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 Background: This paper highlights grafting work of polyolefin film with antimicrobial 
additive (AM), sorbic acid. The graft polymerization was achieved using electron beam 

irradiation in inert nitrogen atmosphere. Sorbic acid, or 2,4-hexadienoic acid, is a 

natural organic compound used as a food preservative and was selected for 
incorporation onto raw polyethylene (PE) film. Objective: Optimization of grafting 

parameters such as irradiation dose, monomer concentration and reaction temperature 

and reaction time using pre-irradiation grafting method. Results: The optimum 
conditions for enhancing grafting yield (%) were determined at the following 

conditions: irradiation dose of 60 kGy, AM concentration of 10%, reaction temperature 

and reaction time of 60°C and 3 hours respectively.  The successful preparation of the 
grafted film was confirmed using Fourier Transformed Infra-Red Spectroscopy (FTIR) 

and Scanning Electron Microscopy (SEM).  Conclusion: Grafting of sorbic acid onto 

low density polyethylene film was successfully conducted using the radiation induced 
grafting under controlled reaction parameters. Optimization of these parameters will be 

a guide for the use of antimicrobial agents in food packaging which can inhibit the 
microbial population with specific targeted microorganisms and lead to higher safety 

and quality products.   
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INTRODUCTION 

 

The structure and properties of plastic material can be modified either by conventional chemical process or 

by ionization radiation from radioactive sources or highly accelerated electrons. Among these, radiation grafting 

is well known as a versatile and a clean method because of its large penetration in polymer matrix, rapid and 

uniform formation of active sites for initiating grafting throughout the matrix which is useful for the 

development of new materials that feature unique properties. Radiation-induced grafting has been more 

attractive due to fast free radical formations without any toxic chemical intermediates, like initiator or catalyst. 

These chemical often need long time to react and high in toxicity. Therefore, grafting is an environmentally 

method to develop novel material with unique properties. Radiation induced grafting is simply based on the 

irradiation of base polymer by electron beam irradiation either in the presence of monomer (mutual grafting) or 

without a monomer (pre-irradiation grafting) to create active sites (Işıkel Şanlı and Alkan Gürsel, 2011).   

In pre-irradiation grafting, the polymer backbone is first irradiated, in vacuum or inert atmosphere to 

activate stable free radicals, which are then reacted with a monomer at elevated temperature (Vahdat et al., 

2007). Diffusion of the monomer to these active sites drives covalent bonding with active surface with specific 

properties as desired.  A major advantage for this method is minimisation of homo-polymer formation.  

This study focuses mainly on the optimization of reaction parameter for grafting of electron beam radiation 

on graft polymerization of sorbic acid onto polyethylene film by pre-irradiation grafting technique. The effect of 

grafting condition such as irradiation dose, AM concentration, reaction temperature and reaction time were 

studied to verify their influence on grafting of antimicrobial agent onto polyethylene film. The evidences of 

grafted film were studied using Fourier Transformed Infra-Red Spectroscopy (FTIR) and Scanning Electron 

Microscopy (SEM). 
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Methodology: 
Low Density Polyethylene film (thickness ~ 50µm)  was extruded using blown film extrusion. Sorbic acid 

were purchased from Sigma-Aldrich and used as received. Solvent and chemical reagents were of laboratory 

grade and were used without further purification. The LDPE film was cut into 10cm x 10cm square pieces of 

known weight and ultrasonically washed in methanol solution for 1 hour to remove surface contaminants. 

Subsequently the film was dried in a vacuum oven at 60°C until it reached constants weight. and thereafter was 

put in a sealed bag and flashed with nitrogen for 2 minutes to remove the air. The film samples were placed on 

dry ice and irradiated using electron beam accelerator operated at voltage of 2MeV to a different dose ranging 

from 10 kGy to 100 kGy. The irradiated film was directly used for grafting reaction after irradiation. The 

grafting reaction was carried out in an ampoule, where the irradiated sample was placed inside the ampoule and 

immersed with sorbic acid solution of known concentration for 3 hours. The reaction temperature and reaction 

time range evaluated was 60-80°C and 1-5 hours respectively. The samples were then removed from the 

solution and cleaned by sonicating for 1 hour in distilled water and washed again repeatedly with distilled water 

until no subsequent weight decrease. This is to remove the excess monomer and homopolymer. The weight of 

grafted sample was measured after drying overnight in an oven at 60°C.  

Effect of parameters evaluated against the grafting copolymerisation was calculated by mean of the grafting 

yield (GY) as defined below (Eq. 1) : 

 

GY(%) = ((Wg – W0)/W0) x 100               (1) 

 

Where, Wg and W0 is denote the weights of grafted and un-grafted samples, respectively. 

The IR spectra of grafted film were obtained using ATR-FTIR spectrometer (Mattson 6020-Galaxy Series) 

in transmittance mode at frequency in the range of 4000-400 cm
-1

. The grafted film morphology was analyzed 

as a function of degree of grafting SEM (JSM-840A, JEOL Co., Massachusetts, USA). 

 

Results: 

 
Fig. 1:  Effect of Irradiation Dose. Grafting condition: 10%  sorbic acid, 60°C reaction temperature, 3 hours 

reaction time. 

 

 
Fig. 2: Effect of AM Concentration. Grafting, condition:  3 hours reaction time, 60°C reaction emperature, 60 

kGy irradiation dose. 

 



94                                                                     Nor Azwin Shukri et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(15) Special 2014, Pages: 92-96 

 

 

 
Fig. 3: Effect of reaction temperature. Grafting condition: 10% sorbic acid,  sorbic acid, 3 hours reaction kGy 

irradiation dose. 

 

 
Fig. 4: Effect of reaction time. Grafting condition: 10% sorbic acid, 60°C temperature, 60 kGy irradiation dose. 

 
 

Fig. 5: Chemical structure of sorbic acid 

 

 
Fig. 6: FTIR Spectra of (A) LDPE and (B) LDPE-g-Sorbic Acid 
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Fig. 7: Cross-sectional scanning electron micrograph of (A) LDPE and (B) LDPE-g-Sorbic Acid 

 

Discussion: 

Figure 1 shows the effect of irradiation dose (kGy) on the grafting yield (%). Grafting of sorbic acid onto 

LDPE film was done using a pre-irradiation method with doses of 10, 20, 40, 60, 80 and 100 kGy. As in typical 

pre-irradiation method, the grafting yield (GY) increased as the irradiation dose increased as shown in Figure 1. 

The figure clearly shows that GY increased with irradiation dose and reached maximum GY of 1.67% at 60 kGy 

then levelled off beyond 60 kGy. This result proved that formation of free radical at the polymer surface and 

accessibility of monomer towards the active sites leading to formation of grafted material. Although GY 

appreared to be low, the weight of the subtrate increased indicating that the grafting of the sorbic acid onto the 

surface of the LDPE film through pre-irradiation grafting. The increasing of GY with radiation dose observed in 

this study was significant with the result obtained by Izumi et al.  (Izumi et al.,2001) for pre-irradiation grafting 

of styrene onto polyethylene. The lower GY at a higher dose is attributed to the radicals having been sufficient 

to initiate a grafting reaction, therefore a further increase in irradiation dose will produce excess radicals that 

decay by recombination and transfer reactions (Jun et al.,2001). Since highest GY value could be achieved at 

dose of 60 kGy, the 60 kGy is proposed to be optimum irradiation dose for this grafting system. 

Figure 2 presented the relationship between grafting yield against antimicrobial additive (AM), sorbic acid 

concentration.  As shown in Figure 2, the GY, as expected, increased with increasing of monomer concentration.  

At 2% AM concentration shows the degree of grafting value is rather low. As the AM concentration increases to 

5% and 1% (Fig. 2), shows an increasing trend in the grafting yield, with the highest value of 1.67% at 

irradiation dose of 60 kGy for 10% AM concentration. Higher GY is expected with increasing concentration 

since no homo-polymerization was observed throughout this grafting reaction indicated that diffusion of 

monomer diffuse smoothly into the film. This also benefit the increased of GY because the grafting depends on 

the monomer’s availability to the actives sites within the polymer matrix and availability monomer increases at 

higher monomer concentration (Zu et al.,2006). Therefore, as long as the sorbic acid is present in the grafting 

solution, further polymerization takes place leading to the higher GY with increasing of AM concentration. The 

lowering of GY at high dose is reflected by the depletion in AM concentration in the grafting layers and hence 

the accesibility of the AM to the grafting site is reduced. Therefore, from this result, 10% sorbic acid 

concentration can be considered as the optimum monomer concentration of this system. 

The effect of reaction temperature has been studied at a constant reaction of 3 hours and 10% sorbic acid 

concentration. The variation of GY as a function of temperature (40 and 60 °C) at various irradiation doses is 

presented in Figure 3.  The GY is found to be linear with both reaction temperatures (Fig 3). However, when the 

irradiation dose further increased, there was a decrease in GY. By comparing the GY obtained between 40°C 

and 60°C reaction temperatures, a maximum GY of 1.67% was observed at 60°C with 60 kGy irradiation dose. 

This may be explained by the fact that grafting reaction not only depends on the efficiency of the reaction 

between free radical and the monomers but  also the diffusion of the monomers towards the polymer matrix. 

Increase of reaction temperature usually leads to increase of grafting speed, which accelerated the diffusion of 

monomer within LDPE matrix  and resulting better diffusion of AM to the active sites. As a result, higher extent 

of grafting is achievable (Gupta et al.,2000, Li and Wang,2005). The low GY at high dose region is may be due 

to the fast loss of reactive species and eventually causing GY to level off, which support the earlier result in 

Figure 1.  For the above reason, the most appropriate temperature in this work was 60°C.  

 

A) B) 
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The relationship between the reaction time and the GY for graft copolymerization of sorbic acid onto LDPE 

film is shown at Figure 4. Obviously, the GY initially increases drastically with time after 3 hours which, it 

tends to level off gently over period of time. The drastic increase with the increase in the reaction time can be 

ascribed to the acceleration in the monomer diffusion into polymer substrate containing activated radicals 

resulting increased in the graft yield. After reaching optimal value with further increase in reaction time, rapid 

decay in trapped radicals and chain mobility increase leading to a slowdown in the grafting extension 

(Mahmoud Nasef et al.,2011). Based on above results, it was found that the time for obtaining maximum 

grafting reaction was three hours on LDPE-g-SA.   

To verify sorbic acid grafting onto LDPE film, FT-IR spectra on non-grafted and grafted film were 

compared as shown in Figure 6. Grafted film with high graft levels obtained were analyzed for this purpose. 

Analysis of FTIR spectra showed changes in the surface of the samples suggesting the covalent attachment of 

sorbic acid carboxyl group, -RCOOH. The chemical structure of sorbic acid is shown in Figure  5. As shown in 

Figure 6, the grafted LDPE film has an additional band between 1680 and 1725 cm
−1 

which corresponded to 

vibration of the C-O vibration band (νC=O) and was not seen in control film. A characteristic νO-H band 

appears as a broad peak in the 2500 to 3000 cm
−1

 region. Therefore, observed differences between FTIR spectra 

of LDPE and those of grafted film verified the existence of grafting. 

The effect of sorbic acid grafting upon the surface morphology of LDPE film was investigated with SEM 

micrographs at 2000x magnification. Figure 7 shows the cross sectional of sample surfaces before and after 

grafting to confirm the success of radiation grafting of sorbic acid onto LDPE film. SEM micrograph shows 

approximately 2.0μm of an additional layer in comparison with the raw film suggesting that there is a grafted 

layer of SA on the film. This finding is also consistent with the results of Mirzataheri et al. (Mirzataheri and 

Morshedian,2006) that confirmed the grafting of thin layer about 3µm PVP onto LDPE surface. 

 

Conclusion: 

Grafting of antimicrobial additives using sorbic acid was synthesized by radiation-induced grafting. 

Grafting of sorbic acid onto pre-irradiated LDPE films has been shown to be possible with the optimum 

parameter of: sorbic acid concentration of 10%, irradiation dose of 60 kGy, reaction time of 3 hours and reaction 

temperature of 60°C. The result of FTIR spectra confirms the existence of grafting by appearance of new peak 

at 1725 cm
−1

 attributed to C=O bonds.  The comparison in surface morphology between LDPE and grafted film 

provide further evidence for grafting of sorbic acid onto LDPE films. As an extension of this work, the LDPE-g-

sorbic acid is being subjected for further evaluation on the effectiveness of the antimicrobial in the packaging to 

serve as antimicrobial active packaging.  
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