0016] In tests conducted on animals, biomaterial ex-
hibits better osteointegration with respect to HAp not con-
taining CO3

-2 ions and other modifiers in its structure.
Additionally, as a synthetic material, it does not endanger
pathogens transmission.
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Example 1

[0017] Into Ca(OH)2 suspension prepared from 0.525
M CaO and 1 liter of distilled water, the solution prepared
from 0.3 M (NH4)2 HPO4 , 0.06 M (NH4)HCO3 and 0.04M
NaHCO3 is added while maintaining pH of the suspen-
sion at ∼ 11 using ammonia. After synthesis, reaction
suspension is left unperturbed for several hours during
which the aging process and sedimentation of gelatinous
precipitate proceed. Then the suspension is decanted
and centrifuged, then the densified precipitate is dried in
a drier at the temperature of 90°C and ground in a mill
to the powder of grain size below 60 Pm.

Example 2

[0018] Into Ca(OH)2 suspension prepared from 0.5 M
CaO and 1 liter of 0.006 M solution of magnesium acetate
containing 0.03 g manganese acetate, the solution pre-
pared from 0.3 M (NH4)2 HPO4 and 0.1 M (NH4)HCO3
is added. Reaction suspension is vigorously stirred at the
temperature of 20°C, while its pH is maintained at 10.5-11
using ammonia. After synthesis, suspension of gelati-
nous precipitate is subjected to the aging process, sed-
imentation and then the densified suspension after de-
cantation is centrifuged in a centrifuge, while washing
the precipitate with distilled water until the filter cake of
humidity in the range of 75 - 80 % is formed, which, after
drying at the temperature of 90°C, is ground and calcined
at the temperature of 500TC for 1 hour.

Example 3

[0019] Into Ca(OH)2 suspension prepared from 0.49
M CaO and 1 1 liter of distilled water and 0.008 M mag-
nesium acetate, 0.3 M solution of (NH4)2 HPO4 contain-
ing 0.08 M (NH4)HCO3 and 0.01 M NaHCO3 is added
drop-wise while maintaining pH of the suspension at the
level of 10.5 - 11 using ammonia solution.
[0020] After synthesis, suspension of gelatinous pre-
cipitate is subjected to the aging process and gravitation-
al sedimentation for 48 hours. Then the suspension is
decanted and densified in a centrifuge to a filter cake,
after which it is dried and ground to the appropriate grain
size fractions, advantageously to the powder of grain size
below 60 Pm.
[0021] From the powder obtained, shaped articles are
produced by uniaxial pressing under the pressure of 100
MPa and subjected to thermal treatment. For this pur-
pose, the shaped articles are placed in an alundum cru-
cible with cover into which 30 g of a dolomite powder is
added, after which the crucible content is sintered at the
rate of 200°C/h, while maintaining at the maximum tem-
perature of 880°C for 1 hour.

Example 4

[0022] From the powder obtained as in Example 3 and

after calcination, a slurry is prepared which is then soaked
in a polyurethane foam. Shaped articles after drying at
100 °C are placed in an alundum crucible into which 20
g of calcium carbonate was previously added. The sin-
tering process is conducted in an electric oven at the rate
of 100°C/h until the temperature of 600°C, and then to
900°C at the rate of 200°C/h, while maintaining at the
maximum temperature for 1 hour.

Claims

1. A method for fabrication of synthetic bioceramic im-
plant material based on carbonate hydroxyapatite
characterized in that the synthesis is conducted by
a drop-wise addition of (NH4)2HPO4 solution in
which a carbonate compound is dissolved, prefera-
bly NH4HCO3 and/or NaHCO3 in the amount of 0.05
- 0.25 M, serving as a source of CO3

-2 ions as well
as Na+ incorporating into hydroxyapatite structure,
into an aqueous suspension of Ca(OH)2 containing
the solution of a modifying element salt, preferably
magnesium, manganese, sodium, titanium in the
amount of 0 - 0.1 M, while maintaining pH of the
reaction medium above 10 using ammonia and the
amounts of the starting compounds are such to en-
sure Ca : P molar ratio equal to 1.55 - 1.95, the ob-
tained gelatinous suspension of amorphous, non-
stoichiometric carbonate hydroxyapatite with
CO3

-2 , HPO4
-2 ions and ions of modifying elements

incorporated in the structure, is subjected to the ag-
ing process, decanted, filtered and then dried and
ground which results in the powder of the grain size
below 60 Pm that is eventually calcined at the tem-
perature of 300 - 500°C.

2. The method of claim 1 characterized in that the
obtained carbonate hydroxyapatite powders modi-
fied with the appropriate elements are shaped into
implant articles by known methods, after which they
are subjected to thermal treatment in the tempera-
ture range of 600 to 950°C in the presence of car-
bonate raw materials which introduce CO2 during
sintering.
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