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ABSTRACT 

The colloidal non-aqueous precipitation method was used to prepare a biocompatible 

magnetic ceramic–polymer composite [Hydroxyapatite/ Polyvinylachohol (HAP/PVA)] 

for medical applications. The starting materials used for preparing hydroxyapatite (HAP) 

were calcium nitrate and diammonium hydrogen phosphate, while the biodegradable 

polyvinylachohol (PVA) and nanosized iron oxide particles (γ-Fe2O3) were used to 

generate a biocompatible magnetic gel film. The results showed that the specimens of 

composite containing up to 30wt% hydroxyapatite didn’t explore any of phase 

separation; further the incorporated of the ferrite enhanced the affectivity and the stability 

of the composite. The surface morphology and magnetic properties of the gel films were 

studied and the magnetization measurements were carried out at 5-300Kº. it showed that 

no remnant magnetization at 300 Kº,  but at 5 Kº hysteretic loop was observed leading to 

confirm that the superparamagnetic nature of the nanosized maghemite particles didn’t 

affect in presence of the polymer and its behavior considered as superparamagnetic 

material. 
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 مغناطيسية للتطبيقات الطبية -حيوية تحضير متراكبات
 الخلاصة

بةةوتٌارذا والتروليقٌةة اا-طرٌقة الترريةةٌنااةةحالتا اتٌةوالترسوٌةة اليةةرر اتاتر  ةةٌرااررل ةنا يةةٌرلٌ 
لت ٌارٌ ااعالنيج التجيمايًالترطبٌقاتالتطبٌ ات قوارراٌمالتعظاماو  ت اتلايرفا ةااةحا تة التاررل ةنابعة ا

رلرٌةةةةة التعاتٌةةةةة ارفعٌلةةةةةاااسناطٌيةةةةةٌااتعةةةةةلاسابعةةةةةطالقورلمالتيةةةةةرطانٌ ابطرٌقةةةةة التعةةةةةلاساباتاعاالةةةةة الت 
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 hyperthermiaيويةفورقنراسا-.التاول القيايةٌ ايةًالتر  ةٌرانةًانرةرلتالت اتيةٌوماوانةايًالاةونٌم ذ
ذاولترًارصنفاباعربارناااةا ةابةبٌه اباةا ةايةٌرلاٌ التعظةاماولقيةناحا اHAPاا ةالتهٌ رو يًالبراٌتا 

ذاو تة اγ-Fe2O3لو يةٌ الت  ٌة و)ا ذالتاصنفا ا  التاول التبوتٌارٌة ا ااوPVA ا وبوتًاينٌوالت  وو
ذاو واصف ااسناطٌيةٌ .التنرةايبابٌنةتالحالتناةا سالتا  ةرةابنيةب اgelتجعوالتاررل ناعلىانٌي انلااٌ ا 

%ااةةحالتيةةٌرلاٌ ا لتهٌ رو يةةًالبراٌةةتذاتةةمار ةةهرالياطةةورالنفصةةاتًاتاةةول التاررل ةةنا03لعلةةىااةةحا
تاررل نالتنةاربابهٌية ابلورٌة اارااية  اوانرظاة التا  ر.اانرايباي وصاتا ٌو القبع التيٌنٌ الظهرتال

وراتٌةة ااةةحالتبةةولين.اصةةورالتررل ٌةةنالتاجهرٌةة الظهةةرتا طةة الترجةةاناالتيةةط ًاتلار ةةنا.الترةةول ا
 لفحا ٌثارماالا ظة اا033-5لتاسناطٌيٌ اراتا رليرهاابقٌااا لق التهيررةاعن الت رجاتالت رلرٌ ااحا

ٌواعلةىالتطبٌعة التاسناطٌيةٌ التعاتٌة اتلجيةٌااتالتنانوٌة اتلهةلاما لفحاون لاٌعطًالت ت5ان نىالتهيررةاعن ا
لتاسناطٌيةةًالتار ةةوحااةةعالتاررل ةةنا ٌةةثاقٌةةواراوجةةو التبةةوتٌاراعلةةىالترةةول التاسناطٌيةةٌ اااةةااٌعطةةًا

 لنطباعااباحالتاررل نالتا  راٌرارعابصفاتااسناطٌيٌ اعاتٌ .
ا

         رلرياتليرطاحا التبوتٌارلتالتقابل اتلر لوا التهٌ رو يًالبراٌتا التعلاسالت  :الكلمات المفتاحيةا
 الحياتية لتروليقٌ                          

 

 
INTRODUCTION 

etals, polymers, and ceramics were used as bone replacement materials. Metals 

were regarded to be biologically inert, while ceramics and polymers considered 

as inert or bioactive. Most metals used in surgery were providing assistant for 

bone without interacting with the surrounding tissues. The currently needing for 

biomaterials used in bone tissue engineering is not only to create strength but also to 

explore bioactivity that can interact within tissues without causing any disadvantage 

effects. So the attributes of bioceramics based on calcium/phosphor and the polymers 

were making them the most implanted materials in bone tissue engineering (1–6). 

It is a well-known that hydroxyapatite (HAP) was used clinically for filling bone 

defects. So HAP is biocompatible and non-toxic, having a structure similar to natural 

bone minerals and to form direct bond with bone tissues. For that, in recent years, various 

kinds of bioactive bone materials were developed to solve this problem (3-6).  

Polyvinyl alcohol (PVA) was considered as synthetic biocompatible polymer for it 

has a large number of hydroxyl groups leaded it to react with several types of functional 

groups. It is in wide use in the system of sensors and in drug delivery. Bioceramics were 

able for osteoconductive but extremely brittle. Thus a composite containing bioceramics 

and biopolymer could offer the osteogenic property and the composite could offer good 

mechanical properties (7). 

Magnetism was found to play in wide applications of health care, as example, the 

magnetite Fe3O4 is biocompatible and therefore considered as one of the most 

biomaterials benefit to use for various applications ranging from cell separation, drug 

delivery and hyperthermia. Hyperthermia is a type of cancer's treatment in which body 

tissue is exposed to high temperatures (up to 42-46°C) to damage and/or kill cancer cells 

(8-12).  

The objective of this research is to explore new approaches to generate highly pure 

magnetic ceramic/polymer composite (HAP/PVA) using a colloidal non-aqueous 

M 
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precipitation method at room temperature, and to control of the HAP microstructure 

which expected to be advantageous in adjusting the amount of HAP that can be 

incorporated into the composite. 

 

EXPERIMENTAL 

The starting materials used for prepare the composite were, calcium nitrate 

tetrahydrate (Ca (NO3)2.4H2O, Fluka) and orthophosphoric acid (H3PO4, 85 %, Aldrich), 

tetrahydrofuran (THF, 99%, Aldrich) which used as the solvent and poly vinyl alcohol 

(PVA, Mw = 25,000 and 125,000- Merck) was used as the biodegradable polymer. The 

pH of the reaction was adjusted with NH4OH (30%, Merck). Four samples of the 

composites (HAP/PVA) containing 10, 20, 30, and 40 wt % of HAP were prepared, 

respectively. According to the reaction formula: 

10 Ca (NO3)2.4H2O + H3PO4 + 20NH4OH = Ca10 (PO4)6(OH)2 + 6H2O +20NH4NO3 

At the beginning, H3PO4 added to tetrahydroflouran (THF) followed by the slow 

addition of NH4OH with stirring for 30 min until a pH adjusted to 10. Ca(NO3)2.4H2O is 

then added in proper proportion to achieve a Ca/P ratio of 1.67 with continues stirred. 

The reaction is allowed to aging period for 24 h. The polymer PVA was dissolve in the 

(THF) at room temperature. After stirring for 3 h, NH4OH is added to achieve a pH of 10 

in order to disperse the HAP particles. The HAP formation was dispersed in the polymer 

matrix with stirred until the viscous solution has produce, and then poured into a small 

dish. After that, nanosized iron oxide (γ-Fe2O3, ~100 nm) was added to the above 

components to produce the magnetic gel compound. Glutaraldehyde was used as 

crosslinking agent (at slightly acidic pH, about 6) using 1M nitric acid.  

The prepared composites were characterized for elemental composition by the 

technique of atomic absorption spectroscopy (AAS, 760 Shimadzu –Japan]. The phase's 

patterns were estimated using X-ray diffraction technique (XRD diffractometer, X 6000 

Shimadzu- Japan) and surface morphology by scanning electron microscopy (SEM). The 

magnetic properties of the all samples of composite prepared were measured using 

vibrating sample magnetometer (VSM) by placed a small piece of magnetic composite in 

a gelatin capsule and inserted in the VSM device.  

 

RESULTS AND DISCUSSIONS 

The variations in pH of the solution were found to affect the chemical reaction due to 

solubility altered, further the powder's agglomeration tendency. The longer aging time 

allowed the reagents to be fully reacted forming the precipitates of the desired compound. 

After dissolving the PVA polymer and stirring for over 3 hours, the pH is adjusted near 

10 by adding NH4OH. 

The XRD pattern of the composite prepared is showed in Figure (1), which revealed 

the presence of semi-crystalline PVA polymer and HAP in the polymer matrix. In order 

to confirm the crystalline nature of hydroxyapatite present in the composite, the PVA and 

ammonium nitrate were removed by washing in THF and distilled water, respectively. A 

strong peak at 31.78 represents the pattern of the final powder corresponded to crystalline 

hydroxyapatite (HAP). The results confirmed that the composite prepared of (apatite-

magnetite) was dissolved at a rate dependent on the amount of iron in the lattice of 

apatite. So the dissolution at 37oC was found to be about 5 ppm over a period of one 
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hour. Also the temperature required for heating the ceramic for hyperthermia treatments 

was increased the solubility and also from the internal stress of temperature gradient 

within the ceramic (11, 12) 

Heat treatment at atmosphere was affected the iron transportability, which produced a 

hematite, while nitrogen be useful for the formation of iron containing apatite, so the 

selection of a reducing atmosphere could produce magnetite with a fine dispersed in a 

bioactive hydroxyapatite phase. 

The HAP microstructure images were obtained as rough surfaces free of particular 

facets as showed in Figure (2), it revealed as spherical with no distinct orientation due to 

the presence of ammonium nitrate. The HAP mean particle size was found at the range of 

(10–100) nm and appeared to be in homogenous distribution in PVA polymer matrix.  

Scanning electron microscopy (SEM) was used to evaluate the size and the shape of the 

magnetite particles (γ-Fe2O3, ~100 nm). The image showed in Figure (3) revealed the 

magnetic composite particles which at the size range of (70 – 100 nm) and in 

approximately as uniform distribution.  

Table (1) showed the magnetization measurement of different samples of 

HAP/PVA composites with various weights ratio. It was appeared that almost no remnant 

magnetization was showed at 300 Kº, but at 5 Kº the hysteretic loop was observed Figure 

(4), leading to confirm that the superparamagnetic nature of the nanosized maghemite 

particles didn't change in presence of the polymer network and the composite itself 

behaved as a superparamagnetic material. 

 

CONCLUSIONS 

Composites containing HAP and PVA were successfully synthesized by a non-

aqueous based chemical reaction. The process leads to the generation of a single phase of 

stiochiometric HAP since the pH level of the solution was maintained in excess of 10. 

Analysis of the composite indicates a homogeneous distribution of the HAP particles 

within the polymer matrix. The magnetic gel which produced out of crosslinked magnetic 

nanoparticles in the polymer network was found to be stable and possess the magnetic 

properties of the nanoparticles. 
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Table(1) Saturation Magnetization, Coerecivity and Retentivity of Different 

HAP/PVA Composites with Different Weights Ratio. 

 

Sample 

No. 

Magnetization 

(emu/gm) 

Corecivity 

(Gauss) 

Retentivity 

(emu/gm) 

10% wt HAP/PVA 12.8 1060 6.9 

 

20% wt HAP/PVA 14.5 1100 7.5 

 

(30% 

wt)HAP/PVA 

15.4 1149 8.18 

 

40% wt HAP/PVA 17. 3 1173 8.69 
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Figure (1) XRD Patterns of HAP/PVA Biomagnetism Composite 

 at various weights ratio of HAP (a) 10% wt  

(b) 20% wt, 30% wt and (d) 40% wt. 
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Figure (2) Micrograph Images of HAP/PVA Composites Containing 

HAP  (a) 20 wt. % and (b) 40 wt. %. 
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Figure (3) Micrograph for (a) Maghemite (γ-Fe2O3) Particles 

and (b) PVA Magnetic Gel. 
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For PVA magnetic film 

 

 

Figure (4) Hysteretic Plot for Magnetic 40 wt % HAP/PVA Composite. 

   

 


