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ABSTRACT 

 
Nanotechnology is the understanding and control of matter in dimensions between 1 and 100nm. In such small 

matter portions, improved or even new properties may arise, as a direct consequence of reduced size. Thus, the 

development of multifunctional nanomaterials is nowadays one of the main goals of the materials research field. 

In this context, we produced graphene sheets through ultrasound exfoliation of graphite oxide, followed by 
chemical reduction. Composite nanofibers of these graphene sheets with biocompatible polymer poly (ethylene 

oxide) (PEO) were obtained by electrospinning technique, and irradiated up to 75kGy dose to assess the effects 

of gamma irradiation in the molecular structure of these composite nanomaterial. Our findings showed that PEO 

is quite resistant to radiation damage and that the incorporation of graphene oxide has no significant influence 

on its radiostability. 

 

 

1. INTRODUCTION 

 

Polymer nanocomposites have attracted the interest of many researchers around the world in 

the last decades. In this context, carbon-based fillers play a remarkable role when it comes 

nanocomposites. Carbon nanotubes, fullerene, and carbon nanofibers are among the most 

promising fillers, due to their excellent physicochemical characteristics, such as chemical 

resistance, flexibility, thermal and electrical conductivity, among other. Graphene, a carbon 

two-dimensional material, consists of single layers of carbon atoms arranged in a honeycomb 

structure. In its pristine form, graphene is as efficient as copper in conducting electricity. Its 

remarkable optical properties render almost completely transparent few-layers materials and 

yet its density prevents helium atoms percolation throughout these same layers 

 

Practically speaking, natural graphite can be intercalated with a variety of chemical 

substances to form graphite intercalation compounds (GICs) [1, 2]. These compounds are 

thermally unstable and submit to rapid expansion under heat treatment above the critical 

temperature, resulting in thermally expanded graphite (TEG) [3]. This intriguing material 

presents worm-like or accordion-like structures [4] (figure 1) and has become attractive as 

filler for the manufacturing of conducting composites with common polymers, because of 
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their low percolation threshold when compared with composites of conventional graphite. 

Graphite nanosheets prepared by ultrasound irradiation of TEG were used as fillers in 

composites fabricated by in situ polymerization of the appropriated monomer, resulting in 

materials with percolation threshold lower than 1.0 wt% [5]. Better dispersible few-layer 

materials are obtainable through appropriate choice of solvent mixtures and surfactants to 

provide better exfoliation and dispersion stability upon storing for long periods [6].  

 

 

 
 

Figure 1: Worm-like structure expanded graphite x 500. [1].  

 

 

In this work, we prepared graphene oxide (GO) and reduced graphene oxide (HGO) using 

solution processed methods [5, 7]. Polyethylene oxide/graphene oxide (PEO/GO) 

nanocomposites in 0.25% concentrations and irradiated these composites in order to assess 

radiostability of these materials. The incorporation of graphene in the biocompatible PEO 

matrix has the potential might yield multifunctional materials suitable for many biomedical 

applications, such as components for polymer blend matrices in drug delivery vehicles, drug-

loaded implants or wound-healing breathable membranes.  

 

An additional aim of our work was to fabricate nanofiber composites through electrospinning 

experiments. The fundamental idea of this technique comes back to the 19
th

 century, when 

Rayleigh [8] observed the formation of fibers in grounded plates as polymer solution-charged 

syringes, placed a few centimeters from these plates. In our work, the amount of fibers was 

still low, but we keep en route to achieve materials presenting high level of fiber formation. 

 

 

2. MATERIALS AND METHODS 

 

Graphite powder (20 µm, Fluka) and PEO (6kg/mol, Fluka) were used without further 

purification. GIC was prepared according to previous reports [2]. Briefly, a mixture of 
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concentrate sulfuric and nitric acid (4:1) was added to natural graphite powder at room 

temperature and the resulting mixture was stirred for 16 h and filtered through a Hirsch 

funnel. GIC cake was rinsed with distilled water until neutrality of the washing water and 

dried in an oven for 24h at 80 
o
C. GO was obtained from expansion of the dried GIC by 

irradiation in a microwave oven for 6 s (model NN-S42 B, 800W, Panasonic) followed by 

sonication in an ultrasound probe (Sonics, USA, 20kHz)  in ice water bath [5] and drying in 

oven at for 24h at 80
o
C. Graphene oxide reduction was performed from sonicated graphene 

oxide dimethylformamide (DMF) suspensions with hydrazine (24%) under stirring for 24h at 

room temperature. After this time, hydrazine excess was washed off of HGO filter cake with 

DMF, the precipitate was ressuspended with DMF under sonication for 2h. 

 

PEO/graphene oxide composite were prepared by dissolving 1g of PEO in 15 ml of distilled 

water and a DMF/water (80:20, v/v) suspension of graphene oxide to yield a 0.25% 

composite film after casting onto Petri dishes and evaporation of the solvent mixture.  

 

Gamma-irradiation of composites films was done in a gammacell irradiator at 25, 50, and 

75kGy doses. Scanning Electron Microscopy (SEM, JEOL 6360) characterization of 

graphene oxide and PEO fibers were performed on gold-coated samples. The X-ray 

diffractograms (Rigaku D/max-2200, Texas, USA) were taken with CuKα  radiation, 1.54 Å, 

40 kV, 20 mA, in the range of diffraction angle 2θ = 5– 60° in a continuous scanning type at 

1.2° per min. Electrospinning (Starter Kit - Linari, Italy) of PEO solutions in ethanol 

30%¨(v/v) were done at  7.0 cm working distance and 11kV of applied voltage. Viscosity-

average molar mass (Mv) of PEO and its composites were determined in triplicate with an 

Ostwald viscometer at 35°C using 2.0– 3.0 g/dl aqueous solutions through Mark-Houwink’s 

equation: 

 

 

[η] = K Mv
a 

              . 

(1) 

Where: 

a, where [η] – intrinsic viscosity, 

K = 1.6x10
–4

 dl/g, a = 0.82 [27]. 

 

 

 

3. RESULTS AND DISCUSSION 

 

Our method of graphene production yielded exfoliated platelets presenting large surface area, 

in dimensions reaching a few millimeters, for GO (Figure 2). Similar characteristics can be 

seen in HGO (figure 3). Hence, wormlike structure of expanded graphite destroyed in 

exfoliated samples.  
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Figure 2: Electron micrograph of graphene oxide (GO) (scale bar = 2µm).  

 

 

 
 

Figure 3: Electron micrography of reduced graphene oxide (HGO) (scale bar = 2µm). 

 

 

Loss of structural organization is confirmed by X-ray diffraction analysis (XRD). Typical 

26.5
0
 peak corresponding to dspacing  of 3.4nm of graphite is still present in intercalated and 

expanded graphite (figure 3, black and green lines, respectively). GO platelets obtained after 

exfoliation showed no peak in this region, exhibiting total amorphous characteristics (figure 

4, blue line). Reduction with hydrazine to yield HGO also resulted in an amorphous product, 

but with a broad peak roughly at 24.6
0
, corresponding to interlaying of space of 3.8nm, very 

close to dspacing values for pristine graphite, evidencing a slight recovery of natural stacking, as 

the π system is partially restored after chemical reduction of GO.   
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Figure 4: X-ray diffraction of intercalated graphite (black) expanded graphite (green), 

graphene oxide (blue) and reduced graphene oxide (in red).  

 

 

Electrospinning experiment render a few microfibers in the 1-3um diameter range. 

Nevertheless, most of the material presents undefined morphology. Further experiments are 

needed in order to better adjust electrospun parameters. PEO microfibers are shown in figure 

4. 

 

 

 
 

Figure 5: Electron micrography of polyethylene oxide electrospun fibers (scale bar = 

10µm). 
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Preliminary results show that PEO is quite resistant to gamma radiation damage. Variations in 

Mv values due to radiation damage are not sugnificant (at 95% confidence level) as can be 

inferred from in the low R
2
 in linear fits of reciprocal of molar mass x 10

6
 versus dose (kGy) 

for both, PEO and PEO/GO nanocomposites (Figure 6). These findings show that the 

inclusion of PEO in medical devices may be a good option, not only because of its good 

hydrophilicity  and biocompatibility, but also because of its good radiostability. The 

introduction of GO as a carbon filler did not cause any significant increase in molecular 

damage under gamma irradiation in doses up to 75kGy.  

 

 
Figure 6: Reciprocal of molar mass x 10

6
 of Polyethylene oxide  (blue, linear  fit y = 

0,0379x + 241, R² = 0,027) and Polyethylene oxide/ graphene oxide  nanocomposite 

0.25%  (red, linear fit y = 0,1996x + 263,  R² = 0,3815) versus dose (kGy).  

 

 

4. CONCLUSIONS 

 

Ultrasound exfoliation is an effective tool for graphene platelets obtention from intercalated 

ghaphite. Irradiation up to 75 kGy did not result in significant molecular damage in PEO 

chains either with or without the incorporation of graphene oxide. Electrospinning at the used 

conditions rendered micro instead of nanofibers. Future applications of these fibers are in 

drug  nanocarriers for implant devices, thus, radiation stability is a desirable feature of these 

materials which may be radiosterilized before medical use. 
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