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The  aim  of  this  work  is  to develop  composite  materials  with  hydroxyapatite  (HAp)  mineral  and  organic
matrix  such  as cellulosic  polymers.  We  use  cellulose  acetate  with  different  percentages,  and  then
inorganic–organic  films  were  fabricated  by  evaporation  of solvent.  The  composite  films  were charac-
terized  using  emission  scanning  electron  microscopy  (FEG-SEM),  thermo-gravimetric  analysis  (TGA)  and
Fourier transform  infra-red  (FT-IR)  spectra.  Test  results  show  that  these  films  are  uniform  and  have  good
eywords:
omposite
ydroxyapatite
ellulose acetate
iomaterials
isphenol A (BPA)

ductility.  A  strong  interaction  existed  between  HAp  and  cellulosic  polymers,  and  the  method  allows  the
production  of very  fine  particles  size  of  about  92  nm.  We have  developed  a new  chromatographic  method
for  the quantification  of  bisphenol  A (BPA)  in samples  of  baby  food.  The  result  of  this  study  demonstrates
how  to use  this  type of composite  materials  to remove  pollutants.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Recently, composite materials based on calcium phosphate have
ttracted much attention (Azzaoui, Berrabah, et al., 2013; Azzaoui,
amhamdi, et al., 2013; Needham, Calafat, & Barr, 2007). Hydroxy-
patite is often used as a bone implant material; however, it
s used to develop many composites for advanced technologies.

any studies that use bio monitoring used data on food con-
amination bisphenol A and the environment (Angerer, Ewers, &

ilhelm, 2007; Boogaard, 2007; Calafat, Ye, Silva, Kuklenyik, &
eedham, 2006; Needham et al., 2007; Pirkle, Osterloh, Needham,
 Sampson, 2005; Yang, Park, & Lee, 2006). This information served
s the basis for estimating indirect human exposure to bisphe-
ol A and its potential toxicity. Cellulose acetate is considered

∗ Corresponding author. Tel.: +212 536500603; fax: +212 536500603.
∗∗ Corresponding author. Tel.: +966 560773127.

E-mail addresses: k.azzaoui@yahoo.com (K. Azzaoui), mmfoudah@ksu.edu.sa,
 gaballa@yahoo.com (M.M.G. Fouda).

ttp://dx.doi.org/10.1016/j.carbpol.2014.04.058
144-8617/© 2014 Elsevier Ltd. All rights reserved.
one of the essential esters of cellulose. According to the meth-
ods used, it can be widely used in different kinds of purposes;
such as film formation and membranes. The toxicity of bisphe-
nol A has been extensively studied covering a large range of
doses; the study showed adverse effects at doses of 50 mg/kg
body weight/day (EU, 2003; Goodman et al., 2006; Gray et al.,
2004).

The technology employed for the extraction of BPA from aque-
ous samples includes solid phase micro-extraction (SPME) (Kasuga
et al., 2003), liquid–liquid extraction (LLE) (Deng, Hao, & Wang,
2001) and solid-phase extraction (SPE) (Shafer & Simonian, 2002).

In this work, a novel analytical method based on enrichment
and pretreatment of analytes in the water sample CA/HAp sorp-
tive extraction and gas chromatography–mass spectrometry SIM
mode have been developed for the rapid analysis of BPA in water.
The obtained results demonstrated that CA/HAp/PEG 1000 com-

bined with GC–MS is a simple, rapid and solvent-free method for
the analysis of BPA in water.

The aim of this work was  then to choose the best station-
ary phase (TFME) and best chromatographic method for the

dx.doi.org/10.1016/j.carbpol.2014.04.058
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.04.058&domain=pdf
mailto:k.azzaoui@yahoo.com
mailto:mmfoudah@ksu.edu.sa
mailto:m_gaballa@yahoo.com
dx.doi.org/10.1016/j.carbpol.2014.04.058
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Fig. 1. Schematic representat

uantification of BPA in samples of baby food matrices, which
ould be used for routine controls.

. Experimental and methods

.1. Materials

Hydroxyapatite (HAp) was synthesized in our laboratory. The
ellulose Acetate (CA) (99%), Calcium Nitrate Ca(NO3)2·4H2O
99%), Ammonium Hydrogen Phosphate (NH4)2·HPO4 (99%), DMF
Dimethylformamide) and Acetone were purchased from Aldrich.
igh purity distilled water was used throughout the whole exper-

ment.

.2. Synthesis of thin film; CA/HAp/PEG1000

The starting substances used in the production of hydroxyapa-
ite were calcium nitrate tetra hydrate and di-ammonium hydrogen
hosphate. HAp was produced by following a modified wet chem-

cal method (Azzaoui, Berrabah, et al., 2013; Azzaoui, Lamhamdi,
t al., 2013). At 25 ◦C, 11.76 g of Ca(NO3)2·4H2O was first dissolved
n a 100 ml  volume of water. A solution of 4.06 g (NH4)2·HPO4

as dissolved in 100 ml  volume of water and then added to the
a(NO3)2·4H2O solution over a period of 30 min. The amount of
eagents in the solution was calculated to obtain a Ca/P molar ratio
alue equals 1.67, corresponding to a stoichiometric HAp. About
f the polyethylene glycol was added along with the mixture. The
H of the slurry was measured digitally during the precipitation
eaction, reaching a final value of pH 10.5.

Cellulose Acetate (CA) polymer were dissolved in acetone at
oom temperature to form solution A. Solution B was  hydroxyap-
tite (HAp) dispersed in DMF  at room temperature and added to
olution A. The solution turned to opaque milky white after about
alf an hour. Thin films were obtained during the procedure with
areful temperature control to 50 ◦C at the temperature rate of
◦C min−1 and maintained for 2 h, and then cleaned in absolute
thanol to remove any possible impurities in the film (Fig. 1).

.3. Preparation of standards and sample solution
The standard stock solution was prepared by accurately weigh-
ng 100 mg  of BPA into 1 L (S0) volumetric flask and dissolved in
istilled water. The stock solution was diluted with distilled water
o obtain solutions S1 and S2, 10 and 1 mg/L, respectively.
synthesis route of composite.

Prior to use thin powders were washed with the deionised
water, absolute ethanol and dried in the oven at 120 ◦C for 1 h
in order to remove impurities and any possible residual analytes
(interferences). Extraction and desorption were carried out as fol-
lows: thin powders were immersed in 50 mL  of S2 in a glass vial
under stirring (contact 20 min), after extraction, the thin powders
were taken out from water, gently died with a filter paper and put
in an oven to dry at 40 ◦C for 40 min. finally, the thin s powders were
directly placed in centrifuge tube (1.5 ml)  to desorb and derive tar-
get analyte BPA with BSTFA 1% TMCS (200 �L) under sonication and
heated at 70 ◦C for 30 min. Of the final 0.2 mL  final derivative solu-
tion, 1 �L was directly injected into the Shimadzu GC/MS system
for analysis. In each experiment, the analyte concentration was the
same and each solution was analyzed in triplicate.

2.4. Conditions of BPA analysis

For the GC/MS system, a Shimadzu GCMS-QP2010 (Shimadzu,
Japan) with GCMS solution 2.5 software was  used. The Chromato-
graphic conditions: GC analysis was  performed on a Shimadzu QP
2010 system with a fused silica capillary column (30 m,  0.25 mm i.d.
and film thickness of 0.25 mm with chemically bonded phase DB-5).
The oven temperature was  held at 60 ◦C for 1 min, programmed to
rise at 10 ◦C min–1 to 280 ◦C, and held for 5 min. A sample volume of
0.1–1 �L was injected in splitless mode (high pressure). The injec-
tor and interface temperature was  kept at 250 ◦C. Helium was  used
as the carrier gas. Spectrometric conditions: mass spectrometric
parameters: the electron impact ionization energy was 70 eV, the
detector voltage 1.7 kV, the ion source temperature was  200 ◦C and
the solvent delay time was 3 min. MS  detector was used in multi-
ple ion monitoring mode (ions characteristic of BPA in SIM mode
were: m/z = 357 and 372) (Azzaoui, Berrabah, et al., 2013; Azzaoui,
Lamhamdi, et al., 2013).

2.5. Physical–chemical characterization

The prepared samples were characterized by making use of
Fourier transform infrared spectroscopy (FTIR) using a Schimadzu
FT-IR 300 series instrument (Shimadzu Scientific Instruments). FTIR

spectra were acquired over the region 400–4000 cm−1 in pellet
form for 1 mg  powder samples mixed with 200 mg  spectroscopic
grade (KBr). The structure of the samples were evaluated by X-ray
diffraction (XRD) using a Rich Siefert 3000 diffractometer (Seifert,
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ig. 2. FTIR spectra of the CA/HAp/PEG 1000 composite, with molar ratios:
 = 0/100/0, b = 30/60/10 and c = 20/70/10.

ermany) with Cu-K�1 radiation (� = 1.5418 Å). Diffraction peak at
5.9◦ was selected for determining the crystallite size by Scherrer’s
ormula since it is sharper and isolated from others. This peak allo-
ates to (0 0 2) Miller’s plane family and shows the crystal growth
long the axis of HAp crystalline structure. The morphology of
he materials was analyzed by field emission-scanning electron

icroscopy (SEM). GC/MS system: A Shimadzu GCMS-QP2010 (Shi-
adzu, Japan) with GCMS solution 2.5 software.
.6. Studies in vitro swelling and biodegradable composites

Swelling and biodegradability of composites are studied by
mmersing the membranes at 37 ◦C in water and in the biological

Fig. 3. The SEM/FEG of CA/HAp/PE
olymers 111 (2014) 41–46 43

medium PBS (pH = 7.4). The samples are dried and weighed (W1).
The water absorption (expressed in percentage) was  calculated by
comparing the initial weight (W0) with wet weight after swelling
(W1) as shown in Eq. (1).

water absorption(%)  = W1 − W0

W0
× 100 (1)

The mass loss was  calculated by comparing the initial weight
(W0) with the weight after immersion in the biological medium,
and drying at 40 ◦C for 30 min  (W2) as shown in Eq. (2).

weight loss(%)  = W2 − W0

W0
× 100 (2)

3. Results and discussion

3.1. Chemical structure

3.1.1. FTIR analysis
The FTIR spectra of the washed HAp, CA and CA/HAp/PEG 1000

composite as shown in Fig. 2. The bands at 3572 and 632 cm−1

belong to the vibration of hydroxyl (O H) group, the bands at 1089,
1045 and 962 cm−1 are the characterization of phosphate stretch-
ing vibration and the bands observed at 601, 570 cm−1 are owing
to the phosphate being in vibration. It is clear from the IR analysis
that, the precipitated powders are evidenced to be hydroxyapatite
in nature. The presence of polyethylene glycol in hydroxyapatite
does not play any role in the structural deformation of hydroxy-
apatite, meaning that HAp crystallites were prepared. The peak
at 3750 cm−1 composite CA/HAp/PEG 1000 corresponding to the

stretching vibrations of OH groups of cellulose acetate.

The peak at 3572 cm−1 is the stretching vibration of the OH
group. Compared to the absorption of alcohol group composites
(3750 cm−1), alcohol composite graft band appears at a higher

G 1000 composite scaffold.
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by differential scanning calorimetry) that occur on/composite
CA/HAp/PEG 1000. The glass transition around 92 ◦C and a melt-
ing temperature of the composite around the order of 225 ◦C. The
Fig. 4. XRD patterns of HAp and CA/HAp/PEG 1000 composite.

requency. Thus, this result confirms the strong intermolecular
nteraction of hydrogen bonding between cellulose acetate and
reated hydroxyapatite.

Moreover, in order to determine the microstructure of distri-
ution state of n-HAp in composite, SEM/FEG photograph of the
A/HAp/PEG 1000 composite was given (Fig. 3). It shows that HAp
rystals are still in the range of nanometer scale and have a good
ispersive property in the polymers, which has a positive effect on
he mechanical and biological properties of the CA/HAp/PEG 1000
omposite scaffold.

SEM images (Fig. 3) disclosed that, the scaffold was three-
imensional complicated irregular porous assembly together with
orthy interconnections between the pores, and the walls of the
acro pores ranging from 5 to 20 �m contained many micropores.

.1.2. XRD analysis
The XRD patterns of HAp and CA/HAp/PEG 1000 composite.

he patterns designate the presence of well-crystallized hydroxy-
patite. The X-ray patterns collected on the powders after heat
reatment at 900 ◦C for 2 h present single phase of HAP. Fig. 4a
hows the X-ray patterns of HAP at 900 ◦C. The X-ray patterns of
A/HAp/PEG 1000 composite at 900 ◦C are shown in Fig. 4b. These
atterns are in good arrangement with the ASTM data (JCPDS) file
no. 09-0432) for hydroxyapatite. No characteristic peaks of impu-
ities, such as calcium hydroxide and calcium phosphates were
bserved, meaning that phase pure HAp was prepared under the
resent experimental conditions. The diffraction peaks particularly

n the planes (0 0 2), (2 1 1), (1 1 2) and (3 0 0) are high and narrow
mplying that the HAP crystallizes well.

.1.3. Thermal properties
Thermo-gravimetric analyses of CA, HAp, and CA/HAp/PEG 1000

omposite are presented in Fig. 5. Improvement in thermal sta-
ility may  be concluded from its thermal analysis curve in Fig. 5.

he particles in the network may  act as heat barriers therefore,
nhance the overall thermal stability of the synthesized compos-
te. All composites have a very similar model, with two stages of

eight loss. The first stage is due to water loss, while the second is
Fig. 5. TGA/DTA curves of: HAp, CA; and CA/HAp/PEG 1000 composite at heating
rate 10 ◦C/min.

due to the decomposition of the cellulose acetate. The absences of
a step of decomposing the PEG 1000 indicate that the equipment
must be removed from the membrane during the phase inversion
step. The absence of a step for the decomposition of hydroxyapatite
indicates that the treated material is stable. Obviously, the thermal
stability of the films increases with the loading of nano/micro-HAp.
The film of cellulose acetate is decomposed at about 376.88 ◦C. For
other materials, a = b, c and d it was found that the decomposition
temperature at 368.67 ◦C, 355.79 ◦C and 374.62 ◦C, respectively.
However, the presence of HAp must have induced structural change
of the membrane and change the decomposition temperature of
this polymer.

3.1.4. Differential scanning calorimetry (DSC)
Fig. 6 shows the different thermal phenomena (observed
Fig. 6. DSC curves of CA/HAp/PEG 1000 composite.
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Fig. 8. (a) Chromatogram of BPA desorbed from composites CA/HAp/PEG 1000, (b)
ig. 7. (a) Biodegradability at 37 ◦C of membranes CA/HAp/PEG 1000 in PBS, (b)
welling ratio of composite CA/HAp/PEG 1000.

ndotherms are shifted to higher temperatures when the per-
entage of treated hydroxyapatite increases, as seen in the case
f composite (CA/HAp/PEG 1000): 30/60/10, 20/70/10, 40/50/10,
0/80/10 composite except the endothermic peak at 77.86 ◦C. Prin-
iple the endothermic peak is mainly due to the depolymerization
f the cellulose acetate, while the heat is due to a formation of
O2. The melting peak observed after the composite endothermic
ecomposition peak is present in all the esters of cellulose, which
upport the cross-linking reaction occurring during thermal degra-
ation.

.1.5. Study of swelling and biodegradability in vitro composite
A/HAp/PEG 1000

Fig. 7a shows the biodegradability of membranes CA/HAp/PEG
000 in PBS solution at pH 7.4 and 37 ◦C. All samples displayed sim-

lar degradation kinetics. Initially, the mass loss of the membrane
as almost increases with increasing molar ratios of HAp parti-

les degradation in PBS. This means the surface, not only become
oarse, but also porous membrane and permits acceptance of water
uring degradation. The mass loss of the composite of cellulose
cetate/hydroxyapatite treated with increasing immersion time in
BS. After only 1 h of immersion, the maximum loss of mass of the
omposite CA/HAp/PEG 1000 approximately 4.1% (40/50/10). Time
ncluding 4 h undergoes mass loss of immersion up to 7% for the
omposite (10/80/10), 25% (20/70/10) 25% (30/60/10) and to 25.5%

40/50/10), respectively. Composites loaded with 40% CA lost about
5.5% after 24 h then a slight increase in mass is recorded (Fig. 6).

The initial weight loss is related to the presence at the interface
etween the particles and the matrix and fissures that will allow
chromatograms of BPA desorbed commercial florisil.

the more rapid penetration of water, which will come hydrolyze
composite. Fig. 7b shows the swelling kinetics during a 24-hour
period, and the swelling of the composite CA/HAp/PEG 1000. Anal-
ysis of this figure shows a variation of the swelling ratio for the
four composites, 10/80/10 has a swelling ratio while 51% 20/70/10
present a swelling ratio 90%, and the composite with a molar ratio
30/60/10 present a higher rate of inflation (92% at t = 24 h). When
the percentage varies HAp over the polymer composite swelling
augments meaning chains composite absorbs water.

The water absorption and the rate of degradation of the com-
posite materials increase with decrease of HAp.

It is interesting to note that the infrared studies have proba-
bly provided additional information on the structural interaction
between the components of the composite they were performed
using an appropriate technique. These characterization methods,
however, may  present a useful starting point for further research on
the physico-chemical phenomena involved in the type of material
studied here.

3.2. Chromatogram of BPA desorbed from the CA/HAp/PEG 1000
composite

The composite CA/HAp/PEG 1000 was  characterized by gas
chromatography–mass spectrometry (GC–MS), then tested and
compared with florisil. The results obtained are shown in (Fig. 8a,
b).

The figure shows the evolution of the shape of the chromato-
graphic peak composite adsorbed BPA from water polluted. The
best recovery rate of BPA is obtained with the stationary phase

30% and 60% HAp. On the other hand, a low recovery rate for the
composite d.
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The florisil also leads to very interesting results with recovery
ate than that recorded by the composites. This result contributes
o the enhancement of composites in the extraction of pollutants.

.3. Selective binding mechanism

It can be concluded that BPA-composite has a significant dis-
riminating binding capacity for the imprinted BPA in the mixed
ater. This result demonstrated indirectly that the specific binding

ites be existent and is played an important role in the selective
inding process. “Hydrogen bonding is an important intramolec-
lar/intermolecular interaction, and it is also a useful adsorption
echanism for adsorptive separation, whereas its directionality

nd short range confer specific selectivity” as mentioned by (Xu,
hou, & Huang, 2008). In our experimental, water can also form
ydrogen bond to affect the binding capacity, however, the results
xhibited that the surface of imprinted adsorbent was hydropho-
ic. Among interfaces, hydrophobic interactions, van der Waals
orces and long range electrostatic interactions are not direc-
ional, therefore, they are not considered specific (Bikadi, Demko, &
azai, 2007). Zhang and Hu (2008) mentioned that the nonspecific
dsorption would occur for BPA based on non- covalent synthesis
pproach as more functional CA/HAp/PEG 1000 are needed during
he imprinting synthesis. It was presumed that, hydrogen bonding
layed substantial role in the selective adsorption process for the
pecific binding. Zhang and Hu (2008) stated that, specific adsorp-
ion would happen selectively for the imprinted molecular by BPA,
hich could form hydrogen bonds with the carboxyl and carbonyl

roups on the binding sites. According to the selective binding
utcomes and the surface character of the BPA, the binding pat-
ern of target molecule with CA/HAp/PEG 1000 is engaged. The
inding sites confined two specific functional groups, which could
apidly identify BPA molecules through the hydrogen force. Sig-
ificantly, the dihedral angles of O H O were both about 180◦

esulting in the steadiest affinity for the imprinted BPA binding.
hus, it was realistic to postulate that representation of the double
ydrogen-bonding network could present benefits for BPA bind-

ng. The distance plot and contact angle of the hydrogen bonding
etermined the binding stability. In addition, the binding results
epicted that, the volume and dimensional structure of the molec-
lar operated as another important role in the BPA binding onto
PA-composite.

. Conclusion

Synthesis of CA/HAp/PEG 1000 membranes was successfully
chieved through dispersion of HAp particles homogeneously in
he composite. The composite was characterized by IR and TGA/DTA

tudy, swelling and weight loss shows an interaction between the
rganic matrix and the HAP matrix by the mean of hydrogen bond-
ng. Morphology showed that the composite has good compatibility
etween the organic matrix and inorganic matrix (HAp and PLA),
olymers 111 (2014) 41–46

the method allows the production of very fine particles size of about
92 nm.  Therefore, we can make membranes with well-controlled
parameters. The synthesized composites leads to very interesting
results with recovery rate of adsorbed BPA from water polluted.
This result contributes to the enhancement of composites in the
extraction of pollutants.
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