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ABSTRACT:
This research focuses on the properties and applications of inorganic nanostructured materials and their surface modifications, with
good antimicrobial activity. In this research, the synthesized nylon 6, 10 was saturated with different concentrations of aluminum
and titanium oxide nanoparticles to form Nano-composites, which used as an antibacterial agent against both harmful
Staphylococcus aureus and Escherichia coli bacteria. The nylon Nano-composites become a good antibacterial agent by inhibition
bacteria from growing. Staphylococcus aureus was the inhibition zone 6 to 12mm and Escherichia coli from 3 to 11mm.
Concentration of Nano-composites become a powerful inhibitor against both gram-positive and gram-negative bacteria.
KEYWORDS: Nylon 6,10, Bacteria, nylon Nano-composites, anti-bacterial agent.
1. INTRODUCTION
The polymeric materials have been used in daily life (Rebaz A
Omer, Hughes, Hama, Wang, & Tai, 2015). It has the capability
of other components to produce a higher quality product (Rebaz
Anwar Omer, Hama, & Rashid, 2017). Polymer Nano-materials
are highly dispersion technologies for the smart design and
environmentally friendly. Three components were created Nanocomposition solute, solvent and Nano solvent, each of them is
changed decomposition was appeared (Crespy & Landfester,
2007; Omar, Gheni, Omar, & Omar). Nylon -6 was modified by
clay lamellae to form polymer Nano-composites (nylon -6/clay)
the property of polymers attributed to a significant volume of the
chains(Nguyen & Baird, 2006; Shelley, Mather, & DeVries,
2001). The formation of polymer Nano-composites requires
modifying the Nano-layer with appropriate organic surface
treatment(Moodley, 2007). Polymer nano-composition leads to
increasing application such as the packaging industry
(containers, bottles, and plastic films), automotive industry (body
parts, exterior, and fuel
tanks), coating industry (wire enamel coating and paints),
electronic industry included (exterior parts of devices and
packaging materials), and aerospace industry (surface coatings
and parts of airplanes)(Fermeglia, Ferrone, & Pricl, 2002, 2003).
Nylon with all types is consisting of polyethylene (CH2)n
separated by peptide units (NH-CO).
Nylon -n: -[-(NH-CO)-(-CH2)n-1-]- or nylon -m,n: -[-(NHCO)-(CH2)n-2-(CO-NH)-(CH2)m-]Peptide units of Nylon get it some unique properties such as
thermomechanical properties, and unique structural due to
provide hydrogen bonding between polymer chains. Two a large
volume of nylon or Nylon-6,6 and Nylon-6 which are used for
garments and carpets. Nylon-12 and Nylon-11 are mainly used in
injection molding, cable jacketing, tubing extrusion and coating

of metal objects (Dasgupta, Hammond, & Goddard, 1996).
Nylon is a polyamide, for synthetic Nylon 6,10 used adipoyl
chloride and hexamethylene diamine, that means six carbons
between two nitrogen atoms, an amide linkage, another unit of
ten carbons (Beecroft & Ober, 1997). Metal nanoparticles have
been used in the various areas such as magnetic(Morey, Bryan,
Schwarz, & Stucky, 2000) catalysis(Ying, Mehnert, & Wong,
1999) optoelectronic(Schneider et al., 2000) and biomedical
materials(Kong & Jang, 2008). Metal nylon nano-composites use
to antibacterial activity. Silver and Zinc Nylon nano-composites
were tested against E. coli. The effectiveness of fabric as
antibacterial observed against E. coli bacteria(Omar, Omar, &
Abdullah, 2016; Omar, Smail, & Omar, 2016). These advanced
materials have unique and unusual Physico-chemical properties,
such as ultra-small sizes, large surface area/mass ratio, chemical
reactivity, and high compatibility for surface modification.
Furthermore, the dimensions of Nano-materials and
biomolecules (such as small peptides, proteins, and nucleic acids)
are generally similar, which allow these particles to exhibit
functions and properties that are similar to normal biomolecules
present in cellular systems. Nano-materials possess well
renowned antimicrobial activity against several microorganisms;
however, it has some nonspecific toxicity. The biofunctionalization of Nano-materials is one such subject to address
this issue. Rational selection of therapeutically active
biomolecules for the design of nanoparticles will certainly
increase the biological applicability(Veerapandian & Yun,
2011). Many metallic have been observed to the growth of
bacteria and inactivate enzymes. anti-microbial was shown
metals such as silver, zinc, mercury, copper, lead, gold,
aluminum and other metals, and the concentration of the metal
needed for this antimicrobial effect is extremely small (Jain &
Srinivasan, 1990).
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2. MATERIAL AND METHODS
Aluminum oxide (Al2O3), Titanium oxide (TiO2), Sebacoyl
chloride, and 1, 6 hexamethylene diamine, were provided by the
Koya University. The chemical materials) were used without
further purification. Distilled water was used for synthesis and
measurements. The TiO2/nylon 6,10 and Al2O3/nylon 6,10 Nanocomposites were analyzed by Rigaku NEX CG X-ray
fluorescence spectrometer. X-ray fluorescence is an effective
method for measuring Aluminum and titanium metals in a
sample. The sample was placed in the chamber and measured by
a 20 mm diaphragm in a vacuum. X-ray fluorescence spectra
were obtained using RX9, Al, Cu, and Mo conditions. In these
analyses, the X-ray tube current was set to approximately 1 mA
for the RX9 target & 0.5 mA for other targets. The X-ray tube
voltage has been set to 25 kV only for the RX9 and 50 kV for Al
Cu, and Mo, targets. The X-ray fluorescence was measuring 200s
for the Al target and 100s for other targets. Aluminum metals
with higher energy equal to 1.5 Kcv and appeared in RX9 targets,
but titanium metals with higher energy observed at 4.5 Kcv in a
target RX9
2.1 Synthesis of nylon 6, 10:
The solution of Sebacoyl chloride 0.5g in 100mL D.W and the
solution of 1,6-hexane diamine 0.5g in 100mL hexane were
prepared. The first solution was added to the second solution to
form a mixture. Both acid chloride at the ends of the sebacoyl
chloride reacts with both amine ends of the 1,6-diamino hexane
to form amide linkages as shown in scheme 1. The polymer was
formed and collected at the interface of the two solutions, which
was known as an alternating copolymer (Usuki et al., 1993).

Kurdistan Region. The cultures at 37°C have grown up overnight
in blood and MacConkey agar. To identify bacterial were made
basted on Gram reaction, Pigmentation, colonial appearance,
motility test, and stander biochemical test. These cultures were
transferred to tryptic Soya broth medium for 24h overnight. Broth
culture was diluted in nutrient broth to inoculum load of
approximately 1.0x106 cfu/ml. It was standardized by adding
gradually normal saline to turbidity compared to McFaland
standard of 0.5 which approximately equal to 1.0 * 106 according
to the standard National Committee for Clinical Laboratory. The
antibacterial performance was carried out using the Kirby-Bauer
method according to (Anand, Therese, & Madhavan, 2000; Jones
et al., 2003). Individual fresh plates were prepared and incubated
at 35 0C for 24h. Each isolates discrete colony was transferred
into a test tube containing 5ml of TSB broth and incubated at
37C˚ overnight. The turbidity of prepared inoculums was closed
to 1.0 × 106 CFU/ml and inoculum were spread on Muller-Hinton
agar medium using a sterile glass spreader, this procedure was
repeated by streaked two more times, the plate was rotated
approximately 60o each time to ensure distribution of the
inoculums. The plastic Sterile was placed on the culture medium.
Plastic was used for control negative, with standard values.
Whereas, antibiotic discs as a standard (ciprofloxacin 10μg/disc,
Ampicillin & Cloxacillin 10μg/disc & Vancomycin 10μg/disc)
were used for control positive. The plates were incubated for 1824h at 37C° and were observed for growth inhibition. After
examination of each plate for 16-18h, the incubation, and circular
zones of inhibition were observed. The diameters of the zones of
inhibition were measured as judged by the unaided eye. The
zones were measured from the surface of the culture medium and
illuminated with reflected light. The zone margin was taken as
the area showing no obvious, visible growth that can be detected
with the unaided eye.
3. RESULTS AND DISCUSSION
3.1 Characterization of Al2o3/Nylon Nanocomposite:

Scheme. 1 Synthesis of nylon 6, 10
2.2 Synthesis of titanium and aluminum/nylon 6,10 ananocomposition:
A dry piece of nylon 6,10 per weight was used, and immersed in
the distilled water for 24h to remove all interference and solvent.
Nylon was swollen in the different concentrations of aluminum
and titanium oxides (0.5, 1 and 1.5M) and set for 48 hours. The
final products were dried in an oven remove at 40 oC for 12h.
Samples were ready to remove antibacterial tests.
2.3 Synthesis of titanium and aluminum/nylon 6,10 ananocomposition:
Staphylococcus aureus (ATCC 25923) and Escherichia coli
(ATCC 25922), were isolated from Azadi hospital in Erbil/
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The x-ray fluorescence is working on the principle that
fluorescence absorbing by detectors. Proportion conductance is
changed based on the energy of the fluorescence which is
processed by the electronic. The horizontal axis determined the
fluorescent, which was measured by kilo-electron volts, whereas
the vertical axis was measured the intensity per second. The
intensity of the fluorescent identified the concentration of the
element in a sample while the energy of the fluorescent
determined the types of elements in a sample. In the x-ray
fluorescent nylon sample without coating by aluminum oxide, the
peak of aluminum was not observed as shown in figure 1a. Nylon
was coated with different concentrations of aluminum oxide
shows peak was observed with different intensity, illustrate in
Figure 1b. The nylon was coated with 0.5 M aluminum oxide the
intensity of the peak was lower 16.000 cps compared to figure 1c
and 1d. The intensity of peaks was equal to 18.000, and 25.000
cps with concentrations 1 and 1.5 M respectively.
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Figure 1. X-ray fluorescence of nylon/Al2O3 nanocomposite: (a) Nylon without Al2O3, (b) 0.5M Al2O3, (c), 1M Al2O3,
(d)1.5MAl2O3.
3.2 Characterization of tio2/nylon nano-composite:
Different concentrations of TiO2/ nylon Nano-composite were
analyzed by x-ray fluorescence, as can be seen in Figure 2.
Nylon without titanium oxide the peak for titanium element
was not exhibiting as shown in figure 2a. When Nylon was
coated (0.5M) TiO2 low intensity was observed, which was

equal to more than above 1.000cps as is shown in Figure 2b.
However, the nylon coated by (1M) was shown higher intensity
for titanium element, which indicated the intensity of titanium
increased to 100.000cps as can be seen in Figure 2c, but for
higher concentration (1.5M), the intensity peak of titanium was
increased to above 100.000cps Fig. 2d.
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Figure 2. 1 X-ray fluorescence of nylon/TiO2 nanocomposites: (a) Nylon without TiO2, (b) 0.5M TiO2, (c), 1M TiO2, (d) 1.5 M TiO2.
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3.3 Antibacterial Activity:
The clear zones were observed, which inhibited microbial
growths against of Nano-composite materials. The nylon
Nano-composite materials showed an interesting efficacy as an
antimicrobial agent against both Staphylococcus aureus and
Escherichia coli bacteria. Table 1 shows the antibacterial
activity of nylon nano-composites when saturated with both
aluminum oxide and tin oxide. The activity of the saturated
nylon has been observed as clear zones around the discs which
indicated the inhibition of bacteria in the selected area and their
diameter of inhibition area increases as the concentration of
Nano-composites increases.
Studies with agar well diffusion method revealed maximum
antibacterial activity of pure saturated nylon as anti-microbial
agents against Staphylococcus aureus was the inhibition zone
6 to 12mm and Escherichia coli from 3 to 11mm as shown in
Figure 3. It can be seen that the zone of inhibition varies from
7 mm to 15 mm for both gram-positive and gram-negative
bacteria. Bacterial sensitivity to nano-composite is not related

only to the structure of the cell wall for both gram-positive and
gram-negative bacteria, but it also related to the composition
and characteristics of which can influence the susceptibility and
tolerance of bacteria too. For instance, Escherichia coli &
Staphylococcus aureus are highly susceptible. (Ashkarran,
Ghavami, Aghaverdi, Stroeve, & Mahmoudi, 2012; Baek &
An, 2011).
Table 1: Inhibition zone of nylon Nano-composites against
bacteria
Diameter of zone
Isolates

Nylon -aluminum Nanocomposite
(1.5
(0.5M)
(1M)
M)

Nylon- titanium Nanocomposite
(0.5
(1.5
(1 M)
M)
M)

S.
aureus

9

11

13

3

10

11

E. coli

7

9

10

9

11

15

Figure 3. Inhibition zone of nylon Nano-composites against bacteria: a) Nylon-Al2O3 Nano-composite against Staphylococcus
aureus b) Nylon-Al2O3 Nano-composite against Escherichia coli c) Nylon-TiO2 Nano-composite against Staphylococcus aureus
d) Nylon-TiO2 Nano-composite against Escherichia coli and C +ve and –ve are controls.
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4. CONCLUSIONS
Nylon 6, 10 was synthesized along with nylon Nanocomposites at different concentration and used as an inhibitor
agent against Staphylococcus aureus and Escherichia coli
bacteria. The Nano-composites showed an interesting
inhibition zone with 9 to 13 mm for Staphylococcus aureus and
7 to 15 mm for Escherichia coli. The anti-bacterial activity
enhanced by increasing the ratio of metal oxides form Nanocomposites with nylon 6, 10. Nylon Nano-composites were
characterized by X-ray fluorescence to indicate the intensity of
aluminum and titanium metal in the Nano-composites.
This study revealed the sensitivity of nylon 6, 10 synthesized
nanoparticles toward the microorganisms that are of
threatening concern. The study was concluded the toxicity of
nylon Nano-composition from one to another species. Also,
research was investigating the exact toxicity mechanisms was
related to deeply the sensitivity of bacteria to the nanoparticle.
More emphasis should be given to the correlation between
nylon 6, 10 synthesized Nano-composition structural, chemical
properties, optical, electrical, and bacterial toxicity.
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