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ABSTRACT
In the last decade calcium phosphate composites and other related biomaterials, were commer-
cially used for bone substitution or allogrefts. In this study, a method was developed for purpose.
In this composite hydroxyapatite (HAp) was placed in a cellulose structure by dissolving and pre-
cipitation technique. The produced biocompatible composites were extensively characterized by
means of Fourier-transform infrared spectroscopy, thermogravimetric analysis, powder X-ray dif-
fraction, dynamic light scattering, and scanning electron microscopy. The analysis results showed
that, Hap successfully included in cellulose network without affecting its crystallinity, or the prop-
erties of either cellulose or HAp. The analysis also revealed a strong physical interaction between
the composite components. Therefore, the composite appears to be a useful for the fabrication of
bioactive film that can be used in the Bone Tissue Engineering field. Novelty of this work is the
synthesis of nanocomposites based on hydroxyapatite and cellulose to get nanomaterials by a
new method of synthesis in organic chemistry, which is called the double decomposition method.
This method creates patterns between the organic matrix and inorganic. The second object is to
replace classical materials with new nanomaterials for medical and orthopedic uses.
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1. Introduction

Nano biocomposite materials have been studied in the last10
years as they are natural based and useful in medical appli-
cations as bone substitution[1,2]. Among the most used nat-
ural product as a base for biocomposite are polysaccharides,

since they are biodegradable, biocompatible, nontoxic, and
extracted from renewable sources[3]. Biopolymers are classi-
fied based on their origins plants, animals, or minerals[4].
They are extracted form fiber or powder. Generally, polysac-
charides in fiber form such as cellulose are used in making
thermoplastic composites[5,6,7].

CONTACT Shehdeh Jodeh sjodeh@hotmail.com Department of Chemistry, An-Najah National University, Nablus, Palestine; Khalil Azzaoui
k.azzaoui@yahoo.com Department of Chemistry, Faculty of Sciences, Laboratory of Mineral Solid and Analytical Chemistry LMSAC, Mohamed 1st University,
Oujda, Morocco.
� 2020 Taylor & Francis Group, LLC

INTERNATIONAL JOURNAL OF POLYMERIC MATERIALS AND POLYMERIC BIOMATERIALS
https://doi.org/10.1080/00914037.2020.1725758

http://crossmark.crossref.org/dialog/?doi=10.1080/00914037.2020.1725758&domain=pdf&date_stamp=2020-02-22
http://orcid.org/0000-0001-9074-0122
https://doi.org/10.1080/00914037.2020.1725758
http://www.tandfonline.com


Cellulose is a linear polysaccharide of (1–4) linked in
b-D-glucose produced by almost all plants, algae, and some
bacteria[3]. Cellulose are known to have unlimited number
of useful number of applications, among these are cellulose-
based magnetic materials, which are usually prepared by
trapping iron oxides into a cellulose matrix[5]. The useful-
ness of magnetic nanocellulose (MNCs) was reported in sev-
eral publications, for instance, it was used as in biomedical
applications and as an oil adsorbent[8, 9]. Recently, a nano-
composite of cellulose nanocrystals (CNCs) and cobalt-iron
oxide particles was used for making magnetic hybrid materi-
als[10] from extraction of toxic dyes from wastewater.

Biomedical applications of nanocelluloses includes drug
delivery and implants to tissue engineering and bioimaging
and more[11,12] (Figure 1).

Biomedical applications of nanocelluloses usually requires
adding a certain functional group and biological marker[14] to
the cellulose structure. This could be done by a process
known in the literature as chemical grafting. Examples on
grafted cellulose are shown in Figure 2. Despite this large
number of cellulose products, the number of products in the
medical that reach the market is still limited, which could be
attributed to drugs physical properties like lipophilicity or
high molar mass especially in applications such as slow drug
release and limited up-scale of production of large batches[15].

Other natural product that is useful in making biocompo-
sites is hydroxyapatite (HAp)[16,17], which is a double salt of
tricalcium phosphate and calcium hydroxide.
Hydroxyapatite is a member of a large family of isomorph-
ous substances. Hydroxyapatite is the principal inorganic
ingredient of human bones and teeth, for this reason it
gained a lot on interest and becomes a topic of extensive
biological and physicochemical investigations (Narasaraju
and Phebe 1996). It is often used as a main component of
bone implant material[9] due to its chemical similarity to the

natural calcium phosphate mineral present in biological
hard tissues and is mainly used in the field of tissue engin-
eering due to its excellent biocompatibility, bioactivity,
non-inflammatory, nontoxicity, and osteoconductivity[18].

Several techniques for the preparation of hydroxyapatite
are reported in the literature, among these are chemical pre-
cipitation[19], hydrothermal techniques[20] sol–gel, solid state,
and mechano-chemical methods[21,22].

The synthesis of cellulose-hydroxyapatite gives as result a
material combining the advantages of cellulose and Hap.
The present work describes synthesis of new bio-composites
based of cellulose and Hap. In first step, we report the syn-
thesis of HAp and in the second step, we modified the cellu-
lose with HAp.

The objective of this study is to synthesize ordered nano-
composites branched with CNCs and HAp. An SBF-based
solution system was used to precipitate nanoscale HAp on the
surface of branched CNCs. The size and distribution of the
HAp crystals were studied and controlled by changing the reac-
tion atmosphere, like T, pH, and molar ratio of calcium ions
per functional groups on the CNC surface. In addition to study
the transparent water-resistant coatings which was substituted
on a substrate using casting the suspension of the nanocompo-
sites and subsequent vapor-phase hydrothermal treatment. The
unique nanocomposites could be the repeating units for func-
tional materials in which are very useful for biomedical applica-
tions and strengthen mechanical properties of thin film.

2. Materials and methods

2.1. Material

All reagents and solvents used in this work were purchased
for Aldrich chemical company and used as received without
any further purification. The reagents include calcium nitrate

Figure 1. Hybrid nanocellulose-based cargo delivery systems[13].
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Ca(NO3)2�4H2O (99%), ammonium hydrogen phosphate
(NH4)2�HPO4 (99%). Cellulose was extracted from Esparto
“STIPA TENACISSIMA” of Eastern Morocco flowing a pro-
cedure developed by Elidrissi et al., using distilled water[23].

2.2. Isolation of cellulose

Esparto fibers has a cellulose content of about 500mg/g that
is contaminated by residual lignin and heteroxylans. It was
purified by extraction of 1.0 g of Esparto fibers with 30mL
of glacial acetic acid (CH3CO2H, 80%) containing different
concentrations of nitric acid (HNO3) which was used as
catalyst. This suspension of Esparto fiber in the acid solution
was stirred for 2 h at 80 �C. Then the suspension was diluted
by the addition of 20mL of distilled water, filtered using
suction vacuum, and then, rinsed several times with DW
until we achieved neutral products after washing with

ethanol. Net product which has almost cellulose was heated
at 105 �C to achieve specific weight[23].

2.2.1. Preparation of cellulose solution
A 100 g of the solvent system that composed of 6% NaOH/,
4% Urea/,and 90% H2O by weight was prepared[23]. To the
solvent was added 2.0 g of the extracted cellulose and stirred.
The product was kept in dry freezer and rinsed with crushed
ice to obtain a transparent solution.

2.2.2. Preparation of nanocomposite based of cellulose/HAp
A 10mL of cellulose (0.2 g) was placed in a three-nicked
round flask with addition of solution of Ca(NO3)2.4H2O
(1.88 g in 40mL water) for 2 h with continuous stirring
using a magnetic stirrer.

The suspension product was mixed for 20min at a pH
10.5, then a 50mL solution of (NH4)2HPO4 (0.63 g in 50mL

Figure 2. Schematic showing common surface modification reactions of cellulose nanocrystals (termed “CN” in the figure)[15].
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Figure 3. Illustration of cellulose extraction and HAp/Ce nanocomposite synthesis.

Figure 4. (a) FTIR spectrum of cellulose, HAp and HAp/Cellulose. (b) Schematic model shows the interaction between the OH groups of Ce and Ca2þ of hydroxyapatite.
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water) maintained likewise at the same pH was placed in
the funnel and were added dropwise to the reaction mixture.
The temperature was increased to 80 �C and maintained for
90min. The final product was separated by filtration,
washing with hot distilled water to neutral pH, dried under
vacuum at 80 �C for 24 h (Figure 3).

2.3. Characterization

The Fourier-transform infrared spectroscopy (FT-IR) spec-
troscopy was performed using a Shimadzu FT-IR 300 series
instrument (Shimadzu Scientific Instruments). The following
parameters were used: resolution was 2 cm�1, spectral range
was 400 cm�1 to 4,000 cm�1, and number of scans was 128.
The test samples were prepared by mixing 0.2 g of the nano-
composite with 0.8 g of KBr and a pellet was prepared from
the sample.

The surface morphology of the composites was examined
using scanning electron microscopy (SEM; SU 8020; Hitachi,
Tokyo, Japan) at an acceleration voltage of 3.0 kV. The
specimens were frozen under liquid nitrogen, fractured,
mounted, coated with gold/palladium, and observed using
an applied tension of 10 kV.

We analyzed the X-ray photoelectron spectra with the
ACESS ESCA-V6.0F PHI software, and subsequently proc-
essed using the MultiPak 8.2 B software. The binding energy
values were referenced to the C1 carbon signal casual
(284.8 eV). To determine the binding energies, the Shirley
bottom and the Gauss–Lorentz curves were used.

Standard thermogravimetric analysis (TGA) was performed
using TGA Q500 and Q50 (TA Instrument), with a tempera-
ture range of 20–900 �C at a heating rate of 10 �C/min. The
differential scanning calorimetry (DSC) curves were recorded
on a DSC Q2000 V24.4 Build 116. Samples (10mg each) were
sealed in aluminum DSC pans and placed in the DSC cell.
The apparatus Chromatography/mass spectrometry (GC-MS):
A Shimadzu GCMS-QP2010 (Shimadzu, Japan) with GCMS
solution 2.5 software.

2.3.1. Total organic carbon
The total organic carbon (TOC) analysis was performed in
TOC/TN Analyzer multi N/C 2100/2100. The total carbon
(TC) was used to represent the carbon present in the aque-
ous phase, Since the TC value covers all carbon (organic
and inorganic) exist in the aqueous effluent, which is needed
to close the carbon balance.

Muller–Hinton Broth (Biokar); Muller–Hinton Agar
(Biokar); sterile paper discs; Potato Dextrose Agar (PDA);
sterile distilled water; Petri dishes90mm; Test Tubes.

2.3.2. Atomic force microscopy
The surface analysis was performed using the atomic force
microscopy (AFM) to investigate the changes of the surface
morphology of the mild steel after 6 h of immersion time at
303K. The AFM measurements were carried out using
VEECO CPII AFM.

2.3.3. Spectra of X-ray photoelectron spectroscopy
X-ray photoelectron spectroscopy (XPS) studies were ana-
lyzed using a Physical Electronic PHI 5700 spectrometer
attached with a non-monochromatic Mg-Ka radiation
(300W, 15 kV, and 1,253.6 eV) for characterizing the
core-level signals of the elements of our interest using a
hemispherical multichannel detector. The detected spectra
were analyzed using a constant pass energy value at 29.35 eV
and 720lm diameter circular analysis reagon.

2.3.4. 31P NMR spectroscopy
Solid state 31P nuclear magnetic resonance (NMR) was
acquired using a high-resolution magic-angle spinning (MAS)
on Bruker DRX-500MHz spectrometer with 4mm CP/
MAS probe.

3. Results and discussion

As aforementioned, the objective of this research was to
construct and characterize a biocompatible composite for
Bone Tissue Engineering and repair. In this sense, a thermal
stability study was performed on the composite to draw a
clear picture on the interactions between composite compo-
nents. For this reason, the composite was subjected to vari-
ous analysis.

TABLE 1. A summary of the absorption bands of cellulose, Hap and Hap/Ce
nanocomposites.

Frequency (cm–1) Assignments

3,344 Stretching group of OH
Cell 2,910 Stretching vibration of –CH and–CH2

1,033 Deformation glycosidic C–O–C
1,099 Stretching vibration of C–O
3,410 O-H stretching

HAp 1,045 Asymmetric stretching of P–O
962 Symmetric stretching of PO3�

4
601 phosphate being in vibration
570 Deformation of O–P–O
3,365 O-H stretching
962 Symmetric stretching of PO3�

4
468 Deformation of O–P–O

HAp/Cell 565–603 Deformation of O–P–O
1,097 Asymmetric stretching of P–O

Figure 5. Plot of RMN, HAp/Ce, and HAp/Cellulose calcined.
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3.1. FTIR analysis

The FTIR spectra of cellulose, Hap, and Nanocomposite of
HAp/Cellulose are shown in Figure 4. The stretching bands
observed in the FT-IR spectra of the three materials are
summarized in Table 1. As shown in Table 1 and in Figure
4. The peak at 1,642 cm�1 could be due to the OH-bending
vibration of adsorbed water. The composite has similar
peaks to the starting materials expect there is some shift in
the frequency of the main peaks. The O–H band, shift to
higher wavelength than that for cellulose and the O–P–O
showed as a broader band that extends from 565 to 603,

and the P–O stretching band in the composite appear at
1,097 cm�1 while in HAp showed up at 1,045. The increase
in the frequency of these band indicate the presence of
interaction between the composite components.

A schematic model of the composite Hap/Cell is shown
in Figure 4a, it could be used to explain the results obtained
by ATR-FTIR, TGA/TDA,31P, and SEM, which suggest a
strong interaction between the composite components. The
schematic shows sites for complexation between Hap and
Cell. As shown in the scheme, the interactions occurred
between the OH groups of Cell and Ca2þ of hydroxyapatite.

Figure 6. TGA/DTA thermograms of nanocomposite HAp/cellulose.
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The mechanism that lead to the complexation could be
explained by the method of making the composites, which
has four steps. In the first step the dissolution of the
reagents in an aqueous medium; followed by the diffusion
of water through the two matrices the organic the inorganic;
formation of links between the functional groups of the
composite components and formation of HAp/Cell compo-
sites (Figure 4b).

3.2. 31P NMR spectroscopy

The solid state 31P NMR spectra of Hydroxyapatite/cellulose
and calcined hydroxyapatite-cellulose composite samples are
shown in Figure 5.

Both spectra show a peak 2.1–2.6 ppm, which is typical
for hydroxyapatite. However, they differ the peak intensity is
different in the two spectra, due of the presence of amorph-
ous region in calcined polymer.

Figure 6. Continued.
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3.3. Thermal analysis

The thermal properties of the HAp/Cell composites were
determined by DSC and TGA, results are shown in Figure 6.
The DSC thermogram shows two Tg points for the composite
at 65 �C and 182 �C. The TGA diagrams (Figure 6) shows the
weight loss (red line) and heat flow (green line) of the Hap-
Cell composite. A temperature drop occurred at 315 �C which
could be due to the thermal decomposition of the cellulose
while the HAp decomposition started at about 725 �C. It is
reported in the literature that, the decomposition of
HAp occurs at three stage: (1) the formation of
Ca10(PO4)6Ox(OH)2� 2x as a intermediate for the dihydroxyla-
tion and producing hydroxyapatite Ca10(PO4)6O (stage 2) fol-
lowed with the decomposition of this hydroxyapatite (stage 3)
and resulting calcium phosphates. T. Wang, A. Dorner-Reisel,
and E. Muller, “Thermogravimetric€and thermokinetic investi-
gation of the dihydroxylation of a hydroxyapatite powder,”
Journal of the European Ceramic Society. 24. 4. 693–698, 2004].
The first two stages can be observed at about 450 �C and
565 �C, respectively.

3.4. X-ray diffraction patterns of nanocomposite

To determine if any crystallinity loss occurred during the
composite formation a X-ray diffraction (XRD) analysis was
performed on the sample and the resulting pattern is Figure 7.

XRD was used to characterize the crystal phases of the
prepared Hap and Cell/Hap composites. As shown in Figure
6, cellulose is known to show diffractions peaks at
2h¼ 10.9�, 21.9�, 22.9�, 28.15�, and 35.5� which attributed
to the crystalline polymorphic of cellulose II as reported by
Klemm et al.[13]. The Hap shows sharps peaks at
2h¼ 25.98�,31.89�,39.98�, 46.87�, and 48.6� corresponding to
the lattice planes 002, 210, 211, 310, and 222 of HAP,
(Figure 7), the peaks represent the high crystallinity of
hydroxyapatite[8,24]. This results are in agreement with those
obtained by Fu et al. and Azzaoui et al. It is clear that all
diffraction patterns showed the same behavior except some
broadening in some peaks. This show that the crystallinity
of the sample was not lost after in the composite.

3.5. AFM analysis

The AFM is always used for qualitative and quantitative
information about biopolymers at a nanometer scale which
gives it an advantage over other techniques[25,26]. In this
study, the AFM was used to characterize the surface charac-
teristics of the HAp/Cellulose composite. The surface model
of the composite is depicted in Figure 8. The figure shows a
three-dimensional image of HAp/Cell composite in the scale
of 0.9 and 6 mm. AFM images shows a smooth, roughness,
and uniform surface.

3.6. Surface morphology

SEM was used to study the homogeneity of HAp/cell com-
posite as shown in Figure 9a. In Figure 9b, the cellulose
showed larger aggregate of plate shaped which was due to
the agglomeration of these cellulose functionalized group
which causes several interactions. During HAP mineraliza-
tion, the cellulose morphology changed to more porous due
to the presence of inorganic domains over the nanoparticles
surface. The collision between cellulose-based nanomaterial
and the cationic species (Ca2þ and PO4

3-) leads to a solid
and homogenous species with type of porosity. The analysis
confirmed the presence of both calcium (Ca) and

Figure 7. X-ray diffraction patterns of nanocomposite of HAp and HAp/Cell.

Figure 8. AFM micrographs of Hap/Cell surface at 1.0 g/L.

8 F. E. TABAGHT ET AL.



phosphorus (P). The last sample showed more porosity and
multilayers of HAp above the surface. Such phenomena was
showed by TGA data analysis. All images show a surface

that is composed of spherical particles like grains with a
nanoscale size and macropores with dimension ranged from
170 nm (Figure 9c).

Figure 9. SEM/FEG images of (a) powder HAp. (b) Cellulose powder. (c) SEM/FEG images of HAp/Ce nanocomposite.
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3.7. Total organic carbon production

Measurements of TOC indicated that carbon production
from cellulose is higher than that of composites. As can see
from the graph depicted in Figure 10, the amount of CO2

produced from cellulose present in the composite was
reduced by about 20%. The CO2 in the composite was lost a
longer period of time indicating the cellulose stability in
the composite.

3.8. Antibacterial and antifungal test

The antimicrobial properties of the prepared composite was
evaluated against three bacterial strains (Bacillus Subtilis,
Micrococcus luteus, and E. coli) and a fungus (Candida albi-
cans), results are shown in Table 2. The DMSO was used as
a solvent, it showed no activities. Cycloheximide was also

Figure 10. Plot of TOC versus time for (a) HAp, (b) Cellulose, and (c) HAp/Cellulose.

Table 2. The diameter of inhibition of three composites with positive and
negative control tested on three bacteria and one fungus.

Stains
HAp/Ce
40/50/10

HAp/Ce
30/60/10

HAp/Ce
20/70/10 C þ DMSO

B.S 9 9 9 26 –
M.L 9 – – 27 –
E. coli – 13 – 29 –
Candida 13 11 12 27 –

Figure 11. Sensitivity test in agar media.
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evaluated as a control it showed a 27mm diameter of inhib-
ition against fungus organisms as shown in Figure 11. It
also showed diameters of inhibition of 26–29mm against
Micrococcus luteus and 28mm against E. coli and
Bacillus Subtilis.

The test was carried out in an agar media, results show
that, the HAp/cellulose nanocomposite with 40/50/10wt.
ratio respectively inhibited Bacillus Subtilis (B.S) and
Micrococcus luteus (M.L) with a diameter of inhibition of
9mm and showed a higher inhibition against Candida albi-
cans (12mm) as shown in Figure 11.

The nanocomposite30/60/10 (HAp/cellulose) also demon-
strated antibacterial activity against Bacillus Subtilis (B.S)
and E. coli with a diameter of inhibition of 9 and 13,
respectively. It also showed activity against the fungus
Candida albicans with a 11mm diameter of inhibition.

As shown in Table 2, all tested composites showed anti-
fungal activities. The highest inhibition was found for nano-
composite 40/50/10 weight ratio of HAp/cellulose. The
antimicrobial activities was selective for some composites,
nanocomposite with 20/70/10 of HAp/cellulose inhibited
only the growth of bacillus.

4. Conclusion

Nanocomposite consisted of hydroxyapatite and cellulose as
bone substitute biomaterial was developed. The HAp/
Cellulose nanocomposite was synthesized using reprecipita-
tion method by which the samples were mixed. As showed
by various analysis methods such as the XRD, TGA, DSC,
FT-IR, and others cellulose included Hap in its network
without affecting its crystallinity, or the properties of either
cellulose or HAp. A strong physical interaction occurred
between them. Finally, the study showed that HAp nano-
composite can be used for the fabrication of bioactive film
which has several applications in the Bone Tissue
Engineering field. The object is to replace classical materials
with new nanomaterials for medical and orthopedic uses.
The results suggest that the HAp/Cellulose nanocomposite is
a potential candidate for bone regeneration and
bone reparation.
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