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Abstract—Polyurethane is a biocompatible polymer for body tissue regeneration. To improve compatibility as
a low-cost source, polyurethane was mixed with hydroxyapatite derived from chicken egg shells. The
hydroxyapatite is a key mineral of bone to preserve the structure’s rigidity. The polyurethane was synthesized
by prepolymer process and blended by solvent casting technique with egg shell derived hydroxyapatite. The
presence of characteristic bands from FTIR spectra confirmed the synthesis of egg shell derived hydroxyap-
atite, polymer and composites. Egg shell derived hydroxyapatite’s crystallite size was 44 Å with a hexagonal
structure. X-ray diffraction supported egg shell derived hydroxyapatite incorporation into the polyurethane
matrix. Through egg shell derived hydroxyapatite applying to polyurethane, composites thermal strength has
been greatly increased. Scanning electron microscopy has revealed a rough morphology of composites. In
phosphate buffered saline, composites had superior biodegradability. The cytocompatible property of synthe-
sized materials was identified in-vitro Methyltetrazolium bromide bioassay. With more egg shell derived
hydroxyapatite, the cell viability of the polyurethane-egg shell derived hydroxyapatite composites improved.
Such findings indicate a sustainable and economic solution for tissue regeneration to synthesize biodegrad-
able and cytocompatible materials.

DOI: 10.1134/S1560090421060221

INTRODUCTION

Hydroxyapatite (HA), Ca10(PO4)6(OH)2, is a white
solid and the crystal structure of HA belong to hexag-
onal crystal system. Hydroxyapatite is considered as
one of the bioactive, biocompatible and osteoconduc-
tive ingredients chemically similar to bone and min-
eral components of the tooth [1, 2]. Nanohydroxyap-
atite crystals and collagen matrix make up 65% of
human bone tissues. Surface orthopaedic coating,
dental implantation, bone fragment replacement, a
drug carrier for the delivery of a controlled drug, bone
defect repair, and as an inflammatory suppressant
have all been confirmed to use HA [3, 4]. More spe-
cific HA applications have also been reported such as
filler, catalyst, adsorbent, alveolar ridge reconstruc-
tion, metal implant coating and middle ear implant
ceramics because its structure is porous and also has
heat resistance [5, 6].

Synthetic hydroxyapatite may be prepared using
simple calcium ingredients from various chemicals
such as Ca(OH)2, Ca(NO3)2, CaCO3 or from natural
materials such as limestone and bioinorganic materi-
als such as bone, cockle shells, shellfish, coral or egg
shell [7–11]. Brittleness and fatigue were two of HA
main concerns. The use of HA in combination with
other polymers such as polylactide, polyamide, poly-

caprolactone, etc. is one of the most efficient solu-
tions to solve these problems. Such composites of
polymer and HA have a synergistic effect in applica-
tions [12, 13].

The chicken egg shell is a good and cost-effective
alternate source of HA [14]. Natural source of HA is
healthy and environmentally friendly. Egg shell
hydroxyapatite (EHA) was synthesized by chicken
egg shells which act as a calcium precursor [15]. The
calcination method decomposes and removes all
impurities of organic origin and pure HA is collected
[16–18].

Among the various synthetic polymer groups, PU
is an exclusive polymer class. It possesses high abra-
sion resistance, biocompatibility, f lexibility, elonga-
tion ability, and surface roughness. It is well known for
being easy to work with, thermoplastic, and thermally
stable. Most studies support the biocompatibility and
biodegradability of PU because of its unique composi-
tion and structure [19, 20]. PU is a widely used bioma-
terial in regenerative medicine applications like carti-
lage and bone repair, orthopedics, dentistry, ureteral
and cardiac stents, intravascular devices, drug delivery
vehicles and meniscal reconstruction. In addition to
biomedical applications, it has aerospace applications.
Synthetic polymers, on the other hand, have low bio-
chemical properties due to a lack of cell recognition
933
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Table 1. Sample composition

Sample code Composition PU, % EHA, 
%

PU IPDI : PCL : BDO – –
PU-EHA2.5 IPDI : PCL : BDO : EHA 97.5 2.5
PU-EHA5 IPDI : PCL : BDO : EHA 95 5
sites and low hydrophilicity, making them unable to
interact positively with cells or tissues.

The PU and synthetic HA have been combined
extensively to create composites that have shown
strong promise as biomaterials [21, 22]. However,
there are gaps in the literature regarding the biode-
gradability and cytocompatibility of HA and PU com-
posites made from egg shells. The high load bearing
capacity and bioactivity was investigated by carbon dot
decorated hydroxyapatite nanohybrid for bone tissue
engineering [23]. The mechanical, thermal insulation,
antimicrobial and anticorrosive properties were inves-
tigated [24, 25]. However, only physical, structural,
and morphological aspects of the composites were
studied, leaving the biodegradability and cytocompat-
ibility of the composites with the human Saos-2 cell
line to be determined. Furthermore, it is a green and
cost-effective approach to biomaterial synthesis.

The aim of this research was to improve the prop-
erties of PU by using a low-cost biofiller EHA. Egg-
shell contains about 95% calcium carbonate in the
form of calcite, as well as organic materials including
collagen, sulfated polysaccharides and proteins. The
PU as a matrix loaded with 2.5 to 5% of EHA and
studied its effect on the thermal stability and crystal-
linity of composites. To assess the biocompatibility of
composites, the Methyltetrazolium bromide (MTT)
bioassay used human Saos-2 cell lines, as well as their
mechanical and morphological characterization. The
findings indicated that the composites may be poten-
tial biomaterial for medical use.

MATERIALS AND METHODS
Materials

Isophrone diisocyanate (IPDI), dibutylindilurate
(DBTDL), poly(e-caprolactone) (PCL, 1000 g/mol),
tetrahydrofuran (THF) and N,N-dimethylformamide
(DMF), 1,4-butanediol (BDO) have been supplied by
Sigma-Aldrich Co., USA. Chicken eggs have been
bought from the local market.

Polyurethane Preparation
The prepolymer process was used to produce the

PU. The mole ratio of IPDI, PCL and BDO used in
the synthesis was 3 : 1 : 1. In a four-neck f lask, a mea-
sured quantity of PCL (8.62 g) was placed using DMF
(30 mL) in N2 atmosphere. By constant stirring, the
PO
temperature was increased to 60°C. Then, IPDI
(5.74 mL) and 2–3 drops of DBTDL were added to
the reaction mixture. With continuous 30 min stirring,
the temperature of the reaction mixture was increased
to 80°C. The viscosity was increased as a result of pre-
polymer synthesis. After that, a determined volume of
BDO (0.77 mL) was mixed and stirred for 30 min
more. Finally, viscous and transparent PUR was
formed. It was then poured onto Teflon plates and
dried for 24 h in a 60°C oven [26, 27].

Hydroxyapatite Preparation

The shells of the eggs were thoroughly washed with
water or acetone and calcinated in the aluminium cru-
cible gradient rise 10°C/min at 900°C for 3 h in fur-
nace. The egg shells were ground by kitchen blender to
fine powder. To make Ca(OH)2 solution, the CaO
obtained by calcining eggshells was combined with the
distilled water. EHA was made by using a wet chemical
precipitation process to combine calcium hydroxide
and phosphoric acid solutions in a Ca/P 1.67 ratio to
achieve a neutral pH. This solution was stirred for 5 h
at 60°C with 4000 rpm. The solution was filtered and
then dried in a 60°C oven for 24 h [10, 12, 28].

Preparation of PU-EHA Composites

The composites of PU-EHA have been prepared
using solvent casting. EHA has been incorporated into
the PU matrix at two levels: 2.5 and 5% (Table 1).
THF (30 mL) dissolved the prepared PU after stirring
for 1 h at 60°C. Similarly, EHA was dispersed in THF
(30 mL) with constant stirring at 60°C for 1 h. Then
the solutions were stirred and mixed at 60°C for 3 h.
After that, viscous mixture was casted onto Teflon
plates and then dried at room temperature [28, 29].
The whole synthesis scheme and flow sheet of PU-
EHA composites is shown in Figs. 1 and 2.

Characterization

The elucidation of the structure of PU and PU-
EHA was performed using a FTIR spectrophotometer
(Agilent Technologies Carry 630 USA). With resolu-
tion of 4 cm–1 and 128 scans, the spectrum ranged
from 4000 to 650 cm−1.

TGA was used to determine the thermal stability of
PU and PU-EHA5 (LECO TGA-701 USA). In a N2
atmosphere (50 mL/min), the samples were heated
from room temperature to 900°C. The temperature
was raised at a rate of 10°C per minute.

An X-ray difractometer (Pan Analytical X’Pert
Pro) was used to determine the structure of the EHA.
At a scan rate of 0.01 deg/min, the pattern of X-ray
diffraction was measured over a 2° range of 10°–80°.
Furthermore, XRD study of the composites confirms
LYMER SCIENCE, SERIES B  Vol. 63  No. 6  2021



POLYMER SCIENCE, SERIES B  Vol. 63  No. 6  2021

SYNTHESIS AND CHARACTERIZATION 935

Fig. 1. Flow sheet of synthesis of PU-EHA composites.
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Fig. 2. Practical route for preparation of PU-EHA composites.
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the presence of EHA in the PU. The EHA crystallite
size was determined using Scherrer formula.

TESCAN Vega LMU SEM was used to analyze the
morphology of the synthesized PU and PU-EHA
composites. The voltage and current supplied were
10 kV and 100 pA, respectively. For each sample, a
number of images were taken at various magnifica-
tions.

The absorption of water by PU and PU-EHA com-
posites was tested. Each sample were immersed in dis-
tilled water at room temperature for 24 h. Samples
were then withdrawn, washed, and weighed again. At
the time (t) the water absorption (wa) was determined
by percentage formula.

Phosphate buffered saline (PBS) was used as a deg-
radation medium to assess the biodegradability of PU
and PU-EHA composites. At ambient temperature
(35 ± 3°C), 0.1 g of PU and PU-EHA composites
were separately dipped in the PBS media (50 mL) for
30 days. After 30 days, the PUR and composites were
removed, rinsed with water. Then dried and weighed
to determine loss in weight.

Saos-2 is a human osteosarcoma cell line was used
for the cytotoxicity analysis of PU and PU-EHA com-
posites. The cells were grown in Costar T-75 f lasks in
the Department of Microbiology and Molecular
Genetics (MMG, University of the Punjab, Pakistan).
PO
Then subculturing twice a week at 37oC in a % CO2
and 100% relative humidity incubator supplied and
maintained at low passage 5 to 20.

During logarithmic growth process, adherent cells
had been washed with 2 mL of PBS. After that,
removed by adding 1X trypsin (0.5 mL) and incubated
at 37°C in an incubator for 2–5 min. 100 μL full
growth media was applied to each well of microplates.
Cells were calculated using Trypan blue dye staining
and a hemocytometer to achieve the desired densities.
At densities of 1 × 104 cells per well, each well was
inoculated. The cells were given various actinomycete
concentrations (25, 50, 100, and 200 μg/mL). To
avoid any mistakes, all triplicate experiments are car-
ried out. Control wells having the same volume of cell
culture were used in every experiment, with the posi-
tive (Triton X-100) and negative controls. Then, the
plates were incubated in CO2 at 37°C for 24 h.

After 24 h, MTT bioassay was applied to each well’s
culture media. The plate was then incubated at 37°C in
a 5% CO2 incubator. After 4 h, the plate was taken out
from incubator without disturbing the monolayers of
cells and the growth media was removed. After that,
100μL of DMSO was applied to all well and then dis-
solve the formazan. The spectrophotometer measured
the absorbance at 570 nm. The rate of inhibition was
LYMER SCIENCE, SERIES B  Vol. 63  No. 6  2021
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Table 2. Weight loss percentage of PU and PU5 at different temperatures

Sample code T10%, °C T30%, °C T50%, °C T70%, °C T90%, °C Residual, wt %

PU 296 336 371 416 478 0.79
PU5 308 338 378 426 523 4.99

Table 3. The characteristic peaks at 2 degree, the experi-
mental and determined d spacing, and the EHA hkl indices

*d spacing as recorded on EHA’s JCPDS card 9-432.
**experimental d spacing determined from Fig. 3a XRD pattern.

2 θ Determined 
d[A]*

Experimental 
d[A]** hkl indices

18.1 4.7160 4.7430 110

21.9 4.1106 4.1081 200

23.9 3.7354 3.7200 111

25.9 3.4241 3.4401 002

29.1 3.0800 3.0763 210

32.0 2.8029 2.8140 211

36.1 2.4596 2.4661 301

39.9 2.2574 2.2032 310

43.9 2.0832 2.0650 113

46.8 1.9356 1.9041 222

48.5 1.8900 1.8900 312
measured and plotted for all extracts to determine
their anticancer activities [27, 30].

Means were determined for quantitative analysis
and multiple comparisons using an independent sam-
ple t test and two-way ANOVA were used to assess sig-
nificant difference (p < 0.05).

RESULTS AND DISCUSSION
The FTIR analysis was used to monitor the entire

synthesis process. Figure 3 displays spectra of EHA,
monomers, PU, and PU-EHA composites. With
characteristic bands of O–H (stretching vibration),
carbonate, and phosphate at 3500, 1427 and 1020 cm–1,
respectively, Fig. 3a confirmed the synthesis of EHA.
IPDI (stretching vibration of –NCO and C–H), PCL
(asymmetric and symmetric stretching of C–H
hydroxyl group), and BDO (stretching vibration of
‒OH) are shown in Fig. 3B at 2940 and 2200 cm–1,
2940, 2860 cm–1 and 3200 cm–1, respectively.
Figure 3c shows the spectra of PU and composites.
The presence of characteristic –NH and –C=O bands
of urethane and disappearance of –OH and –NCO
bands of monomers in these spectra verified the syn-
thesis of PU. In composites, the stretching vibration of
–NH appeared at 3360 cm–1 in PU, with a red shift of
2 cm–1. At the lower end of the urethane –C=O
stretching vibration band, there was a red shift from
1719 cm–1 (PU) to 1728 cm–1 (PU-EHA composites).
The hydrogen bonding of EHA nanoparticles with the
PU matrix may be responsible for these changes. Fur-
thermore, the spectra of PU-EHA composites showed
distinct carbonate and phosphate bands at 1457 and at
1032 cm–1, respectively. The results supported the pro-
posed synthesis of PU and its composites [24–27].

TGA was used to examine and compare the ther-
mal stability of PU and PU5. Figure 4 shows the cor-
responding thermograms. Both samples showed two
stages of degradation with a similar degradation pat-
tern. The breakdown of urethane linkages caused the
highest degradation rate that was noticed between
336°C and 416°C. Because of ester bond decomposi-
tion in the polyol of PU and PU5, second stage degra-
dation was reported around 478°C. Table 2 sum-
marises the thermal degradation temperatures and
residual weight (%) of PU and PU5. With the addition
of EHA, this data clearly demonstrated some
improvement in thermal stability. It could be
attributed to the EHA and PU matrix’s mutual inter-
actions. Furthermore, the residual weight (%) verified
that EHA was added to the composite [20–24].
POLYMER SCIENCE, SERIES B  Vol. 63  No. 6  2021
The X-ray diffraction patterns of EHA, PU,
PU2.5, and PU5 are shown in Fig. 5. EHA character-
istic peaks are at 18.1° (110), 21.9° (200), 23.9° (111),
25.9° (002), 29.1° (210), 32° (211), 36.1° (301), 39.9°
(310), 43.9° (113), 46.8° (222) and 48.5° (312) of 2θ.
Table 3 demonstrates how these peaks are compared to
JCPDS card 9-432. Furthermore, this standard data
confirmed EHA’s hexagonal crystal structure. Scher-
rer’s formula calculated EHA’s crystallite size to be
44 Å. The amorphous diffraction pattern of PU is
shown in Fig. 5b. The composites have a broad peak
from 15° to 25° of 2θ in their diffraction pattern. An
amorphous structure with some ordered moieties is
revealed by this pattern. In addition, the PU compos-
ites revealed a range of EHA characteristic peaks,
including (hkl) 002, 210, 211, 222, 310, 113, and 312,
though at a lower intensity. These findings backed up
a smooth and consistent integration of EHA into the
PU matrix. It was most likely caused by secondary
interactions between PU chains and EHA [31, 32].

SEM was used to examine the morphological
properties of PU and composites. Figure 6 shows the
micrographs of PU, PU2.5 and PU5. Micrographs
showed that a highly porous network structure was
composed of biocompatible composites. Agglomer-
ates had irregular shape of rod and spherical form.
Nano sized EHA had potential to create more benefi-
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Fig. 3. FTIR spectra of (a) EHA; (b) monomers (1) IPDI, (2) PCL1000, (3) BDO; (c) composites (1) PU, (2) PU2.5 (PU with
2.5% EHA) and (3) PU5 (PU with 5% EHA).
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Fig. 4. TGA thermograms of (1) PU and (2) PU5 (PU with
5% EHA).
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cial porous surface. With the addition of EHA, a
smooth morphology of pure PU became an extremely
rough surface. Composites with rough morphologies
may be suitable for use as biomaterials [10, 29].

MTT bioassay was used to determine the cytotox-
icity of PU composites in vitro. Figure 7 shows the
comparison of the results to the control. These find-
ings were statistically analyzed using a two-way
ANOVA, with a significance level of p < 0.05. These
findings showed that the cell lines Saos-2 were
nontoxic by the synthesized polymer and composites.

Furthermore, the addition of EHA to PU increased
cell viability (%) significantly. With an increased
amount of EHA in composites, an increasing trend in
cell viability (%) was observed, suggesting that the
commendatory addition of EHA was justified [1, 13].

Figure 8 shows the effects of testing of absorption
of water of PU and PU-EHA by immersing them in
LYMER SCIENCE, SERIES B  Vol. 63  No. 6  2021
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Fig. 5. XRD patterns of (a) EHA, (b) PU and composites: (1) PU, (2) PU2.5, and (3) PU 5.

20

40

60

80

0
10 15 20 25 30 35 40 50455

2θ, deg

Intensity, a.u.

(a)

11
0

11
120

0

21
0 31

0

31
222

2 31
2

22
2

11
3

21
1

30
1

00
2

100

200

300

400

500

0
10 15 20 25 30 35 40 50455

2θ, deg

Intensity, a.u.

(b)

1

2

3

002
210

210

310 113

222
211

211

Fig. 6. Scanning electron micrographs of (a) PU, (b) PU2.5, and (c) PU5 at 2 μm.
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Fig. 7. Cell viability (%) against PU, PU2.5 (composite
with 2.5% EHA) and PU5 (composite with 5% EHA).
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 distilled H2O. Both of the samples water absorption
level increased over time. All immersed samples
attained optimum water saturation after 24 h. The PU
had the highest water absorption of 10%, while PU-
EHA5 had the lowest water absorption of 8%. It may
be because composites have less hydrophilic poly-
meric matrix than pure PU [27, 33]. Figure 8 also
shows the weight loss as a measure of biodegradation
of PU and PU-EHA composites in PBS. Due to
hydrolyzing of soft segments, the PU was biodegrad-
able up to 11%. Due to the fall off of EHA from the
composite inside PBS, the PU5 had high weight loss
of 14%. The loss of EHA caused multiple voids in the
composite, weakens the PU skeleton and exposed
more surfaces to hydrolytic reactions [19, 33].

CONCLUSIONS
PU was combined with HA derived from the waste

chicken egg shells. Egg shells were calcined at a high
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Fig. 8. (1) Biodegradability and (2) water absorption of PU, PU2.5 (PU with 2.5% EHA) and PU5 (PU with 5% EHA).
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temperature to create the EHA. It was used at two sep-
arate levels in the PU matrix, 2.5 and 5%. The crystal-
lite size of EHA was 44 Å and XRD verified that it had
a hexagonal shape. The integration of EHA into the
PU matrix was also supported by XRD. The synthesis
was confirmed by the appearance of characteristic
bands in the FTIR spectra of PU and its composites.
The TGA revealed that increasing the amount of EHA
in a composite improves its thermal stability. The
composites’ rough morphology was shown by SEM
analysis. In terms of weight loss, phosphate buffered
saline had a greater biodegradability of composites.
The cytocompatibility of prepared materials was
determined using an in vitro MTT bioassay. Compos-
ites on the other hand, showed increased cell viability
as the EHA content increased. As a result, these com-
posites can be suggested as a biodegradable and bio-
compatible candidate for biomedical applications, as
well as a cost effective and environmentally friendly
method of preparation.
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