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Abstract: Fibrous cerium phosphate silver nanocomposite , Ce(H)o7 (PO4)2(Ag)1s. 2.97H,0(CePAg), was
prepared by ion exchange method from reaction of Ce(HPO,),.2.9H,0(,CePs) with 0.1M AgNO; in 0.1M
HNO; solution. Fibrous cerium phosphate-silver nanocomposite(CePAg) was dispersed in polyethylene by melt
process using twin extruder at different loading : 2 , 5 and 10 % in wt., with respect to polyethylene(PE), to
obtain  cerium phosphate-silver-polyethylene nanocomposites (CePAg-PE). The resultant products were
characterized by FTIR, XRD, SEM and TGA. The antimicrobial resistance of CePAg-PE was studied by
measuring the diameter of inhibition zone of growths of Escherichia coli and Salmonella typhimurium. The
results showed that CePAg-PE exhibited efficacy in the inhibition of bacterial growth especially at 10 w%
content.
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1. Introduction

Tetravalent metal phosphates are very insoluble compounds with good thermal stabilities, and high ion
exchange capacities [1, 2]. The discovery of their crystalline materials [3, 4], represent a fundamental step in
chemistry of these compounds with general Formula o-M(IV)(HPO,),.H,O, and  y-M(1V).PO,.H,P0,4.2H,0,
(where M = Ti, Zr, Hf, Ge, Sn, Ce). These materials contain structural P-OH groups with labile protons. They can
exchange their protons with counter ions such as alkali , alkaline earth, transitiom divalent and trivalent metal ions
[1-4] and act as intercalates [1, 2, 5, 6]. Increase attention direct toward their intercalation [5, 6], catalytic [7],
electrical conductance [8], and sensors [9]. Layered tetravalent phosphates have potential applications as inorganic
fillers, sorpents and solid acid catalysts [10-12]. This class of compounds can bond themselves to pillaring reactions
by metal amine complexes exchanged in their interlayer. Successful pillaring of these type of layered materials can
accomplished via amine intercalation reaction [13-17]. They can form complex pillars between the layers as its
formation in-situ by ion exchange of transition metal ions and ligand intercalation. As catalysts attracted attention
recently and still in their infancy [1, 2, 18-20].

Crystalline cerium phosphates have been studied for a long time as ion exchangers, their structures remains
unknown until recently [21, 22]. The reason is that, the composition, the structure and the degree of crystallinity of
their precipitates results from reaction of solutions containing a Ce(IV) salt which is mixed with a solution of
phosphoric acid of [(POg4)/Ce(IV) ratio], strongly depend on the experimental conditions such as rate and order of
mixing of the solutions, stirring, temperature and digestion time, this also implemented on fibrous cerium phosphate
[23].

To date, most of the work on fibrous cerium phosphate was carried out on its ion exchange [24], intercalation
[25] and electrical conductance properties [26]. Studies on its polystyrene, polyacrylamide [27] and (polyvinyl
chloride-based polyvinyl (alcohol) [28] composites have been reported. The composite material may combine the
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advantage of each material, for instance, flexibility, processability of polymers and the selectivity and thermal
stability of the inorganic filler [12, 29-33].

It has often been observed that organic polymers membranes with a hydrophilic surface are much less likely to
be attached with bacteria than with hydrophilic surfaces. However, most of the industrial polymeric membrane
materialsare usuallyhydrophibic. As a result many studies focus on modifying the conventional membranes to
increase their hydrophilicity so as to reduce membrane befouling [34, 35].

For antimicrobial approaches, some biocides can be directly incorporated into the membrane which aims at
effectively killing bacteria that can be attached with the membrane surface and thus preventing their growth [36].
Biocides such as heavy metals including copper, or silver [37, 38] have been demonstrated for their effectiveness in
anti bacterial performance. Among the silver is of special interest because is high toxicity toward many types of
bacteria but low toxicity for human and animals [39, 40]. Silver nanoparticles, or ions have been incorporated to
cellulose [41] polyimide [42] polyamide [43] and polysulfones [44, 45]. However, most of the work conducting in
incorporating silver into polymers reported leaching problems due to poor compatibility of the silver and the
polymer, [40, 41]. To overcome such losses it is necessary to design a carrier to release the silver slowly. For silver
loaded inorganic antibacterial materials , the release time of silver can be delayed for a long time so that silver
supported materials have great potential for antibacterial applications [42]. Several kinds of silver carriers using
different inorganic carrier such as zeolites [43] mesoporous silica [44] titanium oxide [45] tetravalent metal
phosphates [46] have been developed. Potential applications of hybrid composites outlined; are likely to
extend ,especially, to antimicrobial materials.

Antimicrobial silver mechanism the mechanisms behind the activity of composites of silver ion or silver
nanoparticle (AgNPs) on bacteria are not yet fully elucidated, but the three most common mechanisms of toxicity
proposed to date [30, 47-53] are: is due to its partial oxidation and release of silver ions (Ag+) [48, 49] After this
oxidation occurs, the following actions can happen either simultaneously or separately: (i)Uptake of free Ag+
followed by disruption of ATP production and DNA replication [49] ; (ii) AgNPs and Ag+ interaction with bacterial
proteins, disrupting protein synthesis [30] ; (iii)AgNPs directly damage cell membranes, interacting with the
peptidoglycan wall cell and the plasmatic membrane causing cell lysis [50].

Besides, disregarding the exact mechanism of interaction, several works have stated that AgNPs may increase
the cell membrane permeability and, subsequently, penetrate inside cells to induce any one or the entire cascade of
effects just described [51-53].

Here we are reporting for the first time the preparation of polyethylene(PE) incorporated with fibrous cerium
phosphate silver nanocomposite membrane (CePAg-PE), with a particular emphasis on the role of the antibacterial
resistance of CePAg-PE, the antibacterial resistance studied by measuring the rate of antibacterial for four types of
bacteria.

2. Materials and Methods

2.1. Chemicals
Ce(S0y),.4H,0, H3P0O,4(85%) of BDH , AgNO; of Reidel De-Haen. High density polyethylene ( HDPE) was
used as matrix polymer ( SABIC Saudi Arabia , HDPE F00952)

2.2. Instruments Used for Characterization

X-ray powder diffractometry Philips, using Ni-filtered CuKo (A = 1.54056A), TG/DTA Analyzer model
SlIExtra6000- 6300, Fourier Transform IR Spectrometer, model IFS 25 FTIR Bruker, Scanning electron
microscopy (SEM) Jeol SMJ Sm 5610 LV., used for fibrous cerium phosphate , Scanning electron
microscopy(SEM) LEO. used for( CePAg-PE), pH Meter WGW 52.

2.3. Preparation of Nanofibrous Cerium Phosphate (nCePs)

200 ml 0.05M (CeS0,), 4H,0 in 0.5M H,SO, were added drop wise to 200ml 6M H3PO, at 80°C with stirring.
The stirring was continued at that temperature for 4h. The resultant product was dispersed in 2 liter distilled water
with stirring for 1h. Then subjected to washing by distilled water up to pH~3.5, filtered and allow to dry in air to
obtain flexible fibrous cerium phosphate membrane.

2.4. Incorporation of Ag” ions Into Nanosized Fibrous Cerium Phosphate Membrane

0.273 grams of thin film nanosized fibrous cerium phosphate membrane ,Ce(HPO,),.2.9H,0, was soaked in
20ml of 0.1M AgNO; in 0.1 M HNOj; solution for72hrs. The resultant product was filtered, washed with distilled
water , and left to dry in air.

The Ag® ions content were estimated gravimetrically, the water content of CeHg7(POy4),.  (Ag” )13 .nH,0O was
estimated by thermal treatment.. Accordingly the loading of the silver ions and water of crystallization of the
resultant material was formulated as Ce(H)o7(PO,),. (Ag*)13 2.97H,0.
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2.5.Incorporation of CeH7(PO4)2. (Ag*)13.2.97H,0 into PET.

The HDPE of desire amount was compounded with a counter rotating twin-screw extruder at a maximum
temperature of 190 °C with mixing rate 50 rpm. During melting process different amounts of CeP-Ag (2, 5 and 10
wit%) relative to HDPE, were mixed with HDPE.

2.6. Antimicrobial Investigations

The bacterial strains listed below were authenticated and provided by the Microbiology Laboratory, Faculty of
Pharmacy, University of Tripoli, Tripoli, Libya. While MRSA (clinical isolate) was obtained from Clinical
Microbiology Laboratory, Tripoli Medical Center, Tripoli, Libya.

In the antibacterial property analysis [54], Gram-negative bacteria, Escherichia coli (E. coli), and Klebsiella
pneumoniae (K. pneumoniae), and Gram-positive, Staphylococcus aureus (S. aureus) and Methicillin resistant
Staphylococcus aureus (MRSA) bacteria were used.

The four species of bacteria were grown individually on nutrient broth (Oxoid Ltd., England) at 30 °C for 24 h,
followed by the matching of bacterial suspension to the turbidity equivalent to 0.5 McFarland solution (1.5 x
10® CFU/mL) with the addition of sterile saline. ~ The films were placed in sterile plate and the suspension
(30pL)was dropped on the films. These carrier films were kept under 37+1 -C and relative humidity (RH) > 90%.
After 24 h, the bacteria were washed off using PS and then 100uL serial dilution of this suspension was plated onto
nutrient agar. The colony forming units (CFU) of bacteria were taken count, and the antibacterial rate (R) was
calculated via the following equation;

A—B
ROW) = [=—=| x100
Where A is the CFU of blank sample and B is the CFU of antibacterial samples.

3. Results and Discussion
Nanosized cerium phosphate Ce(HPO,),.2.9H,0(nCePy) ,was prepared and characterized by chemical , XRD ,
TGA, FT-IR, and SEM.

3.1. XRD of nCePs

X-ray scattering has been widely used to characterize the layered structure of nanocomposites materials as the
change in 26 is correlated to changes in the interlayer distance nanocomposites.

X-ray (%i\ffractogram (XRD) pattern of fibrous cerium phosphate membrane is shown in Figure (1-A) with
d001: 10.85A.

3.2. FT-IR of nCePs

(Fig.1-B) shows FT-IR spectrum of fibrous cerium phosphate, with a trend similar to the IR spectra of
M"phosphates. Broad band centered at 3350cm™ is due to OH groups symmetric-asymmetric stretching of H,O,
small sharp band at 1628cm™ is due to H-O-H bending, sharp broad band centered at 1045cm™ is related to
phosphate groups vibration very small peak appears at 2360 cm™ which related to stretching of P-O-H band.

3.3. TGA of nCePs

Thermogram(TG) of fibrous cerium phosphate Ce(HPO,),.2.9H,0 is shown in (Fig.1-C). The thermal
decomposition occurs in continuous process almost one step. The thermal analysis was carried out at temperatures
between 10-750°C, the final product was CeP,0; results from the loss of water of hydration between 60-200°C,
followed by POH groups condensation. The total weight loss found to be equal to 19.09%.

3.4. SEM of nCePx

SEM image of the nanosized fibrous cerium phosphate (nCePf) is shown in (Fig.1-D) Visual inspection of
cerium phosphate indicated that the (nCePf) was successfully obtained and a suitable as nanofibers with average
size ~ 20.5 nm, which confirming that the (nCePf) could be suitable as polymer nanofiller for some industrial
applications.
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Fig-1. Fibrous cerium phosphate : (A) XRD patterns ( B) FT-IR spectrum ( C) TGA analysis (D) SEM image
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3.5. Exchange capacity of nCePs

The ion exchange capacity of nano fibrous cerium phosphate membrane found to be equal to 5.21 meg/g, that
was determined by titration method [1, 2].

3.5. FT-IR of Ce(H).7(PO4),. (Ag*)13.2.97H,0 (CeP-Ag)

FT-IR spectrum of Ce(H)o7(PO.),. (Ag* )15 2.97H,0 is shown in (Fig. 5) and compared with FT-IR of fibrous
cerium phosphate before the ion exchange process (Fig.2). The absorption bands at 3350cm™ is due to OH groups
symmetric-asymmetric stretching of H,O, This band shifted to a lower wavelength 3300 cm-1 in the FT-IR spectrum
of Ce(H)o7(PO4)2 (Ag® )13 2.97H,0 and also became broader. This is related to formation of hydrogen bonds
between the OH of Ce(HPO,),.2.9H,0 and the oxygen of nitrate groups. The bands at n1 = 962.6 and n,~ 1040 cm*
are assigned to the fundamental frequencies of the PO, groups. The low intensity band at 1630 cm™ is assigned to H-
O-H bending of adsorbed water. The band observed at 2360 cm™ is CO, of air.

Fig-2. FT-IR spectrum for : CeP-Ag

Tranerrittanoe (%)

68



3.6. FT-IR spectrum of PE, and CePAg-PE
FT-IR spectrum of neat PE, and CePAg-PE were recorded, and are shown in (Fig.3). The FT-IR spectrum
of PE shows absorption bands at 2850 and 2930 cm™, corresponding to the C-H, stretching, [23, 24] The appearance
of new bands in the FT-IR spectrum of PE incorporated with CeP-Ag ( CePAg-PE) indicates the presence of Cep-
Ag in the PE. The band at 3300cm™ is related to the O-H stretching adsorbed water. Sharp band(doublet) Very small
band observed at 2365 cm™ is CO, of air. Band at 1590cm™ is corresponding to the H-O-H bending of adsorbed
water. Very small broad band centered at 1015cm™ can be assigned for fundamental frequencies of the PO,groups.

Fig-3. FT-IR spectrum for PE and CePAg-PE
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3.7. Thermal stability of CePAg-PE

4
Wavenumber cm

In order to gain quantitative insight into the extent to which the grafting process of CeP-Ag into PE took place,
TGA was used to study thermal behavior of nanocomposites. (Fig.5) shows TG/DTA of CePAg-PE, the total loss
found to be equal to 55.31 % in wt. , the residue was equal to 44.69 % in wt. The residue contain the final product
of 10% in wt loading of the inorganic material CeHg7(PO.),. (Ag”)13.2.97H,0, which is Ce0,.P,0s + Agy 3 Ogses.

Fig-5. Thermal stability of CeP-Ag-PE nanocomposites at 10%wt CeP-Ag loading.
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The thermal decomposition is accompanied by two endothermic peaks at about 122 and 230°C and exothermic
peak at about 398°C. Furthermore, synthesized nanocomposites were found to be thermally more stable than neat
PE, the neat PE start decomposes at 300 °C as received from SABIC, while CePAg-PE decomposed at 350 °C The
improvement in thermal stability due to the presence of CePAg is probably attributed to the formation of CePAg
char that acts as a mass transport barrier and as an insulator between the bulk polymer and the surface where the
combustion of the polymer takes place. The presence of CePAg also hinders the diffusion of volatile decomposition
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products within the nanocomposites. The enhancement of the thermal stability of nanocomposites could also
attributed to the restricted thermal motion of polymer chains between CePAg nanocomposite membrane.

3.8. Morpholgy of CePAg-PE
The surface morphology of CePAg-PE was studied by SEM at different magnifications as shown in (Fig.6).

Fig-6. SEM images for CePAg-PE at different magnifications : (a) low (b)) high
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From the SEM images (Fig. 6), at low magnification show the smooth regions related to polymer. However at
high magnification there are some regions of CePAg-PE appears as a light area this could be related to the presence
of CePAg nanocomposite, well dispersed into PE matrix.

3.9. Antibacterial Property Test

Test plates of the antibacterial compounds (2%, 5% and 10 wt.% CeP-Ag) and of pristine HDPE where
prepared. Antimicrobial testing was carried out following the procedure described earlier. For this assessment, gram-
positive bacteria S. aureaus as well as gram-negative bacteria E. coli were used. Pristine HDPE was applied as
control sample in all experiments and displayed in (Fig.7).

Fig-7. Antibacterial activity of nanocomposite films against bacteria strains. E.coli: Escherichia coli, K . pneumonia: Klebsiella pneumonia,
St.aur: Staphylococcus aureus. MRSA: Methicillin resistant Staphylococcus aureus: (F1) neat PE ( F2) 5%wt CeP-Ag ( F3) 10 % wt CeP-Ag
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All nanocomposites found to have high rate of antibacterial relative to that of neat PE. For E. coli, the rate of
antibacterial (R) was reduced to zero after a contact time of 24 h between the bacteria and the neat PE surface. On
the other hand PE compounds containing CeP-Ag shows high rate of antibacterial. For all synthesized the rate of
antibacterial values were high, and increased with CeP-Ag loadings, this is not surprise results since CeP-Ag
contains Ag” which play as antibacterial.

The rate of antibacterial S. aureus bacteria was also strongly increased during contact with the antimicrobial PE
surfaces. The compound containing 10wt.% CeP-Ag increased rate of antibactriales to 92%.

Based on these observations and the known mechanism of melt extruder polymerization, the mechanism by
which CeP-Ag-PE film formed was proposed , shown as in Scheme 1. The melt blending process involves mixing
the CeP-Ag, under shear, with the PE while heating the mixture above the softening point of the polymer. During the
annealing process, the polymer chains diffuse from the bulk polymer melt between the CeP-Ag fibers.

Scheme-1. Formation of CeP-Ag-PE film via melt extruder. .

AgNO3 —_—
ﬁ Melt extruder

%

lon-exchange

Flbrous cerium
CePf phosphate- silver

Cerfum phosphatesilverpolyethyiene

The incorporations of CeP-Ag into PE matrix ensure the presences of Ag ions into system, and these ions were
not released from cerium fibers as confirmed earlier, this is resulted on PE surface has Ag ions which play a
significant roles on antibacterial properties of this system.

4. Conclusion

Fibrous cerium phosphate silver (CeP-Ag) nano composite membrane were synthesized by ion exchange
method from reaction of Ce(HPQO,),.2.9H,0(,CePs) with AgNO; Cerium phosphate -sliver -polyethylene were
prepared easily by compounding high density polyethylene with different loadings of CeP-Ag using twin-screw
extruder. Antibacterial properties of the nanocomposites were investigated, it was found that, all nanocomposites
prepared has a significant resistant against different bacterial types and increased with increasing Ag* content in
CeP-Ag composite.. CeP-Ag-PE shows slight improvement on thermal satiability relative to pure PE. This study
highlights the need for further studies on the role of the CeP-Ag nanocomposites , its final morphology and
antibacterial properties. This may allow chemical engineering in the near future to prepare materials with tailored
properties for specific applications by fine-tuning the types of ions that ion- exchanged with fibrous cerium
phosphate.
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