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Abstract 

Polymer–metal nanocomposites offer a versatile platform for integrating structural flexibility with functional magnetic 

properties. In this paper, the synthesis and characterization of polyethylene terephthalate/iron (PET/Fe) nanocomposite films 

prepared via ion beam sputtering technique is reported. Structural investigations using GIXRD confirmed the successful 

incorporation of body-centred cubic (bcc) Fe nanoparticles into the PET matrix, with 4.65 nm average particle size. The 

absence of oxide-related peaks demonstrated that the embedded Fe retained its metallic state, while modifications in PET 

diffraction peaks indicated polymer–Fe nanoparticle interactions. Magneto-optical Kerr effect (MOKE) measurements 

revealed well-defined ferromagnetic hysteresis loops at all azimuthal orientations, with a coercivity of ~19 Oe. An angular 

dependence of the saturation field suggested slight stress-induced magnetic anisotropy within the film. The findings of the 

study are discussed in this paper. 
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Introduction 

Iron (Fe), a fundamental magnetic substance throughout human 

history, remains critically significant in the age of advanced 

technology. Researchers are especially interested in nano 

structured iron films for use in magnetic sensors, high density 

recording, data storage, and biomedical systems like magnetic 

resonance imaging (MRI) and targeted drug delivery
1-10

. One 

big problem with Fe nanoparticles is that they are very prone to 

oxidation and degradation and this weakness becomes 

significantly more pronounced as the size of nanoparticle 

decreases. This means that the nanoparticles need to be 

protected in an effective way. 

 

In this situation, polymers have become great host matrices for 

embedding metal nanoparticles.  Their attractive features, such 

as flexibility, non-corrosiveness, easy processibility, light 

weight and cost-efficiency, combine synergistically with the 

unique magnetic and optical properties of nanoparticles to create 

multifunctional nanocomposites. The efficacy of a polymer 

matrix in protecting embedded metal nanoparticles from 

oxidation has been previously demonstrated, for instance, in 

systems like PVA and PMMA with iron, cobalt and nickel
11-14

. 

 

Among the various techniques for fabricating such 

nanocomposites, physical vapour deposition methods like ion 

beam sputtering (IBS) offer distinct advantages. IBS is a clean, 

industrially viable technique that ensures good adhesion of 

adatoms and maintains the chemical purity of the deposited 

metal without requiring post-synthesis purification. Previous 

studies have successfully employed IBS to embed Fe 

nanoparticles in polymers like PVA and PMMA, revealing 

insights into the growth evolution of nanoparticles and their 

resulting magnetic properties
11,15,16

. 

 

Here, the choice of polymer substrate is a critical determinant of 

the final properties of the nanocomposite. Polyethylene 

terephthalate (PET) is a polymer of significant technological 

interest due to its exceptional mechanical strength, high 

transparency, chemical resistance, and widespread use in 

packaging, textiles, and as a substrate in flexible electronics. Its 

well-defined surface chemistry and thermal properties make it 

an intriguing candidate for hosting magnetic nanostructures, 

potentially leading to nanocomposites with robust mechanical-

flexural strength alongside functional magnetic and optical 

characteristics. In the present work, we have synthesized 

PET/Fe nanocomposite film by depositing iron nanoparticles 

onto PET substrate using the ion beam sputtering (IBS) method. 

The as-prepared nanocomposite film was comprehensively 

characterized using Grazing Incidence x-ray diffraction 

(GIXRD) and Magneto-Optical Kerr Effect (MOKE) 

magnetometer.  

 

This study aims to explore the growth of Fe on PET and the 

magnetic properties of novel PET/Fe nanocomposite film. 

 

Materials and Methods  

Commercially available polyethylene terephthalate (PET) films 

with a thickness of 100 µm were procured from SPAREPET, 
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Hyderabad, and used as the polymer substrate. Prior to 

deposition, the PET sheets were cut into appropriate dimensions 

and were properly cleaned with double distilled water and dried 

at ambient conditions.  

 

Iron (Fe) thin film (40 nm) was sputter deposited onto the 

cleaned PET polymer substrate using Ion Beam Sputtering 

(IBS) technique. A high-purity iron target (99.95%) was 

sputtered using a Kaufman-type ion source with argon as the 

process gas. Prior to the actual depositions, the sputtering rate 

was carefully calibrated and optimized to ensure uniformity and 

precise thickness control. The base pressure in the deposition 

chamber was maintained 2×10⁻ ⁶  mbar and a working pressure 

of 2×10⁻ ⁵ , beam current was 40mA and voltage was 

maintained at 1000 V.  

 

The substrate-to-target distance was fixed at 16cm, and the 

deposition rate for iron was 27.1Å/sec. The deposition of Fe 

nanoparticles was carried out at ambient temperature.  

 

The structural features of both the pure PET film and PET/Fe 

nanocomposite film were examined using grazing incidence x-

ray diffraction. The diffraction patterns were recorded by 

employing a Bruker D8 Discover instrument using Cu Kα 

radiation (λ = 1.54 Å). The grazing angle was set as 0.5˚ and the 

diffraction pattern were recorded at a scan range of 10˚-100˚, 

with the incremental step sizes of 0.02°. 

 

Magnetic hysteresis loops (in-plane magnetization) were 

recorded via a longitudinal mode using magneto-optical Kerr 

effect (L-MOKE) diffractometer (Evico Magnetics, Germany). 

The hysteresis loops were recorded at 0° and 90° azimuthal 

angles. 

 

Results and Discussion 

GIXRD Study: The GIXRD patterns of pure PET and PET/Fe 

nanocomposite films are shown in Figure-1(a). In case of pure 

PET sample, a prominent peak at 2θ = 26.35˚ can be seen 

demonstrating the semi-crystalline nature of the pristine 

polymer film. In addition, shoulders around 2θ ~ 18˚ and 23˚, a 

peak at 2θ ~ 47˚ and a broad hump around 2θ ~ 54˚ can also be 

seen. The corresponding interplanar distance as determined 

using Bragg’s law (equation-1). These values are consistent 

with the previous reported values in the literature
17

. 

  

                                   (1) 

where, n is the order of diffraction, λ is the wavelength of 

incident x-ray, d is the interplanar distance, θ is the Bragg angle. 

 

Upon incorporation of iron nanoparticles, the intensity of the 

PET peak at 2θ = 26.35˚ showed a signification decrease, 

suggesting the interaction between iron nanoparticles and the 

PET matrix. Further, the higher peaks around 2θ = 47˚ and 54˚ 

exhibited interesting features with the incorporation of Fe 

nanoparticles. These peaks display broadening. Additionally, a 

slight shift towards lower 2θ values was noted for the peak at 

47˚. This shift indicates a change in the interplanar distance, 

suggesting the incorporation of Fe nanoparticles into the PET 

matrix. For iron, two peaks around 2θ = 45˚ and 81˚ can be 

observed, which are attributed to the (110) and (211) planes of 

iron in bcc (body centred cubic) phase, a closer view of the 

diffraction peaks of Fe nanocrystals in PET/Fe nanocomposite 

film is shown in Figure-1(B) and peaks of pristine PET in this 

range are included for comparison.  The interplanar distances d 

were determined by Bragg’s equation (1) and found to be 2.02 

Å and 1.17 Å for (110) and (211) planes respectively which 

match well with the earlier reported values (JCPDS Card No.87-

0722). No other peak is observed indicating that there is no 

oxide formation of these metal nanoparticles and Fe is present in 

its metallic state inside PET. This indicates that PET is capable 

of protecting Fe nanoparticles from environmental degradation. 

 

The lattice constant of Fe nanocrystals was estimated using the 

formula given in equation (2) and is found to be 2.84Å. 

 

                    (2) 

 

where, ‘a’ is the lattice constant and h, k and l are the  Miller 

indices. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1: GIXRD pattern of pristine (A) PET and PET/Fe nanocomposite films, (B) XRD fit for Fe peaks in PET/Fe 

nanocomposite film. 
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The observed interplanar distance and lattice constant match 

well with the JCPDS record for bcc iron (JCPDS Card No.87-

0722). The particle size was estimated using Scherer formula 

(equation-3)
18

. 

 

   
     

      
     (3) 

where, λ is the wavelength of x-ray used, β is the full width at 

half maximum (FWHM), θ is the Bragg angle. The particle size 

of the Fe nanoparticles is found to be 4.65 nm. 

 

AFM studies: To study the distribution of embedded Fe metal 

nanoparticles in PET polymer matrix, AFM images were 

recorded for both pristine PET as well as PET/Fe 

nanocomposite films. The AFM images of pure PET and 

PET/Fe nanocomposite films are presented in Figure 2. It may 

be noted that the pristine PET displays a smooth surface with no 

noticeable features over the surface, PET/Fe nanocomposite 

film, on the other hand displays spherical structures covering the 

whole surface evenly. These spherical structures can be 

attributed to Fe nanoparticles–polymer nanocomposite structure. 

AFM clearly supports the formation of PET/Fe nanocomposite 

structure.  

 

  

 

 

 

 

 

 

 

 

Figure-2: AFM images of (a) Pristine PET, (b) PET/Fe 

nanocomposite film. 

 

MOKE Study: The surface magnetism of PET/Fe 

nanocomposite films have been studied using MOKE 

magnetometer. Figure-3 presents the hysteresis loop of the 

surface of PET/Fe nanocomposite film recorded using MOKE 

magnetometer. The hysteresis loops were recorded in 

longitudinal mode at two different azimuthal angles viz., 0° and 

90°. One can see that the nanocomposite film exhibits well 

defined hysteresis loops at both the azimuthal angles. This 

indicates that the film is ferromagnetic in nature.  

 

The measured coercively (Hc) is about 19 Oe for both the 

azimuthal angles. The saturation field (Hs) is determined to be 

100 Oe approximately for 0° azimuthal angle and 20 Oe for 90° 

azimuthal angle, suggesting presence of slight magnetic 

anisotropy in the as-prepared PET/Fe film, which is most likely 

stress induced anisotropy. During the deposition process, 

residual stress can be frozen into the film and this stress creates 

a preferred direction for magnetization, i.e., the easy direction, 

and in this case 90° azimuthal angle is the easy direction of 

magnetization. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3: Magnetization behaviour of PET/Fe film with 

thickness at various azimuthal angles. 

 

A comparison of magnetic properties of Fe nanoparticle 

embedded polymer films reported in the literature shows that 

the coercivity value of ~19 Oe observed for the PET/Fe 

nanocomposite film in our study is in close agreement with 

previous reports on iron–polymer systems. For example, Fe 

deposited onto PET substrate by ion implantation has shown 

coercivity values ranging from 20–57 Oe, though for thinner 

films (< 6 nm), the coercivity approaches zero
19

. In another 

instance, a 5 nm Fe film on PMMA exhibited a coercivity of 24 

Oe, while Fe films on PVA demonstrated values of 20.76 Oe 

(30 nm Fe, 6.24 nm nanoparticles) and 25 Oe (40 nm Fe, 6.75 

nm nanoparticles)
9,12,20

.  

 

These values indicate that coercivity generally lies in the range 

of 20–30 Oe for iron nanoparticles of size ~5–7 nm embedded 

in different polymer matrices. The slightly lower coercivity (19 

Oe) obtained in our PET/Fe system may be attributed to the 

smaller particle size (4.65nm). Overall, this comparison 

suggests that while the polymer host influences the nanoparticle 

stability and magnetic anisotropy, particle size plays the 

dominant role in governing the coercivity of Fe–polymer 

nanocomposites. 

 

Conclusion 

PET/Fe nanocomposite film was prepared successfully by ion 

beam sputtering. The present work demonstrates that PET 

serves as an effective polymeric host for stabilizing nanoscale 

iron particles while preserving their metallic and ferromagnetic 
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character. GIXRD analysis confirmed the crystalline bcc phase 

of Fe with nanoscale dimensions. AFM study shows presence of 

spherical structures of Fe nanoparticles-PET composite evenly 

distributed on the surface of the film. MOKE measurements 

established the ferromagnetic nature of the film and unveiled 

stress-induced magnetic anisotropy, with 90° azimuthal angle 

emerging as the easy axis of magnetization. The combination of 

mechanical robustness of PET and the tuneable magnetic 

response of Fe nanoparticles makes the nanocomposite film 

attractive for flexible and multifunctional magnetic devices.  
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