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Hydroxyapatite (HA) is a ceramic made up of phosphate and calcium ions. Because
of its bioactive properties, HA can interact with surrounding tissue after being
implanted. This material is useful in several applications. So in this study we
employed the sol-gel methodology to obtain a silica matrix modified with calcium
and phosphate ions. We prepared the matrix by hydrolysis and condensation of the
precursors HA with tetracthyl orthosilicate (TEOS), which were the sources of
silicon, and the study included the chemical synthesis of new polyurethane based
on modified hydroxyapatite (MHA). These polymers were prepared through the
reaction of methylene diphenyl diisocyanate (MDI) with different percentages of
MHA (10, 20, and 30%) and also the synthesis of polyurethane by direct reaction
of MDI with MHA in the presence of a catalyst. Thermal stability of the prepared
polymers was assessed using thermogravimetric analysis (TGA). The results show
that the prepared polymers have one decomposition temperature over 200 °C. Also,
the rate of decomposition decreases with an increasing percentage of MHA, and
that means the presence of this modifier improves the thermal stability of polymers.
On the other hand, the decomposition of polymers (after heat treatment) was more

than 500 °C.

1. Introduction

Polyurethane is quite fascinating. It ticks off with a
remarkable step — growth polyaddition reaction, where
diisocyanate group (-NCO) meets and merges with a
hydroxyl group (-OH), culminating in the formation of
urethane bond [1]. As we delve into PU synthesis, we are
greeted by a variety of long-chain Polyols such as
polyesters, polyethers, and polycarbonates that can step
into the spotlight. On the flip side, the second key players
in this dynamic di iso cyanates [2], what makes (PU) truly
specialist its intriguing Segmental structure / consisting
of distinct hard and soft segments. The soft segments are
born from polyols, while the hard segments are crafted
from diisocyanates along with short chain extenders [3].
Polyurethan had a wide range of applications, such as
thermal and sound insulation applications for buildings,
as well as in automotive tires, coatings, adhesives,
sealants, and elastomers [4]. The world of sports has also
embraced the amazing capabilities of polyurethane,
playing a pivotal role in formulating running surfaces that
gently soothe athletes’ joints and in creating mats for

various sports. Moreover, the material lends its durability
to boat construction, protecting ships from the ravages of
water and petrochemicals [5].

Recent studies on hydroxyapatite have unveiled its
remarkable role in bolstering the fire resistance and
smoke suppression capabilities of polyurethane fire
retardant. Composites fused with nano-HAP recently
synthesized have been paving the way for new
applications; for example, skin treated with
hydroxyapatite showed Significant improvement in five
resistances when placed over its untreated counterpart
[6]. This leather was only partially burned. This behavior
confirms the profound effect of hydroxyapatite on the fire
resistance of leather. This improved performance is likely
due to its exceptional thermal stability, which represents
a major advance in fire resistance technology [7]. Several
research studies used hydroxyapatite as internal and
interaction crosslinks as well as a reinforcing filler to
augment thermal and surface properties [8].
Hydroxyapatite (HA) (Caio (PO4)s (OH)2) is among the
ceramic materials that are biocompatible.

belong to a class of tunable bioactive materials called
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calcium phosphate cements (CPCs) [9]. HA, collagen,
and water make up the majority of natural bones. The
natural substance found in teeth and bones is similar to
the synthetic one.

Furthermore, synthetic hyaluronic acid (HA) is
bioactive and biocompatible. It is a nontoxic as well as
osteoinductive substance; hence, this mineral has several
applications [10].

Polymeric materials have been used in several
applications, so in this paper, new polyurethane was
prepared from MHA using tetraethoxysilane (TEOS) as a
precursor material for silicon, and their thermal stability
was studied.

2. Materials and Methods

2.1. Materials

Methylene diphenyl diisocyanate (MDI) was supplied
from Sigma Company with the following specification:
Looks like a dark brown liquid, NCO content (wt %):
30.0-32.0, Viscosity (cps/250°C): 115-120 SP. Gravity
(at 25°C): 1.23-1.25; Acidity (wt. %): Max 0.1. Polyester
polyol was supplied from the Merck company with the
following specification: pale yellow, Hydroxyl content:
60 mg KOH/g, Acid Value: 1.4 mg KOH/g, Viscosity:
9000 + 1500 at 35°C CP. Tetracthoxy silane (TEOS):
This material was supplied from the Merck company with
the following specifications: Appearance: colorless
transparent liquid Density: 0.92-0.96 g/cm?, Purity: 99%,
Refractive index (n25 D): 1.3788-1.3888

2.2. Instrumental

Fourier transform infrared (FT-IR) spectroscopy
test: The Shimadzu FTIR-8400S was used to perform the
FTIR spectra of cured phenolic resins. Each spectrum
was captured using a potassium bromide (KBr) disk in the
400-4000 cm™ frequency range. Previously, the KBr was
oven-dried at 300 °C to lessen the water's interference.

Thermogravimetric Analysis (TGA): The TGA
Q50 V20 Dynamic scan was used to analyze the TGA
measurement. It was conducted in a nitrogen atmosphere
at a flow rate of 30 ml/min, with a temperature range of
25-700 °C and a constant heating rate of 50 °C/min.

2.3. Synthesis methods

The prepared of the materials were donated in Table 1.

2.3.1. Synthesis of hydroxyapatite

Nano hydroxyapatite was prepared by mixing two
solution, the first one was prepared by dissolve 11.4 g of
diammonium hydrogen phosphate (NH4)HPO,) in 125
ml of distill water and adjust the pH to while the other
solution was prepared by dissolve 35.4 g of calcium
nitrate tetrahydride in 125 ml of distilled water and adjust
the pH to 7.4, then mixing these two solutions under good
stirring at room temperature for 4 hours, taking into
account that the pH should be equal 10.8 using a 0.1 M
solution of sodium hydroxide (NaOH). After this the
solution was left at room temperature overnight, a white
precipitate was formed, which was washed several times
with distilled water and ethanol to remove unreacted
material then left to drying at laboratory temperature [9].

2.3.2. Synthesis of modified hydroxyapatite

This mineral was synthesis using tetraethyl
orthosilicate (TEOS), so 1 g of the prepared
hydroxyapatite was added to 15 ml of a (50:50) mixture
of ethanol and water and left under a stirrer for half an
hour at room temperature, then 7 ml of TEOS and 1 ml of
sulfuric acid (1 M) was added to the solution, stirrer at 24
hours at room temperature. After that, the precipitate that
developed was filtered. and washed with distilled water
several times and left to dry at laboratory temperature.

2.3.3. Synthesis of polyurethane (PU)

Polyurethane alone was synthesis by a condensation
reaction between polyester polyol and MDI, so 3 g of
polyol was mixed with 3 g MDI Gentilly in the presence
of a catalysts (tertiary amines, mixing in order to obtained
homogeneous mixture, then leave it at laboratory
temperature for 24 hours, after which the reaction mixture
is placed in an air oven at 80 °C for 2 hours to complete
the reaction, then at 100 °C for post-curing.

2.3.4. Synthesis of polyurethane based on modified
hydroxyapatite

This polymer was prepared by adding 2 g of MHA to
8 g of MDI in the presence of triethylamine as a catalyst
and mixing well at room temperature until the mixture
becomes homogeneous, then pouring it into a
polyethylene mold and leaving it for 24 hours to cure.
Then the product is placed in an air oven at 80 °C for two
hours to complete curing, then at 100 °C for post-curing.

Table 1. The prepared materials and their symbols

Symbol Product Name

NHA Nanohydroxyapatite

MHA Modified hydroxyapatite

PU Polyurethane prepared from polyol and MDI

PUM Polyurethane prepared from MHA and MDI

CPUMi.0,20,30 Composite polyurethane prepared from polyol and MDI in the presence of 10, 20, and 30% NHA
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2.3.5. Synthesis of polyurethane composites based on
modified hydroxy apatite

The CPU was synthesized first by mixing 5 g from
Polyol with 0.55 g (10% MHA) until obtained of
homogeneous mixture, then 5 g from MDI and 0.1% of
catalyst was add to the mixture above and leave the
reaction mixture over night at room temperature to
curing, then the product was placed in an air oven at 80
°C for two hours to complete reaction, then at 100 °C for
post curing The other percentages were prepared in the
same way, where the weight of the MHA was 20% (1.2
g) and 30% (2.14 g).

3. Results and Discussion

3.1. Reactions and characterization

In this study, several types of polyurethane were
prepared. Initially nano hydroxyapatite (NHAP) was
synthesis form the reaction between diammonium
hydrogen phosphate with calcium nitrate [1,2]. On the
other hand, and in a different approach, NHAP was
prepared using bone waste through heat treatment of bone
at a temperature between 800 and 900°C [3, 4]. Modified
HAP (MHAP) with silicon was prepared using TEOS in
an acidic medium [5]; this reaction lead first to hydrolysis
of TEOS to obtain silanol group Si-OH coated the surface
of HAP. Also, the modification of HAP with TEOS
involves the substitution of some phosphate groups
(PO4+7®) with in the hydroxyapatite structure with silicate
groups (Si0472) presented in TEOS, and this substitution

leads to a material with enhanced properties. Figure 1 is
a picture showing the prepared NHA and MHA.

NHA

surface modification
with TEOS

NHA-TEOS

in corporation
to polymers

{ NHA-TEOS ) Composite
Polyurethane (CPUM)

Scheme 1. Modification of HA.

Also, a new polymeric composite based on
polyurethane was prepared using different percentages of
MHAP (10, 20, and 30%). In order to improve thermal
properties of the final products, this reaction was shown
in Scheme 2.

However, new polyurethane was prepared by direct
reaction of MHAP with MDI in the presence of
triethylamine as a catalyst. This reaction was carried out
through the reaction between the OH group presented on
the surface of MHA with isocyanate groups in MDI, as
shown in Scheme 3.

Fig. 1. (2). HA, (b). MHA

poly ester polyol

O H
composite polyurethane o ﬂ |
R.T
n

mixing at 40°C
poly este polyol

30 min filler MHA

MDI

(CH3CH, )N catalyst

Linkage unit of polyurethane

Scheme 2. Synthesis of composite PU based on MHA
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Scheme 3. Synthesis of PUM.

HAP and MHAP and their composites were
characterized using FTIR (Figs. 1 and 2 Supp.)., show the
FTIR of HAP and MHAP, respectively in the case of
HAP, the characteristic bands was 1023, 600, and 559
cm™', corresponding to the phosphate groups [11], while
bands at 1646, 872, due to the carbonate groups. Also, a
small broadband at 3300 cm™ corresponds to the
hydroxyl group presented in their structure of HAP.
While MHAP (4) shows a strong band due to the
stretching and bending vibration of Si-O-Si presented in
SiO4 tetrahedral at 1041 cm™ and which are overlapping
with the band of PO groups, also a new band at 800 and
667 cm™! due to Si-O [12] and bands at 2924, 2854 cm™
due to the stretching vibration of C-H aliphatic presented
in the TEOS structure. For polymers (Fig. 3 Supp.), show
the FTIR of polyurethane, small bands at 3290 cm™ due
to the stretching vibration of (N-H) urethane groups, also
there is some small bands of an reacted OH and NCO
groups can be found at around 3400 cm™ [13] and 2125
cm™, and a band at 1720 cm™ due to carbonyl groups for
urethane. Also, bands at 1600 and 1526 cm™! lead to C-C
stretching vibration of aromatic rings and C-N stretching
of urethane groups, and band at 1095 cm™ is due to C-O-
C stretching. while (Fig. 4 Supp.), show the FTIR
spectrum of the polyurethane prepared by direct reaction
between MDI and MHAP, (Fig. 4 Supp.) show the same
characteristic band observed in polyurethane alone,
except the presence of broad band at 1055 cm™ due to
stretching vibration of the Si-O-Si bond presented in
MHAP [12], which is may be overlap with the band due
to C-O-C observed in poly urethane. For heat treatment
polyurethane samples prepared in this study at 500°C for
2 hrs., the FTIR spectrum as shown in (Fig. 5 Supp.),
show different absorption band due to the thermal
decomposition of the essential bonds.
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3.2. Thermogravimetric analysis (TGS) of the

prepared polymers and composite

The TGA techniques used to evaluate the thermal
stability of many materials, polymers and polymer
composites. TGA measures the amount and rate of
change in sample weight as a function of temperature or
time [14]. A solid matter's TGA can be performed either
non-isothermal (dynamics) or at isothermal conditions
(constant temperature), condition (generally the
temperature varies with time), so in this study non-
isothermal TGA was used to study the thermochemical
behavior of the prepared polyurethane and their
composite with MHA under an inert atmosphere. Figures
(2-6) exhibits the TGA thermograms of the prepared
polyurethane and their composites. TGA findings
including temperature of 25%, 50%,, and 75 % weight
loss (T25, T50, and T75) obtained. Also, the optimum
decomposition temperature was evaluated from these
thermograms and presented in Table 2. From the results,
all the samples listed in Table 1. exhibit one
decomposition temperature above 250°C, and the char
residue of the PUs composites increase with increasing
weight percentage of MHA (i.e in the case of PU alone
the chare content was 10%, while in the presence of 30%,
it was 29%). On the other hand, the rate of decomposition
decreases with increasing MHAP presented in PU
composites, 2.78 % /min in the case of PU alone, while
in the presence of 30 %. MHA was 2.27 % /min., and for
polyurethane prepared from MHA (PUM) was 1.76
%/min, this means that, the thermal stability improved in
the presence of MHA. The presence of one
decomposition temperature of PU means the complex
portion of PU crosslink and backbone decomposed [15].

In the other study, some of the prepared PU and their
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composites was heat treatment at 500°C, and evaluate the
thermal behavior using TGA technique, so Figures 7-9,
show TGA thermograms of PU, PUM,; and PUM;
respectively, and the thermal parameter obtained were
listed in Table 3, from the results all the samples have one
decomposition temperature around 550°C, and the char
content at 800°C was 62-69%, while the rate of
decomposition was 1.76, 1.51, and 1.46%/min for PU,
PUM, and PUM; respectively. In addition, the same
study was done for the polymeric composite prepared
from polyurethane containing different percentage of

MHA (CPUM), Figures 10-12 show TGA thermograms
of these samples, white the thermal parameter obtained
from these thermograms were listed in Tables 4. The
results indicate these composites have one decomposition
temperature 550°C, and have high char reside around
550°C (more than 60%, at 800°C).

The presence of MHA leads to an increase in the
decomposition temperature, also increasing char reside,
while the rate of decomposition was decrease, this means
the presence of MHAP leads to an improvement in the
thermal stability of PU [16].

Table 2. Thermal stability parameter for prepared polyurethane obtained from TGA thermograms.

Sample Decomp. Wight loss Temp. of Temp.of Temp. of Char. at Rate of
name Temp. at decomp. 25% wt. 50%wt. loss  75% wt. 800°C decomposition%/min
°C Temp. % loss °C °C Loss°C %

PU 272 17 281 323 614 10 2.78
CPUMyoo 250 13 293 357 670 14 2.40
CPUMyy, 275 20 299 334 673 16 2.71
CPUM;p% 270 10 312 371 >800 29 2.27
PUM, 295 14 336 537 >800 40 1.96
PUM, 300 9 349 743 >800 48 1.76

vood — R

20 \\\“\‘\

¢ 200 400 600 800 1000
Temperature (°C) Uriversal Va 5A TA Insiroments

Fig. 2. TGA thermogram of PU
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Fig. 3. TGA thermogram of CPUM20%
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Fig. 6. TGA thermogram of PUM,
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TGA thermograms.
Decomp. Wt. loss at Temp. of Temp.of Temp. of Char. at
::25“’ Temp. b decomp. 25%pwt. 50%Iv)vt. loss 75%pwt.loss 800°C g:::lzgosiﬁon% 'min
°C Temp. % loss °C °C °C Y%
PU 550 17 664 >800 >800 62 1.76
PUM, 565 19 654 >800 >800 65 1.51
PUM, 537 12 716 >800 >800 69 1.46
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Fig. 7. TGA of PU after heat treatment at 500 °C
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Table 4. Some thermal stability parameter for prepared polyurethane (after heat treatment at 500 °C (obtained from TGA

thermograms
Decomp. Wt.lossat  Temp. of Temp.of Temp. of Char. at

Sample g b decomp. 25% wt. 50%wt. loss  75% wt.  8ooec  ateof
name °oC Temp. % loss °C oC Loss °C % decomposition%/min
PU 550 17 664 >800 >800 62 1.76

CPUMip% 562 15 676 >800 >800 65 1.74

CPUMyp, 556 11.5 699 >800 >800 67 1.77

CPUM;p%, 575 11 690 >800 >800 69 1.66
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Fig. 10. TGA thermogram of PUMy, after heat treatment at 500 °C
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Fig. 11. TGA thermogram of PUMy, after heat treatment at 500 °C
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Fig. 12. TGA thermogram of PUM3y, after heat treatment at 500 °C

983



Chem Rev Lett 9 (2026) 976-985

4. Conclusion

The present work describes the preparation of
nanohydroxyapatite and modified hydroxyapatite using
(TEOS) as precursor of silicon. Also, polymers and
polymer composites based on polyurethane were
prepared using modified hydroxy apatite to increase the
thermal properties of polymers.

The thermal stability was evaluated using TGA
technique, and the results show that the prepared
materials have decomposition more than 200°C, and no
meit up to 5000C. on the other hand, the decomposition
temperature and char content increase with increase
percentage of modified hydroxyapatite in the polymer
composites, so it is anticipated that this study may open
the way for future investigations in the use of modified
hydroxy apatite with other polymers.

Supplementary files
Supplementary file 1.

References

[1] (@) M. Szlachta, K. Ordon, K. Nowicka and K.
Pielichowska, Thermal properties of polyurethane-based
composites modified with chitosan for biomedical
applications. J. Therm. Anal. Calorim., 143 (2021) 3471
3478. https://doi.org/10.1007/s10973-020-09283-w; (b) J.
S. Hamidova, L. K. Kazimzadeh, E. U. Isakov, E. 1.
Hasanova, N. J. Huseynova and E. A. Abdullayeva,
Terpolymer of carboxylic acid as a multifunctional
viscosity additive to lubricating oils. Chem. Res. Technol.,
3 (2026) 90-97.
https://doi.org/10.22034/chemrestec.2025.553247.1068;
(c)J. B. Mu'azu, S. D. Adamu, S. B. Mamudu, A. Dalhatu,
H. Ataitiya, M. Y. Abubakar, et al., Organic chemistry for
the design of biodegradable plastics: A pathway toward
sustainable agricultural practices. J. Chem. Technol., 2
(2026) 48-58.
https://doi.org/10.22034/jchemtech.2025.556439.1030;
(d) A. C. S, R. B. Donatus, M. Y. Abubakar and A. B.
Adam, Synthesis and characterization of monomethylol
urea and expanded polystyrene waste as copolymer resin
for emulsion paint formulation. J. Chem. Technol., 2
(2026) 83-95.
https://doi.org/10.22034/jchemtech.2026.576663.1036

[2] S. M. Caki¢, M. Spirkova, I. S. Risti¢, J. K. B-Simendi¢,
M. M-Cincovic and R. Porgba, The waterborne
polyurethane dispersions based on polycarbonate diol:
Effect of ionic content. Mater. Chem. Phys., 138 (2013)
277-285.
https://doi.org/10.1016/j.matchemphys.2012.11.057

[3] S. Kumagai et al., Effects of hard-and soft-segment
composition on pyrolysis characteristics of MDI, BD, and
PTMG-based polyurethane elastomers. J. Anal. Appl.
Pyrolysis, 126 (2017) 337-345.

[4] (a) M. Y. Abubakar, I. S. Mikail, P. D. B, A. Z. Abdul, A.
C. S and A. B. Adam, Paints, coatings, and the
environment: An in-depth exploration of their hidden
ecological impacts. J. Chem. Technol., 2 (2026) 35-47.

984

https://doi.org/10.22034/jchemtech.2025.530857.1009;
(b) U. M. Jibreel, M. I. Mohammed, A. S. Bayero, B. A.
Muzakkari, Selected Physical Properties of Catalytic
Pyrolysis Oil from Waste Polyethylene Bags and Its
Blends With Standard Diesel Fuel. J. Chem. Technol., 1
(2025) 60-65.
https://doi.org/10.22034/jchemtech.2025.536195.1011;
(c) A. B. Adam, R. Panbani and M. Y. Abubakar, Metal-
Organic Frameworks (MOFs) for Explosive Gas Detection
in Refineries. J. Chem. Technol., 1 (2025) 31-46.
https://doi.org/10.22034/jchemtech.2025.219222; (d) N.
Mirderikvand and M. Mahboubi-Rabbani, Adsorptive
Removal of Neomycin by Schiff Base Networkl (SNW1)
Covalent Organic Framework. J. Chem. Technol., 1 (2025)
47-51.
https://doi.org/10.22034/jchemtech.2025.538158.1013

[5] (a) P. Somdee, T. Lasst-Kuknyd, C. Konya, T. Szab6 and
K. Marossy, Thermal analysis of polyurethane elastomers
matrix with different chain extender contents for thermal
conductive application. J. Therm. Anal. Calorim., 138
(2019) 1003-1010. https://doi.org/10.1007/s10973-019-
08183-y; (b) J. Brzeska and A. Piotrowska-Kirschling, A
brief introduction to the polyurethanes according to the
principles of green chemistry. Processes, 9 (2021).
https://doi.org/10.3390/pr9111929

[6] N. Salahuddin, Different Methods for Preparation of
Hydroxyapatite Nanostructures. 13 (2023) 1-11.

[71 A. Biedrzycka, E. Skwarek and U. M. Hanna,
Hydroxyapatite with magnetic core: Synthesis methods,
properties, adsorption and medical applications. Adv.
Colloid Interface Sci., 291 (2021) 102401.

[8] L. Chang et al., Preparation of ROS active and
photothermal responsive hydroxyapatite nanoplatforms
for anticancer therapy. Mater. Sci. Eng. C, 125 (2021)
112098. https://doi.org/10.1016/j.msec.2021.112098

[9] S.V.Dorozhkin, Calcium Orthophosphate (CaPO.)-Based
Bioceramics: Preparation, Properties, and Applications.
Coatings, 12 (2022).
https://doi.org/10.3390/coatings12101380

[10](a) O. Mishchenko et al., Synthetic Calcium—Phosphate
Materials for Bone Grafting. Polymers, 15 (2023) 1-49.
https://doi.org/10.3390/polym15183822; (b) A. E. Ba aku,
L. Usman, R. R. Bwano Donatu, Y. U. Dan Abba, M. Y.
Abubakar, B. Abdullahi, et al., Sustainability and chemical
insights of polylactic acid composites reinforced with
agricultural animal feed waste-derived fillers. Chem. Res.
Technol., 3 (2026) 106-121.
https://doi.org/10.22034/chemrestec.2026.575873.1087

[11]Y. Dulyanska, L. Cruz-Lopes, B. Esteves, R. Guiné and I.
Domingos, FTIR monitoring of polyurethane foams
derived from acid-liquefied and base-liquefied polyols.
Polymers, 16 (2024) 2214.

[12]Y. Dulyanska, L. Cruz-Lopes, B. Esteves, R. Guiné and I.
Domingos, FTIR Monitoring of Polyurethane Foams
Derived from Acid-Liquefied and Base-Liquefied Polyols.
Polymers, 16 (2024) 1-12.
https://doi.org/10.3390/polym16152214

[13]S. Hamouni, O. Arous, D. Abdessemed, G. Nezzal and B.
Van der Bruggen, Alcohol and Alkane Organic Extraction
Using Pervaporation Process. Macromol. Symp., 386
(2019). https://doi.org/10.1002/masy.201800247


https://doi.org/10.1007/s10973-020-09283-w
https://doi.org/10.22034/chemrestec.2025.553247.1068
https://doi.org/10.22034/jchemtech.2025.556439.1030
https://doi.org/10.22034/jchemtech.2026.576663.1036
https://doi.org/10.1016/j.matchemphys.2012.11.057
https://doi.org/10.22034/jchemtech.2025.530857.1009
https://doi.org/10.22034/jchemtech.2025.536195.1011
https://doi.org/10.22034/jchemtech.2025.219222
https://doi.org/10.22034/jchemtech.2025.538158.1013
https://doi.org/10.1007/s10973-019-08183-y
https://doi.org/10.1007/s10973-019-08183-y
https://doi.org/10.3390/pr9111929
https://doi.org/10.1016/j.msec.2021.112098
https://doi.org/10.3390/coatings12101380
https://doi.org/10.3390/polym15183822
https://doi.org/10.22034/chemrestec.2026.575873.1087
https://doi.org/10.3390/polym16152214
https://doi.org/10.1002/masy.201800247

Chem Rev Lett 9 (2026) 976-985

[14]H. Mikul¢i¢ et al, Thermogravimetric analysis
investigation of polyurethane plastic thermal properties
under different atmospheric conditions. J. Sustain. Dev.
Energy Water FEnviron. Syst., 7 (2019) 355-367.
https://doi.org/10.13044/j.sdewes.d6.0254

[15]G. Jomaa, P. Goblet, C. Coquelet and V. Morlot, Kinetic
modeling of polyurethane pyrolysis using non-isothermal
thermogravimetric analysis. Thermochim. Acta, 612
(2015) 10-18. https://doi.org/10.1016/j.tca.2015.05.009

985

[16]M. M. Hassan, R. O. Aly, A. H. El-Ghandour and H. A.
Abdelnaby, Effect of gamma irradiation on some
properties of reclaimed rubber/nitrile-butadiene rubber
blend and its swelling in motor and brake oils. J.
Elastomers Plast., 45 (2013) 77-94.
https://doi.org/10.1177/0095244312445523


https://doi.org/10.13044/j.sdewes.d6.0254
https://doi.org/10.1016/j.tca.2015.05.009
https://doi.org/10.1177/0095244312445523

	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Instrumental
	2.3. Synthesis methods
	2.3.1. Synthesis of hydroxyapatite
	2.3.2. Synthesis of modified hydroxyapatite
	2.3.3. Synthesis of polyurethane (PU)
	2.3.4. Synthesis of polyurethane based on modified hydroxyapatite
	2.3.5. Synthesis of polyurethane composites based on modified hydroxy apatite


	3. Results and Discussion
	3.1. Reactions and characterization
	3.2. Thermogravimetric analysis (TGS) of the prepared polymers and composite

	4. Conclusion

