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In aceastd lucrare este prezentati o metodi h

sinteza a unui biomaterial ceramic de tipul hidroxiapatitei,
Cayo(PO,)¢(OH),, componentul mineral al tesuturilor dure din
organismele vii. Pulberile de hidroxiapatita au fost obtinute
prin metoda de coprecipitare chimica, prin utilizarea
hidroxidului de calciu si a acidului ortofosforic ca surse de
calciu si fosfor. Pulberile obtinute au fost caracterizate prin
intermediul difractiei de raze X, metodei de difuzie dinamica
a luminii (DLS) si a microscopiei electronice cu baleiaj
(SEM). Metoda propusd a condus la obtinerea unei

tuturor probelor tratate termic la 800°C.

eroxiapatite cu o cristalinitate mai mare de 80%, in cazy

In this paper is presented a synthesis method
of calcium phosphate bioceramics such as hydroxiapatite,
the mineral component of bones and hard tissue in
mammals. Hydroxyapatite powders have been obtained by
chemical coprecipitation, by using calcium hydroxide and
ortophosphoric acid as a source of calcium and
phosphorus. The synthesized powders were characterized
by X - ray diffraction, dynamic light scattering technique
(DLS) and scanning electron microscopy (SEM). The
proposed method lead to obtain a hydroxyapatite with a

degree of crystallinity, greater than 80%, in case of all
Qmples thermal treated at 800°C. /
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1. Introducere

Hidroxiapatita, componenta minerald a
tesuturilor dure din organimele vii, a reprezentat
subiectul a numeroase cercetari in decursul
ultimilor 40 de ani. Bioceramicile pe baza de
hidroxiapatitd prezinta un interes deosebit pentru
aplicatiile clinice, datorita inaltei biocompatibilitati cu
tesutul osos [1]. Hidroxiapatita este cel mai stabil
compus fosfocalcic in solutiile apoase. Solubilitatea
sa este influentatd de anumiti factori, cum ar fi
raportul molar Ca/P, gradul de cristalinitate,
dimensiunea particulelor, prezenta unor impuritati in
structura sa cristalina (de exemplu grupari
carbonat, ioni de clor, fluor sau magneziu etc.).

Acest biomaterial poate fi sintetizat prin mai
multe rute tehnologice: prin procesarea unor
tesuturi dure din structura mamiferelor sau corali
[2-3], sau prin intermediul sintezei de laborator.
Metodele care stau la baza sintezei pe cale chimica
a hidroxiapatitei, au constituit subiectul a
numeroase lucrari in domeniul biomaterialelor. Cele
mai cunoscute metode sunt: coprecipitarea chimica
[4-6], reactile de sintezd in stare solida [7-8],
metodele hidrotermale [9-12], procesele sol-gel
[13-14], sinteza Tn camp de microunde [15-16] s.a.

Din punct de vedere clinic, hidroxiapatita
poate fi utilizatda sub diferite forme: ca pulbere
sinterizata, in stare compacta sau poroasa, pentru
aplicatii de acoperire, ca material bioactiv a unui
suport bioinert, ca material de umplutura in cazul
grefelor de os, sau ca material compozit de tip
hidroxiapatita — polietilena.
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1. Introduction

Hydroxyapatite, the mineral component of
bones and hard tissue in mammals, has been the
subject of much research over the last 40 years.
Hydroxyapatite ceramics are of considerable
interest for clinical applications due to their high
biocompatibility with hard tissues, particularly, bone
and teeth tissue [1]. Hydroxyapatite is the most
stable calcium phosphate in an aqueous solution,
they solubility depend on numerous factors such
as: Ca/P ratio, crystallinity degree, particle size and
foreign ions such as carbonates, fluorine, chlorine
or magnesium ions, which are often present in
hydroxyapatite as impurities.

This material can be obtained from various
techniques, most important are: processing of hard
tissue from mammal or coral [2-3], and laboratory
synthesis. Methods underlying the synthesis of
hydroxiapatite, by chemical route were the subject
of numerous works on biomaterials field. Most
known methods are chemical coprecipitation [4-6],
reactions in solid state [7-8], hydrothermal methods
[9-12], sol — gel process [13-14], microwave
processing [15-16] etc.

Clinically, hydroxyaptite may be used in a
variety of physical forms: as a sintered ceramic
powders, block or porous forms, coating
applications, particularly, bioactive coatings on a
bioinert implant, or as filler phase in case of bone
graft substitute, polymer — ceramic composite
material, such as hydroxyapatite — polyethylene.
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Utilizarea unui astfel de material in aplicatiile
medicale presupune obtinerea acestuia cu anumite
valori standard impuse. Din acest motiv, anumiti
parametri calitativi trebuie sa fie riguros controlati
cum este, de exemplu, compozitia fazelor cristaline
si gradul de cristalinitate [17]. Difractia cu raze X
este o metoda des folosita Tn determinarea
compozitie de faza si a gradului de cristalinitate,in
general, dar si in cazul bioceramicilor fosfocalcice.

Gradul de cristalinitate si compozitia fazelor
cristaline depind in mare masura de parametrii
alesi ai rutelor tehnologice utilizate in sinteza
hidroxiapatitei. Totodata acesti parametri
influenteaza raspunsul biologic dat de biomaterialul
folosit ca implant [17].

Scopul acestei lucrari este de a descrie o
metoda de obtinere a hidroxiapatitei prin procedeul
de coprecipitare chimica. Totodata s-a urmarit
obtinerea unui produs cu un finalt grad de
cristalinitate si puritate.

Adoptarea acestei metode de obtinere tine
seama de principalele avantaje oferite [18-19]:

e utilzarea unor solutii apoase;

¢ probabilitatea contaminarii acestora Tn timpul
procesului de sinteza este foarte scazuta;

¢ metoda impune un cost de productie relativ

scazut.

Totodata, metoda aleasa in cazul de fata
este una destul de simpla, nepoluanta si potrivita
pentru a fi realizata pe scara larga.

Dezavantajele aduse de utilizarea acestei
rute tehnologice constau in solubilitatea relativ
scazuta a hidroxidului de calciu si viteza de aditie a
acidului fosforic, care trebuie sa ramana suficient
de scazuta in vederea evitarii cregterii aciditaii
mediului de reactie, avand drept consecinta
formarea unor produsi de reactie precum
hidrogenfosfatul de calciu.

Tratamentul termic aplicat are scopul de a
preveni sau limita descompunerea hidroxiapatitei,
obtinute prin acestd metoda, in alti compusgi
calcofosfatici, cum ar fi fosfatul tricalcic - .

2. Modul si metodele de lucru

Sinteza hidroxiapatitei s-a realizat prin
coprecipitare chimica, iar precursorii folositi au fost
hidroxidul de calciu, de provenientd Acros
Organics - Belgia, de puritate 99,4% si acidul
ortofosforic, de provenientd Fisher Chemical -
S.U.A., sub forma de solutie cu concentratia de
86,14%.

Reactia chimicd care std la baza acestei
sinteze este urmatoarea:

10Ca(OH), + 6H5PO, — Cayo(PO4)s(OH), + 18H,0

in vederea obtinerii unei hidroxiapatite de
compozitie  stoechiometrica s-a preparat o
suspensie de 4,2% Ca(OH), in apa distilata si o
solutie de 0,18 M acid ortofosforic.

The use of such material in medical applica-tions
required compliance with the standard values. For
this reason, the crystalline phase present in the
calcium phosphate ceramics and the degree of
crystallinity must be controlled [17]. X-ray
diffraction is a commonly used method for
determining the phase composition and degree of
crystalline, in case of calcium phosphate
bioceramics.

Both the cristallinity and the cristalline phase
composition depend on the chosen parameters of
technology used in the synthesis of
hydroxyapatite. These parameters also affect the
biological response given by the implant [17].

The aim of this work is to describe a method
for obtaining hydroxyapatite by chemical
coprecipitation. Another goal was to obtain a
product with a high degree of crystallinity and
purity.

The choices of this method take account of
the main advantages of wet chemical synthesis
[18-19]:

e use of aqueous solution;

e probability of contamination during
processing is very low;

e |ow processing costs.

Also, the method chosen in this case is quite
simple, non-polluting by nature and suitable for
large scale production.

Disadvantages arising in the use of this
procedure consist of relatively low solubility of
calcium hydroxide and phosphoric acid addition
rate, which must remain sufficiently low in order to
avoid increasing acidity of the reaction
environment. In this case the reaction products is
formed, such as calcium hydrogen phosphate.

The heat treatment is applied to prevent or
limit the decomposition of hydroxyapatite powders
obtained by this method in other calcim phosphate
compounds, such as p - tricalcium phosphate.

2. Experimental procedure

Hydroxyapatite = was  synthesized by
chemical coprecipitation method. As the starting
reagent, analytical grade calcium hydroxide,
Ca(OH), (99.4%, Acros Organics, Belgia) and
orthophosphoric acid, H;PO, (86.14%, Fisher
Chemical, U.S.A) were used.

The chemical equation that describes the
reaction is :

10C3(OH)2 + 6H,PO, — Ca10(PO4)6(OH)2 + 18H,0

In order to obtain a stoichiometric
hydroxyapatite a suspension of 4.2% Ca(OH); in
distiled water and a solution of 0.18 M
orthophosphoric acid was prepared.

For obtaining a hydroxyapatite slurry, H;PO,
solution was added by drop wise, for the 1 - 2
hours over the suspension based on Ca(OH),, in
conditions of intense stirring. In order to obtain a
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Pentru obtinerea unui precipitat gelatinos
solutia preparata de acid ortofosforic este adaugata
prin picurare, timp de 1 - 2 ore peste suspensia de
hidroxid de calciu, care este agitatd intens. In
vederea mentinerii unui pH = 10,5, cu scopul de a
obtine o hidroxiapatita stoechiometrica, adica un
raport Ca/P = 1,67, in solutie se adauga hidroxid
de amoniu [4].

Pentru a obtine un randament c&t mai mare,
amestecul de reactie s-a agitat timp de 2 ore la
temperatura de 60°C, s-a maturat timp de 48 ore,
si apoi precipitatul s-a filtrat si spalat cu apa
distilata si etanol, timp de o ora.

Precipitatul rezultat in urma filtrarii a fost
uscat in etuva la 80°C si apoi a fost calcinat la
temperatura de 200°C si, respectiv, 800°C, timp de
60 min. In urmatoarea etapa, precipitatul a fost
maruntit intr-un mojar cu pistil si apoi macinat intr-o
moara de portelan cu bile din carbura de wolfram,
timp de o ora.

Pe aceasta cale au fost procesate trei probe.
Sinteza acestora a presupus utilizarea unor debite
de aditie a acidului ortofosforic in suspensia de
hidroxid de calciu de 3,3 ml/min - pentru proba
notatda P_1; 2 ml/min — pentru proba P_2,
respectiv, 1,6 ml/min - pentru proba P_3.

2.1 Metode de investigatie

Metodele de analiza prin difractia cu raze X
sunt folosite 1n scopul de a oferi informatii cu
privire la unele aspecte particulare ale unei
anumite faze, cum ar fi structura cristaling,
dimensiunea cristalitelor sau forma acestora etc.

Metoda utilizata in cazul de fata presupune
realizarea unei analize comparative intre datele de
difractie obtinute in cazul investigarii materialului
pulverulent studiat pe de o parte, si datele
publicate in literatura de specialitate, pe de alta
parte.

Estimarea gradului de cristalinitate s-a
realizat prin intermediul programelor de calculator
pe baza interpretarii datelor in urma analizei de
difractie.

Pentru efectuarea difractometriei de raze X
s-a utilizat un generator de raze X Seifert, prevazut
cu un tub Roentgen cu anod de Cu, care are
radiatia caracteristicd CuK, (. = 1,5405 A),
alimentat la 40 KV si 30 mA si un goniometru HZG;
cu fanta de intrare de 2 mm si fanta contor de 0,28
mm prevazut cu dispozitiv de rotire a probei. Proba
a fost mojarata la o finete mai mica de 40 um si
compactata wusor intr-un suport de aluminiu,
trasdndu-se apoi difractogramele  obisnuite.
Domeniul de masurare a fost setat in intervalul 20
—60° 26.

Identificarea fazelor s-a realizat prin
compararea difractogramelor hidroxiapatitei
obtinute cu figierele ICDD - PDF2 (The
International Centre for Diffraction Data - Powder
Diffraction File 2), si anume figierul 09-0432 pentru
hidroxiapatita, fisierul 09-0169 pentru fosfatul

stoichiometric hydroxyapatite, therefore Ca/P =
1.67, the pH of the solution was continuously
adjusted at 10.5 by the addition of NH,OH [4].

To increase efficiency, the reaction mixture
was stirred for 2 hours at temperature of 60°C and
then was aged for 48 hours. The precipitate
obtained was filtered and washed with distilled
water and ethanol for one hour.

The filtered precipitate was oven dried at
80°C for 24 hours and then was calcined at 200°C
and 800°C for 60 min. Finally, powders was ball
milled, using a porcelain mill pot with tungsten
carbide balls, for 1 hour.

For this work were prepared three samples.
Their synthesis involved the use of various
addition rate of orthophosphoric acid to calcium
hydroxide suspension: 3.3 ml/min for sample P_1,
2 ml/min. for sample P_2, respectively, 1.6 ml/min
for sample P_3.

2.1 Sample characterization

Methods of analysis by X-ray diffraction are
designed to provide information on particular
aspects of a certain phase, such as crystal
structure, size or form crystallites etc.

In this case, the method used, there should
be a comparative analysis between the diffraction
data obtained for investigation of hydroxyapatite
obtained in laboratory, on the one hand, and the
data published in literature, on the other hand.

An estimate in terms of crystallinity was
achieved through computer programs dedicated to
the interpretation of diffraction data analysis.

The products were characterized by X - ray
diffraction using a Seifert diffractometer equipped
with Roentgen tube with Cu anode powered at 40
KV and 30 mA and goniometer HZG; with input
slit of 2 mm and slit meter of 0.28 mm and fitted
with rotating sample device. The sample has been
crushed in to a powder with a fineness smaller
than 40 um and then was compacted easily into a
aluminum holder. Data were collected over the
260 range 20 — 60°.

Phases identification was achieved by
comparing the diffraction patterns of hydroxyapatie
obtained with ICDD — PDF2 standards: 09-0432
card for hydroxyapatite, 09-0169 card for B-
tricalcium phosphate, 09-0348 card for for o-
tricalcium phosphate and 37-1497 card for calcium
oxide.

The degree of crystallinity can be evaluated
by the ratio between the sum of the area under all
the hydroxyapatite crystalline peaks and the sum
of all peaks that form the background (halo),
present in the scan range between 20° to 60° [19].

Some procedures [20-21] present a
simplified method regarding degree of crystallinity
for hydroxyaptite, and corresponding to the fraction
of crystalline phase present in the examined
volume. Degree of crystallinity was evaluated as
follows:
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tricalic B, 09-0348 pentru fosfatul tricalic o si 37-
1497 pentru oxidul de calciu.

Estimarea gradului de cristalinitate poate fi
privitd ca un raport intre suma ariilor tututor liniilor
de difractie caracteristice hidroxiapatitei si suma
ariilor tuturor linillor de difractie care formeaza
fondul difractogramei studiate obtinuta in intervalul
20°-60° 26 [19].

Unele proceduri [20-21] prezintd o varianta
simplificata, in ceea ce priveste stabilirea gradului
de cristalinitate al hidroxiapatitei, Xc, care
corespunde fractiei de faza cristalina prezenta
intr-un volum examinat.

Gradul de cristalinitate este estimat prin
intermediul urmatoarei relatii de calcul:

Xc:1_v112/300 (1)
I300
unde I3 este intensitatea liniei de difractie a
hidroxiapatitei, corespunzator planului (300), linia d
= 2,72 A, iar Vii2300 este intensitatea fondului
difractogramei intre liniile de difractie caracteristice
hidroxiapatitei corespunzatoare planelor (112) si
(300), liniile d = 2,78 A si 2,72 A.

Determinarea diametrului hidrodinamic al
particulelor de hidroxiapatita a avut la baza tehnica
de difuzie dinamica a luminii (DLS) emisa de un
laser, prin folosirea unui analizor de particule de
tipul Nanosizer 90 Plus (Brookhaven Instruments).

Studiul morfologic al particulelor de
hidroxiapatitd s-a realizat cu ajutorul unui
microscop electronic cu baleiaj si emisie de camp
(SEM - FE) de tipul Auriga (Carl Zeiss).
Tenisiunea de lucru a aparatului poate fi setata in
intervalul 0,1 — 30 kV, iar mérirea se realizeaza in
domeniul 12 — 1.000.000 x. Totodata microsopul
este dotat cu o sonda de tip EDS, care permite
obtinerea unor analize compozitionale.

3. Rezultate si discutii

in figura 1 sunt prezentate difractogramele
probelor experimentale, obtinute in conformitate cu
metodologia prezentatd mai sus.

in urma analizei difractogramelor,
corespunzatoare  probelor de hidroxiapatita
mentionate, se constata faptul ca hidroxiapatita nu
este singura faza obtinuta.

Astfel, analiza computerizata a
difractogramelor evidentiazé existenta si a altor
compusi, cum ar fi fosfatul tricalcic (B-C3P) si oxidul
de calciu (Ca0).

Se poate face mentiunea ca pentru cele trei
probe analizate P_1, P_2 si P_3 gradul de formare
a unor produgi de reactie este totusi diferit. Astfel,
daca linia de 100 a hidroxiapatitei are aceeasi
intesitate pentru toate cele trei probe, unele dintre
liniile secundare au intesitati diferite, agsa cum este
cazul liniilor de difractie situate la 25,87 26; 32,90
20; 39,81 20; 46,71 20; 49,47 26, ceea ce poate
presupune unele deosebiri Tn privinta evolutiei

XC:1_V112/300 (1)
I300
where l3q0 is the intensity of the (300) reflection of
hydroxyapatite, d = 2.72 A and V19300 IS the
intensity of the hollow between the (112) and the
(300) reflections, d = 2.78 A and 2.72 A.

The measurement of hydrodynamic
diameter of the hydroxyapatite particles has been
achieved by dynamic light scattering technique, by
using a 90 Plus Particle size analyzer (Brookhaven
Instruments).

Morphology of the hydroxyapatite powders
was studied by using scanning electron
microscopy (SEM) on FE-SEM Auriga (Carl Zeiss)
(accelerating voltage, 0.1 — 30 kV), magnification:
12 — 1.000.000 x, equipped with EDS detector.

3. Results and discussion

Figure 1 shows the X - ray diffraction
patterns for the samples obtained in according with
experimental procedure above described.

The XRD analysis shows that
hydroxyapatite is not the only phase obtained.
Thus, computerized data analysis, in case of
diffraction patterns, reveals the presence of other
compounds such as B - tricalcium phosphate and
calcium oxide.

In case of samples analyzed P_1, P_2 and
P_3, it can be mentioned that the formation of
reaction products is different. Thus, if the main
diffraction line of hydroxyapatite (211) have the
same intensities for all three samples, some of the
secondary lines have different intensities, as is the
case of diffraction lines located at 25.87 26; 32.90
20; 39.81 20; 46.71 26; 49.47 20. This aspect can
reveals some differences regarding hydroxyapatite
reaction evolution for each sample. In case of
calcium oxide, if its formation is quite significant,
for all samples analyzed, the presence of this
oxide can be revealed in case of diffraction lines
located at 37.34 26 and 53.85 20 for samples P_1
and P_2.

In case of sample P_3, CaO presence was
reveals by the diffraction line situated at 37.34 26.

As well, B - tricalcium phosphate are formed
in very small quantities, and its presence was
detected in the case of diffraction line located at
34.99 20, having the same intensity.

As we mentioned, the differences outlined
above, which occur between the three samples, is
due to different conditions regarding synthesis of
hydroxyapatite such as acid addition rate with
different speed to the suspension of calcium
hydroxide.

The presence of B — tricalcium phosphate
can be explained by a possible transformation of
calcium deficient apatite. Therefore, is accepted
that upon heating to 750 — 800°C, calcium
deficient apatite transform to tricalcium phosphate,
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reactiei de formare a hidroxiapatitei pentru fiecare
proba in parte.
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such as B — Ca3(PO,),, with a loss of water as
described in the following reaction [22]:
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in ceea ce priveste oxidul de calciu, daca
pentru toate cele trei probe formarea sa este destul
de putin importanta, se constata prezenta acestui
oxid Tn cazul liniilor de difractie situate la 37,34 20
si 53,85 20, pentru probele P_1 si P_2. In cazul
probei P_3 prezenta sa a fost constatata la 37,34
20. Fosfatul tricalcic, B — Ca3(PQ,),, se formeza, de
asemenea, in cantitati foarte mici, iar prezenta sa a
fost constatata in cazul liniei de difractie situate la
34,99 26, intensitatile liniei fiind comparabile pentru
cele trei probe. Asa cum s-a mai mentionat,
deosebirile evidentiate mai sus, care apar intre
cele trei probe, se datoreaza conditiilor diferite n
care au avut loc reactile de formare a
hidroxiapatitei, cum ar fi aditia cu viteza diferita a
acidului la suspensia de hidroxid de calciu.

Prezenta fosfatului tricalcic - p poate fi
explicata printr-o posibila transformare a apatitei
deficitare Tn calciu. Prin urmare, este acceptat
faptul ca la o temperatura peste 750 — 800°C,
apatita deficitara in calciu se poate transforma in
fosfat tricalcic — B, odata cu pierderea apei legata
chimic, in conformitate cu reactia chimica de mai
jos [22]:

Cag(HPO4)(PO,4)s(OH) — 3 B-Cas(POy4), + HO

Prezenta fosfatului tricalcic forma o este

1000 £ *.3) i ¢ Caj(POy)s(OH);
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Fig. 1 - Difractogramele caracterisitice probelor calcinate la 800°C / X- ray diffraction patterns of hydroxyapatite
samples after heat treatment at 800°C.

Cag(HPO4)(PO4)s(OH) — 3 Cas(PO,), + H20

The presence of a — tricalcium phosphate is
highly unlikely due to the improper heat treatment
conditions. It is known that, a phase transformation
from B — tricalcium phosphate to a — tricalcium
phosphate  occurs under high-temperature
treatment above 1125°C [22]. In this paper,
thermal treatment of hydroxyapatite powder was
achieved at 800°C.

The appearance of calcium oxide as a
secondary phase may be due to incorporation of
COs” ions into the calcium hydroxyapatite
structure. The presences of this calcium
phosphate compound are found to lower the
thermal stability of hydroxyapatite. The amount of
CaO increase  with increase treatment
temperatures [23].

As mentioned before, most obvious phase,
as expected, is hydroxyapatite, which is confirmed
by comparing data obtained with the ICDD-
database PDF2 card 09-0432. The presence of
secondary phases is insignificant, related to
hydroxyapatite phase. In case of B — tricalcium
phosphate and calcium oxide, relative intensities of
diffraction lines were located below the established
standards.
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foarte putin probabila din cauza conditiilor improprii
de tratament termic. Este cunoscut faptul ca o
transformare de la faza B a fosfatului tricalcic in
fosfat tricalcic — o se produce in conditiile unui
tratament termic la temperaturi ridicate, mai mari
de 1125°C [22]. In aceasta lucrare tratamentul
termic aplicat pulberilor de hidroxiapatita s-a
realizat pana la temperatura de 800°C.

Aparitia oxidului de calciu, in structura
probelor analizate, ca faza secundara, poate fi
explicata printr-o eventuala impurificare a
hidroxiapatitei, Tn urma incorporarii in structura
acesteia a unor grupari carbonat de tipul CO%.
Este cunoscut faptul ca prezenta oxidului de calciu
conduce la o scadere a stabilitati termice a
hidroxiapatitei. Proportia oxidului de calciu in
compusii fosfocalcici creste direct proportional cu
temperatura de tratament termic [23].

Cum s-a mai spus, faza care predomina, in
masura hotaratoare, asa cum era de asteptat, este
hidroxiapatita, lucru confirmat prin compararea
datelor obtinute cu cele din baza de date ICDD —
PDF2 (9-432). Prezenta celorlalti produsi secundari
de reactie, mentionati este nesemnificativa;
intensitatile relative ale liniilor de difractie ale
acestora s-au situat cu mult sub cele stabilite de
standardele ICDD — PDF2.

Prezenta unor faze secundare, asa cum sunt
cele amintite mai sus, poate fi si rezultatul alegerii
inadecvate a unor parametri de proces, in speta
utilizarea unei temperaturi de sinteza scazute, a
unei viteze de agitare a  reactantilor
necorespunzatoare sau a unor viteze prea mari de
aditie a acidului la suspensia de hidroxid de calciu.
Astfel, unele studii [24-25] au aratat influenta jucata
de temperatura in obtinerea unei hidroxiapatite
stoechiometrice. Aceste informatii fac referire la
faptul ca sinteza unor hidroxiapatite
stoechiometrice este corelatd direct cu existenta
unor temperaturi de reactie cat mai ridicate.

Datele estimate, in ceea ce priveste gradul
de cristalinitate al hidroxiapatitei sunt prezentate in
tabelul 1, conform relatiei 1.

Temperatura la care are loc procesul de
calcinare joaca un rol important in obtinerea unei
hidroxiapatite cu un grad Tnalt de cristalinitate.

In general, toate probele prezentate au un grad
de cristalinitate cuprins intre 80% si 86%, asa cum
este prezentat in tabelul 1.

Aceste valori pot fi explicate, asa cum s-a mai
spus, prin nefolosirea la valoarea optima a
parametrilor de lucru in cazul procesului de sinteza
sau a unei temperaturi de tratament termic cu valoare
mai mica. Este de asteptat sa se produca o crestere a
gradului de cristalinitate Tn urma realizarii tratametului
de calcinare la temperaturi mai mari de 1100°C.

Prin comparatie Sanosh, s.a. [21] raporteaza
un grad de cristalinitate de 12%, in cazul
tratamenului termic la 200°C, respectiv un grad de
cristalinitate de 88%, 1in urma calcinarii
hidroxiapatitei la 800°C.

The presence of secondary phases such as
those mentioned above may be the result of
improper selection of technological parameters,
such as low temperature synthesis, a
inappropriate stirring rate of reactants or excessive
addition rate of acid to the suspension of calcium
hydroxide. Thus, some studies [24-25] showed the
influence played by temperature to obtaining
stoichiometric hydroxyapatite. These data refer to
the fact that synthesis of stoichiometric
hydroxyapatite is correlated with the existence of
the highest reaction temperatures.

Data obtained regarding the estimated
degree of crystallinity for samples analyzed are
presented in Table 1 in according with equation 1.

The calcinations temperatures have an
important role to obtaining a hydroxyapatite with a
high degree of crystallinity.

Generally, for all sample presented the degree
of crystallinity are between 80% and 86%, as we
presented in Table 1.

These values can be explained, as was said,
by not using the optimal value of working parameters
for the synthesis process or a lower temperature for
the thermal treatment. It is expected that the degree
of crystallinity for hydroxyapatite powders will
increase proportionally with temperature, after
calcination above 1100°C.

By comparison, Sanosh et al. [21] reported
synthesis of hydroxyapatite with crystallinity of
12 %, in case of hydroxyapatite heat treatment of
200°C. After calcination at 800°C, crystallinity
increases to 88%.

The formation of relatively large crystallites
size was influenced by the ripening time. It is
expected that crystallites size will grow up after a
long periods of maturation until the crystallization
process reaches a phase equilibrium or the heat
treatment temperature will exceed 800°C.

The result obtained reveals the importance
of reagents addition speed. Thus, in case of the
samples studied, a lower addition rate of
orthophosphoric acid will lead to an increase of the
hydroxiapatite crystallinity degree. The data
confirm an increase of hydroxiapatite crystallinity
degree from 80% to 86% when the reactant
addition rate increases from 3.3 ml/ minto 1.6 ml/
min.

The number average particle size from

dynamic light scattering measurement was found
to be 437 nm for hydroxyapatite thermal treated at
200°C, respectively 232 nm, in case of samples
calcinated at 800°C as are presented in Fig. 2.

Also can be observed unimodal distribution
for all samples analyzed.

Field Emission Scanning Electron
Microscopy (FESEM) images of hydroxyapatite
synthesized in according with procedure described
above and thermal treated at different
temperatures are presented in Fig. 3.
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Tabelul 1
Valorile gradului de cristalinitate pentru probele studiate
The values regarding degree of crystallinity for the three sample obtained
Proba Gradul de cristalinitate / Degree of crystallinity, %
Sample Tratament termic la 200°C Tratament termic la 800°C
Samples heat treated at 200°C Samples heat treated at 800°C
P_1 25 80
P 2 24 86
P_3 24 86
90 -
80 - |
, Samgple © Hidroxiapat - H1-2 - b-3 (Combined) » Sample O Hidroxiapat - H1-8 (Combined) -
70 7 Operstor D " Operstor 0 i3
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Fig. 2 — Analiza distributiei granulometrice prin metoda DLS pentru pulberile de hidroxiapatits tratate termic la (a) 200°C si (b) 800°C.
Particle size distribution of hydroxyapatite nanopowders analyzed by DLS method after heat treated at (a) at 200°C and (b) 800°C.

WD = 69mm
FIB Imaging=SEM  Noise Reduction = Pixel Avg.

(a) (b)
Fig. 3 — Imagini SEM ale pulberilor de hidroxiapatita tratate termic la (a) 200°C si (bg 800°C/ SEM images of hydroxyapatite powders
heat treated at (a) 200°C and (b) 800°C.
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It can be observed that the temperature of
heat treatment had a significant effect on the
particle morphology. In case of sample thermal
treated at 200°C can be observed the presence of
agglomerates with needle-like shape crystallites,
exhibiting a non uniform size distribution (Fi%. 3a).

In case of sample calcinated at 800°C (fig.
3b) can be observed the particles with fine grain,
more homogeneous and uniform distribution of
components. As well, hydroxyapatite crystallites
tend to change form to spherical shape, this will
allow a high degree of packing.

Formarea unor cristalite cu dimensiuni relativ
mari a fost influentata si de timpul de maturare al
solutiilor. Astfel, este de asteptat o crestere a
dimesiunii cristalitelor in urma unor perioade de
maturare indelungate, pana cand procesul de
cristalizare ajunge intr-o faza de echilibru sau a
unor tratamente termice la temperaturi superioare
celei de 800°C.

Rezultatele obtinute evidentiazé importanta
vitezei de aditie a reactantilor. Astfel, in cazul
probelor studiate, utilizarea unor viteze de aditie
mai mici influenteaza pozitiv gradul de cristalinitate
al hidroxiapatitei. Datele obtinute confirma o
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crestere a gradului de cristalinitate, de la 80%, in
cazul utilizaérii unui debit de aditie a acidului
ortofosforic de 3,3 ml/min, pana la 86%, pentru un
debit de 1,6 ml/min.

Analiza granulometrica realizata prin metoda
de difuzie dinamica a luminii (DLS) a evidentiat
obtinerea unor dimensiuni medii de particule de
437 nm, in cazul hidroxiapatitei pulbere tratate
termic la 200°C si, resopectiv, 232 nm, in cazul
pulberii calcinate la 800°C, asa cum este prezentat
in figura 2. Totodatd, se observa o distributie
unimodala n cazul celor doua pulberi analizate.

in figura 3 sunt prezentate imaginile FESEM
ale pulberilor de hidroxipatitd obtinute in
concordanta cu procedeul tehnologic prezentat mai
sus si tratate termic la diferite temperaturi. Se
poate observa efectul temperaturii tratamentului
termic asupra morfologiei particulelor. In cazul
hidroxiapatiei tratate termic la 200°C se poate
observa prezenta unor aglomerari de particule ale
caror cristalite au o forma aciculara, cu dimenisuni
diferite (Fig. 3a). In cazul probei calcinate la 800°C
(Fig.3.b) se observa obtinerea unor pulberi de
hidroxiapatita cu granulatie find, distributie mai
omogena si repartitie mai uniforma. De asemenea,
se poate observa tendinta cristalitelor de a-gi
schimba forma intr-una sferica, fapt care va
permite realizarea unui grad mare de impachetare
a particulelor pulverulente.

4. Concluzii

Lucrarea prezinta o metoda de sinteza a
unor substante fosfocalcice de tipul hidroxiapatitei
prin coprecipitare chimica.

Studiul unor parametri calitativi precum
gradul de cristalinitate s-a realizat experimental
pentru trei probe tratate termic la 800°C, prin
intermediul difractiei cu raze X.

Difractogramele obtinute evidentiaza
prezenta hidroxiapatitei ca faza majoritara si a unor
proportii reduse de fosfat tricalcic (B - TCP) si oxid
de calciu (CaO). Prezenta fazelor secundare
precum: B-C3P si CaO, poate fi rezultatul unor
abateri de la stoechiometria hidroxipatitei sau
prezentei in structura hidroxiapatitei a unor grupari
carbonat.

Datele obtinute cu privire la gradul de
cristalinitate al probelor studiate indica valori ale
acestuia cuprise in intervalul 80 - 86%. Obtinerea
unor valori optimizate se estimeaza a se realiza in
urma unor timpi mai indelungati de maturare, a
cresterii temperaturii de sinteza, precum si a unei
calcinari la temperaturi mai mari de 800°C.

Analiza dimensionald prin metoda difuziei
dinamice a luminii, evidentiazd obtinerea unor
particule de hidroxiapatita submicronice,
caracterizate printr-o distributie unimodala.

Analiza de microscopie electronica cu baleiaj
a evidentiat influenta temperaturii de tratament
termic  asupra  morfologiei particulelor de
hidroxiapatita.

4. Conclusions

In this paper we present a synthesis method
for obtaining hydroxyapatite by chemical
precipitation.

Study of qualitative parameters such as:
degree of crystallinity were experimentally
determined for three hydroxyapatite samples
thermal treated at 200°C and 800°C.

The X - ray diffraction patterns reveal
presence of hydroxyapatite as major phase and
small amounts of B — tricalcium phosphate and
calcium oxide. The presence of secondary phases
such B — tricalcium phosphate and calcium oxide
can be the result of small deviations from the
hydroxyapatite stoichiometry or presence of COs*
ions into the hydroxyapatite structure.

Data obtained regarding degree of
crystallinity in case of the samples studied shows
that the values of it's between 80 and 86%.
Optimized values are expected to be achieved
after the aging time will grow up, a increase of
synthesis temperature and the calcination
temperatures will exceed 800°C.

Particle size distribution of hydroxyapatite
powders derived from dynamic light scattering
analysis highlights the presence of submicronic
size hydroxyapatite particles, with unimodal
distribution.

Scanning Electron Microscopy analysis
revelas the influence of heat treatment
temperature on the morphology of hydroxyapatite
particles.
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NOUTATI/ NEWS

Modul de generare al suprafetelor biomimetice superhidrofobe din nanomateriale
Engineering biomimetic superhydrophobic surfaces of electrospun nanomaterials

Biomimetica furnizeaza un model pentru
dezvoltarea suprafetelor functionale cu
umectabilitate  speciala. @ Recent, fabricarea
suprafetelor superhidrofobe biomimetice a devenit
un subiect de mare interes. Tehnica electrospining
este 0 metoda versatila si eficienta pentru
fabricarea nanomaterialelor cu compozitii  si
structuri controlabile, si de aceea, furnizeaza o
strategie ideala pentru construirea suprafetelor
superhidrofobe pe scara larga. Ulterior, s-au
subliniat progresele recente in designul si
fabricarea acestor suprafete superhidrofobe
biomimetice prin tehnica electrospining. S-a facut
referire si la studiile schimbarii umectabilitatii
suprafetei nanofibroase generata de stimuli externi.

Material prelucrat de ing. Alina Melinescu,
din Nano Today, p.510-530, 6, 2011

Biomimetics provides a model for
developments of functional surfaces with special
wettability. Recently, manufacturing bio-inspired
superhydrophobic surfaces has become an
increasingly hot research topic. The
electrospinning technique is a versatile and
effective method for manufacturing nanomaterials
with controllable compositions and structures, and
therefore provides an ideal strategy for
construction of superhydrophobic surfaces on a
large scale. Subsequently, we highlighted the
recent progresses in design and fabrication of
these bio-inspired superhydrophobic surfaces via
electrospinning technique. The studies on the
switchable wettability of nanofibrous surface
brought about by external stimuli are also
addressed.

Material worked by eng. Alina Melinescu from Nano
Today, p.510-530, 6, 2011

F*kkkkkkkkkkkkkkkhkkhhhkhhkkkkkkkkkkhhkhhhkkkkkkkkkkkhkhhhhhhkkkkkkkkkkkkhkhhhhhkkhkkkkkkhkkkkhhhhhhkhhkkkkkkkkkkkkkhhhkkkkkkk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


