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 ةالخالص

.  % من اهليدروكسى ابيتايت اجلاف احملضر من قشور البيض على درجة التحول ملادة الراتنج االكريلى٥% و٢إضافة   FTIRهو مالحظة مدى تأثري: األهداف
من مادة الراتنج االكريلي بعد  ) عينات من مادة الراتنج االكريلي بدون إضافة مادة اهليدروكسي ايبتايت وحتضري عينات أخرى٣٦حتضري(: مت العملوطرائق المواد 

ساعة مث نقوم بأخذ جزء من العينات  ٢٤ساعة مث جتفيف العينات ملدة  ٤٨% مث وضع العينات من ماء مقطر ملدة٢% و ٥إضافة مادة اهليدروكسي ابتايت برتكيز 
% على مادة ٥% و ٢د خلط مادة اهليدروكسي اباتايت برتكيز دلت الدراسة انه عن: النتائج FTIR بعد خدشها باستخدام سكينة حادة مث نقوم بقياسها جبهاز.

وهذا يعين عدم تأثر تركيبهما الكيميائي والسريري مما ميكن من استخدامهما  : اتاالستنتاج طقم األسنان فان املواد متتزج فقط وال حيدث بينهم أي تفاعل كيميائي
 يعانون من نقص يف مادة اهليدروكسي اباتايت يف العظام كمزيج متجانس يف طقم األسنان حلاالت عالجية للمرضى الذين

 
 

ABSTRACT 
Aims: To evaluate the FTIR of Hydroxyapatite additives  2 %, and 5 % of dry (HAP) prepared from 
egg shells to the polymer. Materials and Methods: Thirty six specimens of heat cured acrylic resin 
and other specimens of heat cured acrylic resin with 2 % and or 5 % prepared then immersed in dis-
tilled water for 48 hours then dried for 24 hours then scratched with sharp knife and measured by FTIR 
spectra.  Results: The result showed when adding 2% &/or 5% hydroxy apatite to heat cured acrylic 
resin denture base material resulting a homogenous mixture, without chemical reaction in between and 
without changes of acrylic resin properties.  Conclusion: they can be used together in patients with 
bone hydroxy apatite deficiency. 
Keywords: FTIR test, Dry (HAP) 
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INTRODUCTION 
During curing of acrylic resin, 

polymerization is initiated by free radicals 
from the benzoyl peroxide. As polymeri-
zation proceeds, the reaction never reach 
100% conversion i.e. conversion of mon-
omer into polymer is not completed. The 
degree of conversion is the most important 
criterion that account for un reacted resid-
ual monomer levelsP

(1)
P.The final degree of 

conversion of a resin depends on the 
chemical structure of the dimethylmethac-
rylate monomer and the polymerization 
conditions i.e., atmosphere, temperature, 
light intensity and photo initiator concen-

trationP

(2)
P.  

The degree of conversion is expressed 
as percentage of un reacted C=C bondsP

(3)
P. 

In general raised temperature and extend-
ed polymerization time showed improved 
conversion and lowering the monomeric 
release. Increasing time at boiling during 
curing result in improvement in studied 
properties specially the degree of conver-
sionP

(4)
P. The degree of conversion of dime-

thyl methacrylates may be improved if the 
distance between the methacrylate groups 
is long, and the molecular weight is high, 
respectively. High conversion is not a goal 
in itself, however, If the monomer is very 
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flexible and not sufficiently bulky, the de-
gree of conversion will be high, but the 
mechanical properties will be poor(5). Wa-
ter bath and microwave post polymeriza-
tion (The material was polymerized in a 
microwave oven and the kinetics of re-
lease of residual monomer in water was 
evaluated by spectrophotometric method 
up to 24 h) treatments decrease the residu-
al monomer of auto polymerized acrylic 
resin(6). Fourier transform infrared spec-
troscopy (FTIR) is a widely used analyti-
cal technique that is routinely applied to 
the characterization of biomaterials. How-
ever ,preparing specimens of biomaterials 
for infrared spectroscopy is often a tedious 
process. The main sampling problem in 
FTIR characterization of  biomaterials is 
that nearly all solid materials are too 
opaque in their normal forms for direct 
transmission analysis in the mid-infrared 
region. This problem can be solved by 
reducing the optical density of specimens 
to a suitable level by employing various 
sampling techniques(7). These procedures, 
however, can alter the nature of the sample 
and are time consuming. Limited amount 
of information is available within the near 
infra-red spectral-region, whereas the mid 
infra-red region provides most spectral 
bands for required characterization.(8) So   
photo acoustic sampling (PAS) provide 
solution to these problems and the materi-
als can be easily analyzed by PAS-FTIR 
sampling without the need to reduce the 
particle size or dilute with KBr, allowing 
the analysis of  biomaterial in a physiolog-
ical condition (9).Microwave post polymer-
ization resulted in a higher degree of con-
version and higher flexural strength of an 
auto polymerizing acrylic resin repair ma-
terial. (10) 

 
MATERIALS AND METHODS 
Hydroxyapatite (HAP) was synthe-

sized by the slow addition of 0.6M H3PO4 
(Phosphoric acid) to the aqueous (molar 
ratio) suspension of CaCO3 (Calcium car-
bonate) under constant stirring. The result-

ant was filtered and dried at 50°C for 3 
hours and sintered in air atmosphere at 
1100°C for 2 hours. To obtain principal 
HAP critical control of the pH of the reac-
tion and concentration of the reactant is 
required. The final product was character-
ized for its crystalline and phase behavior 
through instrumentation techniques by 
infrared spectrophotometer and compare 
with standard as control .  
10Ca(OH)2 + 6H3PO4 → 
Ca10(PO4)6(OH)2 + 18H2O 

The degree of conversion of the mate-
rials  under investigation was determined 
by Fourier transform infrared spectroscopy 
(FTIR) thirty six specimens of heat poly-
merizing resin with dimension of 
10x4x4(±0.03)mm were prepared, and 
divided into three groups (First group 
Control, Second group with HA 2%, Third 
group with HA 5%) after that the speci-
mens were finished with stone bur and 
sand paper to remove any gypsum product 
on their surfaces then they polished and 
stored in distilled water at 37(±1)C for 48 
hours(2). After 48 hours, the specimens 
were removed from water and dried in air 
and then scraped using a sharp, clean and 
sterile wax knife to obtain powder of the 
polymerized specimens. Then 300 mg of 
the sample powder was grinded finely, 
under anhydrous conditions, in an agate 
mortar. This powder is then thoroughly 
mixed with 100-200 mg of oven –dried, 
spectral-grade; 100-200 mesh potassium 
bromide powder. The mixture pellets is 
then mounted on a holder and placed in 
the sample beam of spectrometer (3).  The 
FTIR spectra was carried by Tensor 27 
FTIR spectrophotometer. 

 
RESULTS  

Results of FTIR test shown in figures 
(1-3). In the IR charts two important  ab-
sorbance peaks appeared (the absorbance 
of the C=C band from the methacrylate 
group which appear around 1640 cm-1 and 
the absorbance peak of the C=O from the 
ester group appear around  1720cm-1). 
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Figure (1): Infrared spectrometer chart of the monomer (methyl methacry-
late),Control acrylic resin only. 

 
 

Figure (2): Infrared spectrometer chart of the monomer (methyl methacry-
late), Acrylic resin with 2% hydroxyapatite. 

 
 

         
 

 
Figure (3): Infrared spectrometer chart of the monomer (methyl methacry-

late), Acrylic resin with 5%hydroxyapatite. 
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DISCUSSION 
Fourier transform infrared spectrosco-

py (FTIR) is a widely used analytical 
technique that is routinely applied to the 
characterization of biomaterials. Hydroxyl 
stretch is observed at 3569 cm~1 in the 
spectra of synthetic commercial hydroxyl 
apatite.  

    The IR spectrum of raw HA powder 
are showed. The broad peak ranging from 
3300-3600 cm-1 can be explained owing to 
O-H group stretch vibration. The band at 
1450 cm-1 is assigned to the CO3

2- stretch-
ing. An intense PO4

3- peak appeared at 
1048 cm-1. Additional phosphate group 
bands are found in the region 963, 875, 
633 and 472 cm-1, a sharp peak of OH 
stretch vibration band appeared at  
3570 cm-1 and a less intense CO3- peak ap-
peared at 1450 cm-1 (11).  

An intense PO4
3- peak appeared at 

1048 cm-1. The additional phosphate peaks 
are found in the region 1110, 975, 600 and 
470 cm-1(11).  

The C-O-C peak at 1254, 1200 cm-1 

and an intense phosphate peak is found is 
found at 1040 cm-1. The additional phos-
phate group bands at 810 cm-1 and 757 cm-

1. In this spectrum, there is no peak at 
2270 cm-1(11). 

The FT-IR spectrum of PMMA (Fig-
ure 1) indicates the details of functional 
groups present in the synthesized PMMA. 
A sharp intense peak at 1731 cm-1 ap-
peared due to the presence of ester car-
bonyl group stretching vibration. The 
broad peak ranging from 1260-1000-1 can 
be explained owing to the C-O (ester 
bond) stretching vibration. The broad band 
from 950-650 cm-1 is due to the bending of 
C-H. The broad peak ranging from 3100-
2900 cm-1 is due to the presence of stretch-
ing vibration(12). 

Figures(2 and 3)  shows the IR spec-
trum of HAP/PMMA. The band at 3000 
cm-1 is assigned to CH3 stretch vibration. 
A very strong band appeared at 1735 cm-1 

belongs to the carbonyl group,. Band at 
2940 cm-1 is from –CH2 stretch vibration. 
The C-O-C peak at 1254, 1200 cm-1 and an 
intense phosphate peak is found is found 
at 1040 cm-1. The additional phosphate 
group bands at 810 cm-1 and 757 cm-1. The 
FT-IR spectra provide strong proof that 
the functionalized PMMA were actually 

grafted to HAP through In the spectra, 
therefore, a PMMA spectrum is clearly 
recognizable(11). From the FTIR charts for 
control and heat cured acrylic resin after 
adding hydroxyl appetite they showed 
there are no any change in the region of 
bands for C=C and  C-C to polymer before 
and after addition of (HA) this indicate 
there is no chemical reaction occurred and 
this mean there are no any conversion fac-
tor happen but the additive minimize the 
residual monomer.  

 
CONCLUSION 

The addition of 2% &/or 5% hydroxy-
apatite to heat cured acrylic resin denture 
base material resulting a homogenous 
mixture, without chemical reaction. 
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