
Nanosilicon carbide/hydroxyapatite nanocomposites:
structural, mechanical and in vitro cellular properties

Saeed Hesaraki • Touraj Ebadzadeh •

Shaghayegh Ahmadzadeh-Asl

Received: 18 January 2010 / Accepted: 18 March 2010 / Published online: 8 April 2010

� Springer Science+Business Media, LLC 2010

Abstract In this study, bioceramic nanocomposites were

synthesized by sintering compacted bodies of hydroxyap-

atite (HA) mixed with 5 or 15 wt% nanosilicon carbide at

1100 or 1200�C in a reducing atmosphere. Pure hydroxy-

apatite was also prepared for comparison. Phase composi-

tions, structural and physical properties of the composites

were studied using appropriate techniques. Some in vitro

biological properties of the composites were also investi-

gated by using newrat calvaria osteoblastic cells. X-ray

diffraction analysis indicated that tricalcium phosphate

(TCP) comprising negligible a-TCP and considerable

b-TCP were formed in composites during sintering mean-

while hydroxyapatite and silicon carbide (SiC) were also

existed in the composition. Based on the results, that

composite made of 5 wt% nanosilicon carbide exhibited

higher bending strength, fracture toughness and bulk den-

sity than pure HA and composite with 15 wt% silicon

carbide. The scanning electron microscopy coupled with

energy dispersive X-ray analysis revealed that the addition

of nanosilicon carbide suppressed the grain growth and

yielded a feature of island-type clusters consisting of

blistered calcium phosphate (HA and TCP) and SiC grains.

Also, in this study, better proliferation rate and alkaline

phosphatase activity were observed for the osteoblastic

cells seeded on top of the composites compared to pure

HA. Overall, the results indicated that the composite of

95 wt% hydroxyapatite and 5 wt% SiC exhibited better

mechanical and biological properties than pure HA and

further addition of SiC failed strength and toughness.

1 Introduction

The use of some bioceramics, such as tricalcium phosphate

(TCP) and hydroxyapatite (HA) in the field of biomedical

application has been developed in over the last three decades

[1]. HA is interesting material for both dentistry and

orthopedic applications because it forms a real bond with the

surrounding bone and produces an osteointegrative tissue.

Nevertheless, HA is mechanically poor and thus cannot be

used as implant devices for stress-bearing applications [2].

Several studies have been performed to improve

mechanical properties of HA by using sintering additives

for consolidation of this material during heating.

Various types of additives including CaCl2, KCl,

KH2PO4, (KPO3)n, Na2Si2O5, K2CO3, Na2CO3, KF, sodium

phosphates and other compounds based on P2O5–CaO

system have been considered by Suchanek et al. [3] as

sintering aids. Takami and Kondo [4] described various

P2O5–CaO based frit-form additives for sintering HA. The

phase transformation and mechanical properties of com-

posites of HA and P2O5–CaO frits (10–50 wt%) were also

described [5, 6]. Georgiou and Knowles [7] used additives

from the ternary Na2O–P2O5–CaO system for the same

purpose. Hu et al. also reported the use of a borosilicate

glass up to 50 wt% as HA sintering additive [8].

However, it is well known that the mechanical proper-

ties can also be improved by incorporation of a reinforcing

phase such as fibers, whiskers, platelets or particles into the

ceramic matrix. In the case of biocompatible ceramics, the

additive should either be present in natural bones or belong

to the group of bioinert materials.
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Silicon carbide (SiC) is a well known ceramic material

with excellent physical properties such as high resistance to

chemicals, excellent thermal/heat conductivity and superior

mechanical properties. SiC has been widely studied as

a dense material for preparation of composite materials

[9–12]. Especially, the preparation of nano-sized silicon

carbide has received considerable attention, because it

allows the preparation of bulk materials with increased

plasticity [10] or nanocomposites with enhanced mechani-

cal and tribological properties [13]. The use of nanosilicon

carbide for reinforcement of ceramics such as alumina has

been reported in literatures [14].

There are numbers studies that reported use of silicon

carbide for different clinical purposes. It has been indicated

that SiC and hydroxyapatite are equally biocompatible

materials for clinical studies [15]. The possible use of sili-

con carbide (SiC) as a ceramic coating material for tita-

nium-based total hip replacement (THR) implants was

studied by Santavirta et al. [16]. They stated that SiC was a

promising ceramic for total hip replacement (THR) implant

coating, because it reduced wear debris formation from the

soft titanium surface.

Amorphous silicon carbide (a-SiC) films, deposited by

plasma-enhanced chemical vapor deposition was also

evaluated as insulating coatings for implantable micro-

electrodes and biocompatibility of SiC was proved by

implantation of SiC-coated quartz discs in the subcutaneous

space of the New Zealand rabbits [17].

This study was performed to assess the effect of adding

nanosilicon carbide to HA on structural, physical, mechan-

ical and biological properties of obtained composites. The

role of sintering temperature on the above mentioned prop-

erties was also investigated.

2 Materials and methods

2.1 Starting materials

Starting materials used in this study were commercial HA

(Merck, 2196) and nanosilicon carbide (Plasmachem, R 36/

37/38 S 26).

Particle size distribution of HA powder was measured by

laser particle sizer analyzer (Fritsch analysette 22) in an

aqueous medium. Particle size of nanosized SiC was

recorded by using the zeta sizer and its particle morphology

was observed using transmission electron microscopy

(TEM) technique as follows: The SiC powder was ultra-

sonically dispersed in ethanol to form a diluted suspension

and then a few droplets were dropped on carbon coated-

copper grids. The morphology of the particles was observed

by TEM instrument (GM200 PEG Philips) which operated

at an accelerating voltage of 200 kV.

Since wet method would be selected for homogenizing

SiC and HA, stable suspension of HA should be prepared at

a proper pH condition. Thus, the influence of pH on zeta

potential (ZP) of HA was investigated by using a zeta sizer

device (Zetasizer 300HS). Hydrochloric acid and ammonia

solution were used to provide acidic and alkaline pH of the

suspension, respectively.

2.2 Preparation of HA–nanosilicon carbide mixture

Different formulations of HA–SiC composites were inves-

tigated, pure HA without any SiC (H100), mixture of

95 wt% HA and 5 wt% SiC (H95S5) and mixture of

85 wt% HA and 15 wt% SiC (H85S15). To mix the com-

posite components (HA and SiC) the following procedure

was used: An aqueous suspension of HA and nanosized SiC

was prepared at 25�C and pH was adjusted to 10 using

ammonium hydroxide solution. Then, the solvent phase was

evaporated while the suspension was stirring on top of a

heater. Both heating and stirring processes were simulta-

neously continued until a paste was achieved. The paste was

then transferred to an oven and dried at 105�C for 24 h until

a homogenized powder was obtained.

2.3 Thermal treatment for preparation of HA–SiC

composites

For producing composites, the homogenized powder was

poured into a cuboid-shaped steel mould and compressed at

20 bar pressure by uniaxial hydraulic press. The final

dimension of specimens was 20 9 5 9 5 mm3. No binder

was used in the pressing process. The compacted samples

were sintered at 1100 and 1200�C in an electrical furnace in

reducing atmosphere for two hours. Pure HA bodied was

also prepared using the same processing condition for

comparison.

3 Characterization of composites

3.1 Phase analysis

Phase composition of sintered samples was evaluated by

using an automated X-ray diffractometer device (XRD,

Philips PW3710). Cu-Ka radiation was adapted at operating

condition of 40 kV and 30 mA and XRD data were col-

lected over 2h range of 10–20�.

3.2 Microstructure observation

Microstructure analysis of samples was performed by using

scanning electron microscope (Stereoscan S 360-Leica

Cambridge, England). Due to poor electrical conductivity
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of the samples a thin layer of gold were coated on their

surfaces before testing.

3.3 Mechanical properties

Cuboid-shaped specimens (20 9 5 9 5 mm3) were pre-

pared as described in Sect. 2.3. Bending strength (r) was

recorded in triple point mode by using a universal

mechanical testing device (Instron IV 1196). A crosshead

speed of 1 mm/min was used and r value was calculated

using the following expression:

r ¼ 3Pl

2bd2
ð1Þ

where P was load of fracture (in N), b, l and d were width,

length and thickness of the sample (in mm), respectively.

Five samples of each composition were tested for statistical

purposes.

The indentation method was employed to measure

toughness and hardness of the samples. The surface of the

samples were polished by using sandpaper (up to 1200

number) and diamond paste (1, 3 and 6 lm) and then, an

indent was created on the sample surface by using a Vickers

indentor (MVK-C11, Akashi, Japan) at 200 g force for 15 s.

After 30 s, fracture toughness of the specimens (KIC) was

estimated according to the Lawn and Fuller formula:

KIC ¼ 0:0726
P

3C
3
2

ð2Þ

where P was indentation load and C was average length of

cracks. For measuring hardness, various loads of 2.94, 4.90

and 9.81 (N) were exerted at loading time of 10 s using

MVH-H21 indentation device (Akashi, Japan). Addition-

ally, the hardness (H) was calculated by the following

equation:

H ¼ P

2a2
ð3Þ

where P was the applied load (in N) and a was the average

diameter of the formed indent.

3.4 Density and porosity measurements

Bulk density (Db) and total porosity (Pt) of the sintered

samples were recorded using the following expressions:

Db ¼
m

v
ð4Þ

pt ¼ 100ð1� Db

Dt�c
Þ ð5Þ

where m was weight of specimen, V was its volume and

Dt-c was theoretical density of sintered sample (pure HA or

HA–SiC composite). To calculate Dt-c, firstly, the phase

composition of each specimen was determined quanti-

tatively by using the following equation [18]:

Xa ¼
IðhklÞa

RIRaIrel
ðhklÞa

1

P#phase

j¼1

ðIðhklÞ0j=RIRjI
rel
ðhklÞ0jÞ

2

6
6
6
4

3

7
7
7
5
; ð6Þ

where a was the phase to be determined, Xa was weight

fraction of a phase, j was another phase or phases existed in

the composition. I (hkl)a and I (hkl)j were, respectively,

intensity of hkl peaks of a and j phase in XRD patterns and

the Irel
(hkl) term ratios the relative intensities of the peaks

used. If the maximum (100%) peaks of all phases (e.g. a and

j) are used, the value of this term is 1. RIRa or RIRj which is

Ia/Ic or Ij/Ic ratio can be extracted using inorganic crystal

structure database (ICSD). ICSD provides this ratio for all

phases using corundum (Al2O3) as standard samples. Note

that the sum of all fractions of all phases must be 1 [for more

details see Ref. 17]. In this study, the following ICSD col-

lection codes were used: ICSD # 034457 for HA, ICSD #

006191 for b-TCP and ICSD # 015325 for SiC.

Regarding the theoretical density of hydroxyapatite

(3.16 g/cm3), silicon carbide (3.21 g/cm3) and beta-trical-

cium phosphate (3.06 g/cm3), the main components of

specimens, Dt-c of the sintered specimens was calculated

by using rule of mixture:

Dt�c ¼
Xn

a¼1

vaDt�a ð7Þ

where Dt-c was theoretical density of specimen, Dt-a was

theoretical density of i constituent of the composite and

va was volume fraction of a in composite which can be

calculated regarding its density and weight percentage in

composite.

3.5 Biological evaluations

Biological properties of the specimens were evaluated using

osteoblastic cells derived from newborn rat calvaria. The

cells were isolated by sequential collagenase digestion from

calvaria of newborn (2–5 days) Wistar and cultured in

Dulbecco modified Eagle medium (DMEM; Gibco-BRL,

Life Technologies, Grand Island, NY) supplemented with

15% fetal bovine serum (FBS; Dainippon Pharmaceuti-

cal, Osaka, Japan) and 100 g/ml penicillin–streptomycin

(Gibco-BRL, Life Technologies) in 5% CO2 and 95% air

atmosphere at 37�C for 1 week. The medium was changed

every 2 days. The confluent cells were dissociated with trypsin

and subcultured to 3 passages which were used for tests.

The disc-shaped pure HA or HA/nanosilicon carbide

composite specimens (6 mm in diameter and 3 mm in

height) were sterilized using 70% ethanol and the

J Mater Sci: Mater Med (2010) 21:2141–2149 2143

123



osteoblastic cells were seeded onto the tops of the glass discs

at 2 9 103 cells/disc. Polystyrene discs with diameter of

6 mm (the same surface area compared to glass specimens)

were prepared from the tissue culture plate and similarly

were seeded with the cells as control specimens. The spec-

imen/cell constructs were placed into 24-wells culture plates

and left undisturbed in an incubator for 3 h to allow the cells

to attach to them and then an additional 3 ml of culture

medium was added into each well. The cell/specimen con-

structs were cultured in a humidified incubator at 37�C with

95% air and 5% CO2 for 2, 5, and 7 days. The medium was

changed every 3 days.

The proliferation of the osteoblastic cells on top of the

specimens was determined using the MTT (3-{4,5-dimeth-

ylthiazol-2yl}-2,5-diphenyl-2H-tetrazolium bromide) assay.

For this purpose, at the end of each evaluating period, the

medium was removed and 2 ml of MTT solution was added

to each well. Following incubation at 37�C for 4 h in a fully

humidified atmosphere at 5% CO2 in air, MTT was taken up

by active cells and reduced in the mitochondria to insoluble

purple formazan granules. Subsequently, the medium was

discarded and the precipitated formazan was dissolved in

dimethylsulfoxide, DMSO, (150 ml/well), and optical den-

sity of the solution was read using a microplate spectropho-

tometer (BIO-TEK Elx 800, Highland Park, USA) at a

wavelength of 570 nm.

To observe the morphologies of the cells attached onto

the surfaces of the pure HA (H100), H95S5 and H85S15

specimens, the cells were cultured onto the discs as

described above. After 7 days, the culture medium was

removed, the cell-cultured specimens were rinsed with

phosphate buffered saline (PBS) twice and then the cells

were fixed with 500 ml/well of 3% glutaraldehyde solution

(diluted from 50% glutaraldehyde solution (Electron

Microscopy Science, USA) with PBS). After 30 min, they

were rinsed again and kept in PBS at 4�C. Specimens were

then fixed with 1% Osmium tetroxide (Polyscience,

Warmington, PA, USA). After cell fixation, the specimens

were dehydrated in ethanol solutions of varying concen-

tration (30, 50, 70, 90, and 100%) for about 20 min at each

concentration. The specimens were then dried in air,

coated with gold and analyzed by SEM (Streoscan S 360,

Cambridge).

The osteoblastic cells were also seeded on the disc

specimens under the same culturing conditions as descri-

bed above to determine the level of ALP produced by them

on days 2, 5 and 7. Cells were rinsed twice with phos-

phatase buffered saline (PBS) followed by trypsinization

and then scraped into double-distilled water. The cell

lysates were frozen and thawed three times to disrupt the

cell membranes. ALP activity was measured at 405 nm

using p-nitrophenyl phosphate (pNPP) (Sigma, USA) as the

substrate. A 50 ml sample was mixed with 50 ml pNPP

(1 mg/ml) in 1 M diethanolamine buffer containing

0.5 mM MgCl2, pH 9.8 and incubated at 37�C for 30 min

on a bench shaker. The reaction was stopped by the addi-

tion of 50 ml of 1 N NaOH. Total protein content was

determined using Coomassie brilliant blue method as

described elsewhere [19].

4 Statistical analysis

Data were processed using Microsoft Excel 2003 software

and the results were produced as mean ± standard devia-

tion of at least 4 experiments. Significance between the

mean values was calculated using standard software pro-

gram (SPSS GmbH, Munich, Germany) and the p B 0.05

was considered significant.

5 Results and discussion

5.1 Characteristics of starting materials

Average particle size of SiC (dmean) measured by zeta sizer

was 80 nm. Figure 1 shows TEM image of SiC particles

used as starting material in this work. Spherical particles

are observed with diameter up to 100 nm.

Another starting material, i.e. HA exhibited a dmean

value of 0.9 lm in alkaline aqueous solution. It is sug-

gested that this value relates to the aggregated particles.

This suggestion is confirmed by the SEM micrograph of

sintered HA samples (which are shown in Sect. 3.3) where

their grain size is lower than 500 nm. Determination of

zeta potential value against pH changes relates to stability

of HA suspension. Note that no dispersing agent was used

for stabilizing HA suspension. ZP correlates to particle

surface charge and it can determine the stability of

Fig. 1 TEM image of the nanosized silicon carbide used for

fabrication of HA/SiC composites (Scale bar = 100 nm)
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suspension by preventing particle association due to

repulsive forces between them. Figure 2 shows changes of

ZP as a function of suspension pH. ZP value decreases with

increasing pH until it reaches to an approximately constant

value at pH [8. In this study it was necessary to perform

the homogenizing process at pH values much higher than

isoelectric point of SiC particles, thus it was performed at

pH = 10.

5.2 Phase analysis

Figure 3 shows X ray diffraction patterns of different

samples sintered at 1100�C (Fig. 3a) and 1200�C (Fig. 3b)

for 2 h. For H100, the only existed phase for both sintering

temperatures of 1100 and 1200�C is HA (ICSD # 034457).

Thus these sintering temperatures have no influence on its

phase composition. In H95S5 and H85S15 samples sintered

at 1100�C, in addition to HA, other calcium Phosphate

phases including b-TCP (ICSD # 006191) and slight

amount of a-TCP (ICDD # 29-359) are also observed. Note

that in H95S5 b-TCP is a predominant phase (at both 1100

and 1200�C), whereas in H85S15 HA is dominant. Silicon

carbide can be protected from oxidation by using reducing

atmosphere and the silica-rich layer probably formed its

surfaces. Thus, the initiated peak at 2h = 35.7 relates to

SiC (ICSD # 015325). The intensity of SiC peak is pro-

portional to its concentration in the composites.

On the whole, it is obvious that samples which are

produced by adding SiC to HA are biphasic compounds of

HA and TCP or Si-doped TCP [20]. In samples with 5 wt%

SiC, predominant phase is b-TCP for both temperatures

whereas in samples with 15% SiC, HA is a dominant phase

only at 1200�C. It should be regarded that XRD peaks of

Si-doped TCP are too much similar to TCP peaks and it is

difficult to recognize them. Some authors reported forma-

tion of TCP from HA at elevated temperatures (above

800�C), which is provoked by adding SiO2 or bioglass

additives [20]. The type and content of each phase depends

on both additive concentration and sintering temperature.

Regarding our results, it is confirmed that formation of

TCP phases (b-TCP or a-TCP) is induced by adding silicon

containing materials like SiC.

5.3 Microstructure

Microstructures taken from fractured surfaces of different

samples with different sintering temperatures are shown in

Fig. 4. Microstructure of HA sample at 1100�C consists of

micropores and approximately spherical-shaped grains

with relatively similar dimensions of 200–300 nm. Apatite

sintering at 1200�C leads to initiation of grain growth due

to formation of island shaped clusters beside micropores.

The presence of micropores is suitable for attachment of

osteoblastic cells.

Fig. 2 Zeta potential of HA particles as a function of pH

Fig. 3 XRD patterns of pure

HA and HA–SiC composites

sintered at different

temperatures: a 1100�C

and b 1200�C
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Microstructures of SiC-containing composites are totally

different. In both H95S5 and H85S15 specimens, clusters of

raspberry shape particles are seen within a microporous

matrix in which the contents of micropores decrease dra-

matically with increasing sintering temperature leading to

formation of more compacted structure. The energy disper-

sive X-ray analysis (EDXA) patterns of the samples sintered

at 1200�C (corresponded to SEM images in Fig. 4) are

shown in Fig. 5. For HA specimen, Ca and P and for H95S5

and H85S15 composites Ca, P and Si are the major elements

detected by this coupled technique. Regarding the size of the

phases and the used magnification, it is not possible to extract

the accrue analysis of a certain point in the SEM images,

because the electron beam spot size is larger than the size of

each phase and the found elements are resulted from a broad

region in the irradiated electron beam area. Overall,

regarding the EDXA data and XRD patterns of the samples,

the microstructures of composites consist of both SiC and

HA phases tightly connected together. Comparing SEM and

EDXA patterns of H100 and H95S5 and H85S15 sam-

ples suggests that the blistered grains in microstructure of

HA–SiC specimens are produced due to the presence of

SiC nanoparticles. Nanosized SiC particles can exhibits

improved sinterability due to their superior surface area.

Formation of a SiO2-rich layer on the surfaces of SiC parti-

cles due to their partial oxidation is also suggested. It can be

found from the matrix that the SiC particles were uniformly

distributed in the HA matrix. It should be noted that growth

of HA grains is limited by the presence of SiC particles. It is

major factor that behind enhanced mechanical properties of

composite as will be mentioned in next section. It seems that

volume of micropores in H85S15 is higher than that of

H95S5. It is also confirmed quantitatively by the percentage

of total porosity as shown in the next section.

Fig. 4 SEM micrographs of pure HA and HA–SiC composites sintered at different temperatures (Scale bar = 2 lm)
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5.4 Physical and mechanical properties

Table 1 shows some physical and mechanical properties of

different studied composites. The maximum value of

bending strength belongs to H95S5 and adding more than

5% of SiC causes decrease of r. The bending strength

increases with increasing sintering temperature too.

It is observed from Table 1 that fracture toughness (KIC)

increases with increasing sintering temperature; meanwhile

the maximum KIC value is reported for H95S5. The pres-

ence of SiC nanoparticles and their preventional role in

crack propagation as well as fine-grain microstructure are

responsible for increased toughness of this HA–SiC com-

posite. There is a description for the increased fracture

toughness of nanoSiC-containing composites such as TiC/

SiC. It has been stated that when a crack progressed for-

ward and reaches the SiC particles distributed at the

boundaries of HA grains, it is difficult for the crack to cross

through the SiC particles and the crack will be deflected

and propagates along the matrix and SiC grains boundaries

[21]. The similar statement can also be used to discuss

improved KIC of HA/SiC composites.

Increase in strength and toughness of other ceramics

such as Al2O3 added by small amount of nanosized silicon

carbide have been also reported [22, 23]. In addition to

above mentioned descriptions, changes in mechanical

strength of different samples can be explained by their

measured porosities. It is observed that the total porosity

increased by increasing temperature. Thus H95S5 sintered

at 1200�C has minimum content of porosity. On the other

hand, a reverse result is achieved for bulk density. The

increased porosity of H85S15, a sample with considerable

amount of SiC, probably is due to the partial decomposi-

tion of SiC to SiO2 and CO2. It is obvious that mechanical

strength will be decreased with increasing porosity.

As shown in Table 1, the hardness value of HA

increases by using 5 wt% of nanosized SiC in the com-

position. This issue is more obvious when samples are

sintered at 1200�C. However, the change in H value of HA

in not statistically significant by adding 15 wt% nanosized

SiC. It is stated that the hardness of ceramic materials is

strongly influenced by porosity [24]. Thus, the increased

hardness of H95S5 may be related to its low porosity

content. Substitution of SiC, a naturally hard material, for

HA in the composition can be referred as another reason

for this matter.

Fig. 5 EDXA patterns of a H100, b H95S5 and c H85S15 specimens

corresponding to the SEM images of those samples sintered at

1200�C (Fig. 4)

Table 1 Some physical and mechanical properties of HA and HA/SiC composites sintered at 1100 and 1200�C

r (MPa) KIC (MPa.m0.5) H (GPa) Db (g/cm3) Pt (%)

H100 1100 17.45 ± 2.33 0.55 ± 0.05 0.91 ± 0.10 2.24 ± 0.05 31.01 ± 4.30

1200 26.65 ± 4.25 0.71 ± 0.04 2.56 ± 0.31 2.51 ± 0.04 19.13 ± 3.22

H95S5 1100 23.67 ± 3.46 0.69 ± 0.03 1.11 ± 0.09 2.26 ± 0.03 30.47 ± 4.51

1200 39.80 ± 5.05 0.85 ± 0.03 3.07 ± 0.12 2.83 ± 0.03 12.76 ± 3.36

H85S15 1100 15.27 ± 4.33 0.52 ± 0.02 1.01 ± 0.21 2.29 ± 0.02 29.72 ± 2.55

1200 23.94 ± 1.46 0.65 ± 0.04 2.47 ± 0.09 2.69 ± 0.11 17.16 ± 5.74
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It is necessary to emphasize that the differences between

the results of various studies which reported mechanical

properties of HA invigorated with various additives/

admixtures not only is due to diversity of reinforcing phase

but also is resulted from differences in fabrication and

testing procedures.

5.5 Cell response

Figure 6 shows the results of proliferation test measured

for various specimens after different culturing periods.

After cell seeding, the osteoblasts begin to proliferate in a

time-dependent manner, because the difference in number

of viable cells existed on top of the same specimens is

statistically significant for different periods (P \ 0.05). At

2nd day, no significant difference in cell proliferation is

observed between the control (polystyrene) and other

samples (P � 0.05). At 5th day, the amount of formazan

produced by osteoblasts cultured on H100 is comparable to

that of polystyrene (P \ 0.05), while better proliferation is

observed for H95S5 and H85S15. The same result is also

observed for the samples at 7th day.

Figure 7 that shows the morphologies of the osteoblastic

cells attached onto the surface of the glass specimens can

confirm the results of MTT assay. In all samples, the sur-

face has been covered by polygonal osteoblastic cells with

developed cytoplasmic extensions and the cells became

confluence on top of the composites after 7 days. Note to

the higher abundance of osteoblasts on SiC-containing

composites in comparison with pure HA.

Alkaline phosphatase is known as an early osteoblastic

differentiation marker [25] produced by cells showing

mineralized extracellular matrix. ALP activity (Fig. 8) is

increased from 2nd day to 5th day of culture (P \ 0.01) for

all samples and then inhibited on 7th day for H95S5 and

H85S15 specimens (P \ 0.05), probably due to conflux of

expanded cells. At day 5th, higher lever of ALP is observed

for HA/SiC composites compared with both pure HA and

control sample (P \ 0.05). There is no significant differ-

ence in ALP activity of osteoblasts on H100 and com-

posites at 7th day (P [ 0.05).

Overall, the results of cell culture tests express better

biological performance of SiC-containing HA in compari-

son with the pure HA. It is suggested that is due to the

production of a Si-containing material when combining

SiC with HA. The surprising effect of Si ions on prolifer-

ation and activity of osteoblasts have been well docu-

mented in literatures [26].
Fig. 6 Proliferation of rat calvaria osteoblasts on the surfaces of

various HA-based composites studied in this work

Fig. 7 SEM morphology of the osteoblasts cultured on the surfaces

of specimens for 7 days: a H100, b H95S5 and c H85S15
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6 Conclusions

The following conclusion can be resulted from this study:

(1) Phase composition of HA–SiC composites depends

on different parameters such as sintering tempera-

ture and amount of each component, whereas in pure

HA, phase composition is independent of sintering

temperature.

(2) Both porosity and bending strength of SiC-HA

composites depend on concentration of SiC so that

these properties are improved by adding 5% SiC to

HA and fail by increasing SiC content up to 15%.

(3) The addition of SiC suppresses grain growth of

calcium phosphate phases during sintering.

(4) SiC can enhance proliferation rate and alkaline

phosphatase activity of osteoblastic cells when it is

added to HA to provide HA–SiC composite.
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