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Abstract: Radiation grafting of monomers onto low density polyethylene is a useful tool for tailoring new polymers 
for special purpose. This study aims to prepare low density polyethylene films grafted with acrylic and methacrylic 
acid. Different factors affecting the reaction conditions on the grafting yield, such as the irradiation dose and 
monomer concentration, type of inhibitors, and inhibitor concentrations has been studied. The prepared grafted 
membranes were characterized to determine the structural changes with Fourier transform infrared (FTIR) 
spectroscopy. The morphological structure using X–ray diffraction analysis and scanning electron microscopy 
(SEM) have been studied. The swelling properties of the prepared copolymers have been studied at different time 
and different pH. It was found that the swelling percent increases as the time increase and found that (LDPE-g- 
PMAAc) increases more than (LDPE-g- PAAc). From Study of different pH it was found that the high pH for 
(LDPE-g- PAAc) and (LDPE-g- PMAAc) at the same pH7. Study of drug loading and drug controlled release versus 
the degree of grafting, drug concentration and different time intervals. It is found that as the degree of graft increases 
the loading percent increase. Also, the controlled release of drug increased as time increases and the maximum 
release occurred after 24 h. 
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Polymerization Induced Grafting For Application In Drug Release Systems. J Am Sci 2015;11(4):77-89]. 
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1- Introduction 

The radiation-induced graft copolymerization as 
a method of modification of polymeric materials has 
been extensively used over recent years (1). 

Graft polymerization can be initiated by using 
gamma rays is one of the most promising methods, 
because of ease of creation of active sites for initiating 
grafting through the matrix of a polymeric substrate 
and moderate reaction conditions(2,3). It allows 
introducing active functional groups to the surface of 
plastic films after modification (4). Radiation-induced 
graft polymerization being both economical and 
environmentally clean technique (2,3). The radiation-
induced grafting method is the most effective for the 
introduction of the graft polymer chains, because the 
molecular chains can propagate through radical 
species that are generated inside and outside of the 
film by irradiation (5,6). By controlling the 
experimental conditions (monomer concentration, 
gamma radiation dose-rate and irradiation 
environment), one can tailor the final properties of the 
samples in order to produce new materials for specific 
applications (5,7,8,9). Radiation grafting Under 
appropriate experimental conditions, modifications of 
polymer properties can be accomplished not only at 
the surface but also throughout the polymer(10). 

Grafting processes may be carried out under 
simultaneous treatment conditions, with all 
components being present during the creation of 
reactive sites. Alternatively, grafting can be performed 
via pre-activation process. Reactive sites are generated 
in the absence of the modifying species, but 
subsequently exposed to modifying species under 
some predetermined and controlled condition (11). 
Other methods have been developed such as atom 
transfer radical polymerization (12,13) or “living” 
radical polymerization (14,15). These methods allow in 
controlling the length of grafts since they act more 
efficiently on the kinetics of the chain growth (16). 
Radiation-induced grafting is a powerful tool capable 
of controlling the introduction of various functional 
groups to the polymeric materials, keeping the original 
properties and especially the mechanical strength of 
the base material, and thus, allowing the synthesis of 
more stable polymeric adsorbents(17). Low density 
polyethylene (LDPE) is most commonly used as 
plastic and has been extensively used as a backbone 
for irradiation grafting with different monomers (5,18). 
In spite of the highly complex structure of 
polyethylene, which makes it particularly difficult to 
interpret the experimental results. Diffusion of the 
monomer being grafted into the host polymer is an 
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important part of the grafting process. However, due 
to the crystallinety of low density polyethylene 
(LDPE), the diffusion of monomer into it is limited 
because the swelling of LDPE in most monomers at 
room temperature is generally(19,20). The direct grafting 
method of acrylic acid onto LDPE films results in a 
cross-linked gel of PE and the formation of poly 
acrylic acid homo polymer. The separation of the 
entrapped film from the hydrogel is difficult. Many 
workers have added Mohr's salt to decrease homo 
polymerization(21). In the grafting of acrylic acid and 
methacrylic acid onto LDPE, the trapped radicals 
formed by irradiation are able to induce graft 
polymerization(22-25). The disorder promoted in the 
molecular structure of PE due the grafting process, 
when gamma radiation is used as the energetic source 
coefficients of other species deep inside the polymeric 
matrix, increasing the material hydrophilicity. Aiming 
at the production of new grafted co polymeric LDPE 
films, suitable to be used for bio applications, we have 
prepared and characterized (LDPE-g-AAc) and 
(LDPE -g- MAAc) copolymers (26). 

This work aims to prepare LDPE film grafted 
(AAc, MAAc) monomers and study their application 
in drug releasing and study of their antibacterial 
activity for gram positive and gram negative. 
 
2. Experimental 
2.1. Material 

Pure Acrylic Acid (AAc) from (Aldrich)of purity 
99% was used as received (C3H6O2), Methacrylic 
Acid (MAAc) 98.5% (C4H6 O2), Low density Poly 
Ethylene films (LDPE) of thickness (70 micron) were 
grafted with AAc and methacrylic from EL-Nasr Co. 
for medical Supplies, Cairo, Egypt. Buffer Solutions 
of pH range (2 to 12). Other chemicals were used as 
received without further purification. 
2.2. Graft Copolymerization onto (LDPE). 

Strips of Low density polyethylene (LDPE) films 
were washed with acetone, dried at 600 C in vacuum 
oven, weighed and then immersed in corresponding 
monomer solution in glass tubes. Homo 
polymerization inhibitors such as cupper sulphate, 
ammonium ferrous sulphate, and ferric chloride were 
introduced in employed monomer solutions. On the 
direct radiation grafting method was carried out under 
nitrogen gas. In this case, the glass tube containing the 
monomer solution and films was exposure by 
bubbling nitrogen for (4-7) min, and then sealed and 
subjected to 60 Co gamma - rays at different radiation 
(kGy/h). the grafted films were removed and washed 
thoroughly with acetone to extract dose the residual 
monomer and the homo polymer which may be 
formed in the film.for instance, poly (acrylic acid) and 
(methacrylic acid) were removed by washing grafted 
films thoroughly with hot distilled water and soaked 

overnight in water to extract the residual monomer 
and the homo polymer which may be occluded in the 
film. The obtained grafted films were dried in a 
vacuum oven at (50 0C - 60 0C) for 24 h and weighted. 
The degree of grafting was determined by the 
percentage increase in the weight as follows:- 
Degree of grafting (%) = [(W g – W 0)/W0] × 100 [1] 

Where W0 and Wg represent the weights of 
initial and grafted films, respectively. 
2.3. Preparation of Buffer Solutions of Different 
pH. 

(Citric acid/ trisodium citrate) and (Sodium 
dihydrogen phosphate/ disodium hydrogen phosphate) 
were used to prepare buffer solutions of pH values 
ranged from 3-5 and 6-7, respectively (27,28). 
2.4. Swelling Measurements. 

Swelling experiments were performed by placing 
the prepared films discs in buffer solutions of varying 
pH of (2-12) at 37°C and measuring Sample weight 
given as a function of time. The discs were withdrawn 
from the buffer solutions and weighed after removal 
of excess surface water by gentle blotting with a paper 
tissue. Percent swelling is expressed as the percent 
weight ratio of water held in film to dry film at any 
constant time. The swelling ratio was calculated as 
shown in equation[2]: 

% swelling = [(weight of swelled film–weight of 
dry film)/weight of dry film]x 100 [2] 
2.5. Drug Loading Efficiency and Drug Release. 

Ciprofloxacin (CPFX) was used a model drug. 
The disc samples (LDPE-g- PAAc) and (LDPE-g- 
PMAAc) (1 g ± 0.0001), were accurately weighted 
and immersed in solution of ciprofloxacin (CPFX, 
0.54 g dissolved in 50 mL of buffer solution) at 37°C 
for 24 h. The loading amount of drug in the films were 
calculated from the decrease in the concentration of 
the CPFX solution which was determined using UV 
spectrophotometer at 400 nm. The loading efficiency 
of the (LDPE-g- PAAc) and (LDPE -g- PMAAc) were 
calculated as the ratio of the final to the initial CPFX 
concentration.In drug release of (LDPE-g- PAAc) and 
(LDPE-g- PMAAc) were dipped in (CPFX) putting in 
the buffer solution and then At specific time Intervals, 
4 mL of solution was withdrawn and after suitable 
dilution the concentration of drug released was 
measured by UV spectrophotometer at 400 nm. The 
drug release percent was calculated twice using the 
following equation [3]. 

Released drug (%) = Rt / L × 100     [3] 
where L and Rt represent the initial amount of 

drug loaded and the final amount of drug released at 
time (min). 

 
3. Measurements: 
3.1. Gamma Radiation Source. 
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The samples were carried out using (60Co) by the 
“simultaneous irradiation grafting” methods in an 
aqueous solution and different doses the irradiation 
facility was constructed by the national for radiation 
Research and Technology (NCRRT), Atomic Energy 
Authority of Egypt. 
3.2. Ultraviolet (UV) Measurements. 

Determination of the loading and release amount 
of drug ciprofloxacin were carried out using JASCO 
V560spectrophotometer in the range from 200-
900nm.the concentration of ciprofloxacin drug were 
measured at 400nm. 
3.3. Scanning Electron Microscopy (SEM). 

The dry sample, spread on a double sided 
conducting adhesive tape, pasted on a metallic stub, 
was coated 100 micron with gold in a sputter coating 
unit 2 min and absorbed in electron microscope at 20 
kV. 
3.4. Fourier Transform Infrared (FTIR) 
Spectroscopic Analysis. 

Polymerization (29,30)of cross-linked samples was 
monitored by the potassium bromide pellet method. 
All the spectra were recorded between 4000 and 400 
cm-1 using a FTIR spectrometer (FTIR 8400 S, 
Shimadzu). 
3.5.X-Ray Diffraction (XRD). 

XRD spectra of drug-loaded and unloaded onto 
LDPE film were recorded using Bruker D8 Discover 
apparatus (Germany). Eva software was used for the 
data processing (Evaluation Package Bruker, 
Germany). Patterns were obtained at a scan speed of 
4º/minute with 2θ between 8° and 20°. 
3.6. Microbial Strains. 

The bacterial and fungal strains used in this study 
were obtained from the Microbiology Laboratory, 
Department of Microbiology, National Center for 
Radiation Research and Technology, NCRRT, Atomic 
Energy Authority, Cairo, Egypt. Tested yeast isolates 
are Candida albicans, Saccharomyces cerevisiae and 
rhodotorula glutinis. Gram-positive bacteria 
Staphylococcus aureus and Gram-negative bacteria 
are Pseudomonas aeruginosa, Salmonella tophi (non 
lactose fermenter) and (Lactose fermenter) 
Escherichia coli and Klebsiella pneumonia. All the 
microorganisms used are checked for purity and 
maintained at 4°C in slants of nutrient agar and malt 
extract agar for bacteria and yeast, respectively (51). 
3.7. Preparation of inocula. 

A loopful of each microbial isolates is 
transferred from new slant into 25 ml broth medium in 
250-ml Erlenmeyer flasks and cultivated on a rotary 
shaker at 100 rpm for 18 hrs at 37 °C for bacteria, and 
for 48 hrs for yeasts. Inocula were prepared by 
transferring into (5 ml) 0.9 % sterile saline solution to 
obtain the required working suspensions, 108 cfu/ml 
for bacteria and 107cfu/ml for yeasts. The bacterial 

suspension was adjusted with sterile saline to an 
optical OD (optical density) of 0.2-0.3. 
3.8. Antibacterial activity. 

Disk diffusion test. Staphylococcus aureus, 
Pseudomonas aeruginosa, Klebsiella pneumonia, 
Salmonella typhi and Escherichia coli, were used in 
order to investigate the antibacterial activity of the 
synthesized grafted film as a polymeric compounds. 
The bacterial suspension was adjusted with sterile 
saline to an optical OD (optical density) of 0.2-0.3. 
The inocula were daily prepared and stored at 4°C 
until use. Dilutions of the inocula were cultured on 
solid medium to verify the absence of contamination 
and to check the validity of the inoculums. 
3.9. Preparation of plates: 

Mueller Hinton agar medium composed of 1gm 
laboratory lemco, 2g yeast, 5g peptone, 5g sodium 
chloride, 20g agar-agar and Distal water 1 liter, Oxoid, 
were cooked and sterilized at 1 Bar for 20 min. in 
addition to Muller Hinton broth (lack agar-agar) those 
are used for bacterial growth. Malt agar medium 
composed of 30 g Malt extract, 5gm Mycological 
peptone, 20gm agar-agar and Distal water 1 liter, 
Oxoid, were cooked and sterilized at 1 Bar for 20 min. 
in addition to Malt broth (lack agar-agar.).Those are 
used for yeast growth. 
3.10. Antibacterial activity assay of polymeric 
grafted film: 

In vitro antibacterial activity of the synthesized 
polymeric grafted compounds was determined by the 
agar disc diffusion method. 18 ml of sterilized Mueller 
Hinton agar medium was taken in each Petri dish and 
then spread with a suspension of the tested micro-
organism (average concentration is 108 cells/ml). 150 
μg of each polymer grafted film was placed on the 
seeded agar plates and then incubated at 37°C for 24 
hrs. The antibacterial activity of the test agent was 
determined by measuring the mean diameter of zone 
of inhibitions in millimeter. 
 
4. Results and Dissection: 
4.1. Effect of Monomer Concentration (AAc and 
MAAc). 

Figure (1) shows the effect of the monomer 
concentration on the degree of grafting of LDPE film. 
As can be seen,the grafting degree increase as the 
monomer concentration increase this behavior can be 
attributed to diffusion mechanisms as well as a high 
amount of the monomer (AAc and MAAc) molecules 
initially available for reaction medium(31,32) there is a 
tendency of grafting degree to be leveled off and reach 
saturation state (1,33). However this might enhance not 
only the copolymerization reaction but also the homo 
polymerization reaction. This is pointed out by the 
percent grafting efficiency (31,32). Moreover, the degree 
of grafting increases more as methacrylic acid 
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concentration increase. As shown at MAAc 30 wt% 
the film produced is reasonable and flexible film. This 
may be attributed for the increases of active sites 
produced after diffusion and increase the grafting. in 
case of AAc It is clear that the degree of grafting 
increases by increasing AAc acid to reach a maximum 
at 30 wt % AAc. Thereafter, any increase in monomer 
concentration leads to decrease in the grafting degree. 
Increases the monomer concentration leads to increase 
the availability of the monomer to reach to the 
reaction sites on the polymer up to 30wt %. The 
excess of monomer concentration causes suppression 
of the monomer diffusion by increasing the viscosity 
of the grafting medium under the homo 
polymerization effect which may restrict the grafting 
percent (34,35). 

 
Figure (1): Effect of aqueous acrylic acid and 
methacrylic acid on the degree of grafting onto LDPE 
films at 20 kGy. 

 
Effect of Type Inhibitor: 
 

 
Figure (2): Effect of different type of inhibitors onto 
grafting using concentration of (AAc and MAAc acid) 
30wt% at 20 kGy. 
 

According to the results on figure (1) the suitable 
concentration of MAAc monomer 30wt%. Studied 
figure (2) the effect of type inhibitor for the grafting 
30wt% MAAc onto LDPE film. It can be seen that the 
grafting percent increase trough using different 
inhibitors moreover, it increases more in presence of 
CuSo4 as inhibitor. the degree of grafting in case of 
CuSo4 inhibitor reached to 463%.so it is used to 
enhance and improve the grafting process since the cu 
ions been attributed to the higher electron affinity of 
Cu(36,37,38). Although other metal ion salts causes an 
increase in, the grafted chain during the irradiation but 
by less amount and produces a lot of homo polymer 
which may be restrict the grafting process through the 
homo polymerization and decreasing the 
grafting(37,38,40). 
The Effect of Different Concentration of Inhibitor 
 

 
Figure (3): Effect the concentrations of inhibitors 
CuSo4 onto grafting using monomers (AAc and 
MAAc acid) at 30wt % and 20 kGy. 

 
Figure (3): Study the effect of different 

concentration of inhibitor CuSo4 onto grafting percent 
of LDPE using monomer concentration 30wt% 
MAAc, AAc at irradiation dose 20kGy, in case of 
MAAc it is clear that although the degree of grafting 
is high in 0.2wt% and more highest in 0.4wt%, the 
selected concentration is 0.06wt% since the produced 
film was more flexible and its shape is reasonable. 
This confirmed that there is specific ratio of the 
inhibitor which may permit to the free radicals to 
defuse interior to the polymeric substrate (36). 
Effect of the Irradiation Dose onto the Grafting 
Percent: 

Figure (4):Show the study of relationship 
between the degree of grafting and different 
irradiation dose(kGy) for monomer concentration 
(30wt% MAAc) onto LDPE film.It is seen that the 
degree of grafting increase as irradiation dos increase 
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however at 10 kgy produces a maximum grafting the 
reasonable film obtained at 20 kGy (5), this prove that 
the free radicals created by irradiation of polymers are 
immobilized, and may remain trapped for a period of 
time and subsequently the monomer is contacted with 
the irradiated polymer. The grafting yield obtained by 
this method usually depends on the efficiency of the 
trapped radicals. The main factor governing the 
trapping of radicals is the physical state of the 
irradiated polymer(5,40). Also in case of (30wt% AAc) 
onto LDPE film it found that the degree of grafting is 
very high at 20 kGy but is highest more than at 15 
kGy. but the reasonable film obtained at 20 kGy. 

 
Figure (4): Effect the different irradiation dose onto 
(LDPE-g- AAc) and (LDPE-g-MAAc) at 30wt% of 
monomers and 0.06wt% of CuSo4 as inhibitor. 

 
Swelling Studies of Prepared Copolymers: 

Figure (5): Effect of time (min) on the swelling ratio 
onto LDPE films using (AAc) and (MAAc) 30wt% at 
20 kGy. 

 
Figure (5): shown the study of swelling percent% 

at different time intervals (min) onto at irradiation 
dose 20Kgy and 30wt% of AAc and MAAc. It was 
observed that the LDPE-g- AAc and LDPE-g-MAAc 

films increases with increase the time (min).This is 
attributed to the increase in ionic monomer within the 
polymer matrix causes an enhancement in its swelling 
capacity due to increased chain relaxation(41). Also, it 
seen that the swelling of LDPE-g-MAAc films 
increase more than the LDPE-g- AAc films which 
may be attributed to the monomer acrylic acid is ionic, 
its concentration may influence the swelling capacity 
or water uptake, This causes an enhancement in the 
chain relaxation owing to the repulsion among 
similarly charged–COO groups on the other hand, the 
relatively slower saturation of PAAc samples occurs 
on a distinctly higher level of swelling. The observed 
increase in the equilibrium water uptake with initial 
increase in the PAAc content may be attributed to the 
fact as the concentration of acrylic acid increases, the 
number of–COO groups along the macromolecular 
chains also increases along with increase in number of 
free H+ ions (counter ions) within the film phase. 
Moreover, higher concentration of free or mobile 
counter ions in the film phase. These two factors 
ultimately result in higher water uptake of films(41). 
And the intra- and intermolecular hydrophobic inter 
actions in macro molecules of PMAA poly complex in 
the presence of alpha-methyl groups in PMAAc 
resulted in the higher hydrophilicity of PMAAc than 
PAAc(54,55). 
Effect of Different pH 

 
Fig (6): Effect of different pH on swelling ratio of 
LDPE films using (AAc and MAAc) monomers after 
24 h and PH7. 

 
Figure (6): The effect of different pH on swelling 

ratio of LDPE films were investigated. It was found 
that when using monomer concentration of AAc and 
MAAc 30wt% the higher swelling ratio at Ph7. The 
equilibrium swelling ratio in different pH buffer 
solutions swelled more at higher pH due to the 
electrostatic repulsion between the ionized forms of 
the carboxylic group, below a pH of 6.0, the swelling 
ratio drastically decreased, indicating that was in a 
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relatively collapsed state mainly due to the formation 
of hydrogen bonding. It is also interesting to note that 
the highest swelling ratio for a specific pH value and 
its value reached approximately 1560wt% at a pH7. 
swelling coefficient with increasing AAc 
concentration due to availability of more carboxyl 
groups for ionization(42). As a result, electrostatic 
repulsion increases along the chain, which causes an 
expansion of the chain (43,44). Low swelling ratio at low 
pH is due to a high content of carboxylic acid groups 
that remain un-ionized at this pH. As the pH increases, 
swelling also increases due to ionization of carboxylic 
groups. However, it is interesting to see that swelling 
ratio of formulations with various concentration the 
number of carboxylate groups decreases, resulting in a 
decrease in the intermolecular repulsion forces, which 
leads to reduction of free spaces available for swelling 
(44,45).From the plot, it was observed a gradual increase 
in swelling ratios from pH 2.0 –7.0, and then a sharp 
transition is observed from pH 7.0–10.0 with a slight 
decrease in water uptake. Because the pKa of 
carboxylic acid containing in the copolymer is about 
4.5, and carboxyl groups of hydrogels tend to 
dissociate at a pH > 4, the osmotic pressure inside the 
hydrogels increases resulting in a higher swelling. In 
the range of pH 7.0–10.0, the system has a basic pH 
and the concentration of basic cations in the outer 
solution also increases. As a consequence, the mobile 
ion concentration increases more rapidly than in the 
outer solution. Thus, a sharp transition was observed 
in this pH range. The decrease in swelling above pH 
7.0 can be explained in that the –COOH groups may 
dissociate and further increase in the amount of 
mobile ions leads to a decrease in osmotic pressure 
(41). 
Study the Drug Loading Amount to the Loading 
Time (min): 

 
Figure (7): The dependency of drug loading amount to 
time (min) of (LDPE-g- AAc) G% (140wt %) and 
(LDPE - g- MAAc) G% (508wt%) in pH7. 

 

Figure (9): Show the study of the drug 
ciprofloxacin loaded onto (LDPE-g- AAc) films and 
(LDPE-g- MAAc) films were investigated.The 
concentration of ciprofloxacin drug loaded at selected 
time intervals was determined by (UV) 
spectrophotometer at specific pH 7 (distilled water). 
The drug (CPFX) was loaded at specific (pH7) on to 
the (LDPE-g- MAAc) films. The degree of grafting of 
the film 508wt%, from figure shown that the degrees 
of drug loading ≥ 80 % at about time 250 min and 
after this time loading of drug tend to leveled off this 
agree with similar cases of study by the swelling – 
diffusion method. Also in case of (LDPE-g- AAc) 
films the degree of grafting of the film of 140 wt% as 
shown in figure the degree of drug loaded increase 
gradually until reach to 74% at about time 150 min 
and then begins leveled off (34). The leveling of and 
steady stat of loading may be occurred due to for the 
(LDPE-g- MAAc) films and (LDPE-g- AAc) films 
were loaded by diffusion method through the three- 
dimensional network structure of chain of polymer 
matrix resulting in the initial burst (33) which may 
causes partial decrease in loading ratio of more drug in 
both polymers and also Ciprofloxacin contain(COOH) 
group which may be produce electrostatic forces 
which make reparation force effect in COOH group in 
AAc and this may be not occurred in MAAc which let 
incorporation of ciprofloxacin is high and easy to 
contact by methyl group of methacrylic acid grafted 
on the LDPE film so due to drug release of (LDPE-g- 
MAAc) higher than(LDPE-g- AAc) films (39). 
The Effect of Time on the Release of Ciprofloxacin 
from (LDPE-G- AAc) and (LDPE-G- MAAc) As 
Function of Time: 
 

 
Figure (8): The dependency of drug release amount to 
time (min) of (LDPE-g- AAc) films were G% (140wt 
%) and (LDPE - g- MAAc) films were G% (508wt %) 
in pH7.  
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Figure (9) (a): Study the X- Ray Diffraction (XRD) for:- (a): LDPE blank.  

(b): LDPE with monomer (PAAc) degree of grafting (50wt %).  
(c): LDPE with monomer (PAAc) degree of grafting(82wt%). 

 
Figure (9): (b): Study the X- Ray Diffraction (XRD) for: - (a): LDPE blank.  

(d): LDPE with monomer (PMAAc) degree of grafting (112wt %). 
(e): LDPE with monomer (PMAAc) degree of grafting (277wt %). 

 
From figure (8) it was found that the drug 

released (CPFX) was investigated. The drug was 
constantly released from the (LDPE-g-MAAc) films 
with the degree of grafting (508wt%) at pH 7 and 
could reach 44 % also (LDPE-g-AAc) films with the 
degree of grafting (140wt%) at pH7 reached also 30 % 
at 250 min. However, the release content was 
comparatively high and then decreased slightly. The 
probable reason for the (CPFX) drug release from 
grafted films by diffusion through the three-

dimensional network structure of the(LDPE-g-
MAAc)and (LDPE-g-AAc) films, resulting in the 
initial burst (33,37) which may ceases a dissociation of 
drug molecules in the media. Also the % drug release 
of (LDPE –g- MAAc) that was showing higher drug 
release rate with respect to (LDPE –g- AAc). Due to 
poor linking with polymer matrix, drug easily comes 
out from grafted (LDPE -g- MAAc). But in case of 
(LDPE –g- AAc), drug is highly embedded in polymer 
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matrix due to crosslinking of polymer, results into 
slow release of drug from the polymer matrix (39). 
X- Ray Diffraction (XRD) Measurements: 

X- Ray Diffraction (XRD) is a fundamental 
technique in determining the crystal and amorphous of 
the grafted and un grafted film.XRD technique was 
performed to clarify the changes in morphological 
structure caused in polymeric substrates (36). Figure (9 
“A” ”B”) Show the XRD patterns for LDPE blank and 
their grafted films. LDPE graft copolymers prepared 
in different degree of grafting % there are mainly two 
crystalline peaks in the XRD patterns; one in the 
angular range (2θ of 18–22 4°) and another in the 
range 35 4–35 8°. This finding confirms the 
crystallinity of polyethylene, which corresponds to an 
orthorhombic unit cell. These peaks are well 
characterized in LDPE (5,46) There is The intensity of 
the crystalline peak of LDPE graft copolymers 
decreases with increasing degree of grafting and there 
is a noticeable broadening of the XRD peaks in the 
range 2θ = 35 4–35 8°for all the grafted films. 
These features are indicative of a reduction in the 

crystallinity of the LDPE with increasing degree of 
grafting (5). from Figure (9) Show the XRD pattern it 
was found that the crystallinity peak for the blank and 
all grafted films occurs at the same angle (2θ) =18–
22 4°, meaning that there is no change in the 
structure. However, the peak intensities of all grafted 
films are lower, and decrease with the increase in the 
degree of grafting. This means that the crystallinity 
decrease with the increase in the degree of grafting (47). 
But in case of (d) PAAc is known as amorphous 
polymer. Wide-angle XRD showed similar diffraction 
pattern with ranging in between 18 and 20_, which 
indicated that the membranes were predominantly 
amorphous. From figure it seen that. two sharp 
diffraction peaks at 16_ and 22_ ensured its 
amorphous nature(48).These results suggested that the 
inherent crystallinity of the backbone polymer was not 
employed by the graft copolymerization of AAc and 
that the grafting occurred only in the amorphous 
regions (5,49,50). 
FTIR Sepectroscopy (FTIR): 

 

 
Figure (10 “A”): FTIR spectrum of (a) LDPE blank, (b) LDPE - g – AAc (28%)and (c) LDPE – g – AAc (75% 

 
Figure (10 “ A,B”): In order to confirm the 

surface structure of the grafted films, they were 
examined by FTIR The starting LDPE film has strong 
bands at 2930cm-1 and 2950cm -1 due to CH2 
stretching, 1460 cm -1 due to CH2 bending and 720 
cm-1 and1470cm-1 due to CH rocking. After grafting, 

the730 cm-1 spectra shows characteristic bands of 
LDPE blank. This leads to the exist in the grafted 
layer and (LDPE-g-AAc) were determined, the 
infrared analysis was based on the identification of 
absorption bands related to vibrations of functional 
groups present in the grafted films and non-existent in 
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LDPE blank.In fig (b) (LDPE-g-AAc) degree of 
grafting 28wt% no appear change on peaks about 
LDPE blank but the intensity of peak at 2011cm-1 and 
2017cm-1 decreased and in fig (c) (LDPE-g-AAc) 
degree of grafting 75wt% these are the vibrations 
characteristics of the of the carbonyl group 1713 cm-1 
with a characteristic shoulder at 1650 cm-1 and appear 
the peak at 3230cm-1 it is indicated that the presence 
of –OH group stretch. The films studied belong to the 
region where degree of grafting increases. In this 
region, one observes a continuous increasing of the 
peaks characteristic with increasing grafting. These 
results again seem to confirm that, grafted branches 
grow with increasing degree of grafting (26). After 
grafting a new characterization peaks appears at 
1713cm-1 which prove the incorporation of new 

change specific for AAc after irradiation grafting(52).. 
Also in fig (d) it is clear that the FTIR spectra of 
LDPE under different conditions of MAAc is 
expected to result in the presence of group and hence, 
the peak corresponding to this group expected to 
appear at 1670 cm−1 in the FTIR spectrum.Spectrum a 
corresponding to LDPE has a very small peak at 1670 
cm−1. Irradiated LDPE and (LDPE-g-MAAc) grafted 
degree 36wt%.Also in fig (e) exhibit sharp peaks at 
1680 cm−1 indicating presence of carboxyl group. 
However, intensity of peak for (LDPE-g- MAAc) 
grafted degree 128wt%.is higher compared to that of 
irradiated LDPE(21). The observation that peak 
appearing at 1680 cm−1 in spectrum of (LDPE-g-
MAAc) is due to grafting of MAAc. 

 

 
Figure (10”B”): FTIR spectrum of (a) LDPE blank,(d) LDPE – g – MAAc (36wt%) and (e) LDPE – g – MAAc 
(128wt%). 

 
11.Scanning Electron Microscopy (SEM). 

The morphological or topological changes of the 
LDPE films produced by radiation-induced graft 
polymerization have been directly investigated as 
shown in figure (11). The use of scanning electron 
microscopic techniques for these purposes illustrate, 
the distribution of the grafted poly mathacrylic acid 
(PMAA) chains on the surface of the LDPE film. also, 
it is clear that the LDPE surfaces before grafting is 
smooth and after grafting the added grafted chains are 
accumulated on the surface and the features shown in 

the images should originate from the local chemical 
contrast. 

Compared to the surface of the control sample, 
there is an obvious increase in the toughens features 
on the grafted surface. It suggests an uneven 
distribution of graft chains on the LDPE film surface, 
which is in agreement with the previous research 
result that a degree of grafting causes an uneven 
distribution of graft chains on PE film surfaces (53). 
Usually PMAA is distributed on the LDPE surface as 
granular formations when the degree of grafting is 
low, and when the degree of grafting is close to 100 
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wt%, the growing PMAA grains join together, and a 
compact coating with few defects is formed, whoever, 
the increase of graft percent increases the toughens on 
the surfaces due to the increase of grafting till 377 

wt% on the film surface. The uneven distribution is 
favorable to clarifying the effects of radiation-induced 
grafting on the heterogeneous nucleation and growth 
of PMAA chains. 

 
Figure (11): Study Scanning Electron Microscopy (SEM):  

(a) LDPE blank. 
(b) LDPE –g- MAAc (degree of grafting 97wt %). 
(c) LDPE –g- MAAc (degree of grafting 226wt %). 
(d) LDPE –g- MAAc (degree of grafting 377wt %). 

 
12. Application Of Prepared Copolymergrafted 
film As Antimicrobial Active Polymer: 

The synthesized polymeric grafted film, (LDPE-
g- MAAc) and (LDPE-g- AAc) are tested for their 
antibacterial and antifungal activities. The synthesized 
polymeric grafted films were screened against selected 
microbial isolates, the yeasts, one Gm + ve bacteria 
and four Gm -ve bacteria. The results of the disk 
diffusion tests showed different degrees of growth 
inhibition. No antimicrobial activity against yeast 
strain under this study Candida albicans, 
Saccharomyces cerevisiae and rhodotorula glutinis is 
observed. The antimicrobial activity of the 
synthesized polymeric compounds, under study was 
evaluated based on the diameters of clear inhibition 

zone surrounding the polymeric substances. If there is 
no inhibition zone, it is assumed that there is no 
antimicrobial activity. As shown in Table (1). 

It is clear that the inhibition activity with 
Staphylococcus aureus is very high however in case of 
polyethylene grafted PAAc has no response at all, 
Also, in case of Escherichia coli there is a moderat 
inhibition, and in case of proteus sPP the inhibition 
occurred by large amount in grafted of AAc more than 
in case of PMAA, however in cases of Klebsiella 
pneumonia, Pseudomonas aeruginosa Salmonella 
typhi and Candida albicans has no response. This 
proves that the prepared grafting copolymers can be 
applied as antimicrobial active materials. 
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Table (1): Shows the inhibition zone by the agar disc diffusion method of synthesized polymeric grafted film on the 
selected microorganisms. 

Polymeric grafted film 
 

Name of Isolates 

(LDPE-g- MAAc) film 
the degree of grafting 

(380wt %) 

(LDPE-g- AAc) film 
the degree of grafting 

(72wt %) 
Staphylococcus aureus  

 
{+ +} 

 
 

{+++} 

Escherichia coli 

 
{++} 

 
{+++} 

Klebsiella pneumonia {-} {-} 
Pseudomonas aeruginosa {-} {-} 

Proteus spp 

 
{-} 

 
{+++} 

Salmonella typhi {-} {-} 
Candida albicans, {-} {-} 

 
Conclusion: 

The radiation induced graft copolymerization by 
the simultaneous method is a promising method that 
provides a suitable and economical technique to graft 
(AAc, MAAc) monomers onto LDPE. Radiation is 
useful to prepare and modify polymers, because 
firstly, it does not need any catalyst or initiator, so it is 
suitable to obtain products with high purity and 
secondly, for the high energy of radiation. The 
preparation of grafted films occur (in the presence of 
cupper sulphate as inhibitor) and environmental 
conditions play important role for grafting as 
monomer concentration, irradiation dose, inhibitor 
type and concentration of inhibitor. This study 
produced affinity grafted polymer film using the 
optimum the grafted percent occurred at 30wt% AAc 
and 50wt% MAAc however the reasonable grafted 
film obtained at also 30wt% MAAc. The maximum 
grafting occurred using cupper sulphate than other 
inhibitor and the optimum CuSo4 ratio was 0.06 also 
the maximum degree of grafting 10 kGy for MAAc 
and 20 kGy for AAc. Study of swelling percent shown 
maximum swelling at time after (24 h) by the ratio 

400% for AAc and 600% for MAAc.The effect of pH 
study prove that pH7 is specific pH which undergo the 
maximum ratio for swelling.The characterization of 
prepared grafted copolymer have been investigated 
XRD and it prove that the crystallinity peak for the 
blank and all grafted films occurs at the same angle 
(2θ) =18–22 4°and the peak intensities of all grafted 
films are lower and decrease with the increase in the 
degree of grafting and increase of AAc at two sharp 
diffraction peaks at 16_ and 22_ ensured its 
amorphous nature of AAc which prove that the 
inherent crystallinity of the backbone polymer was not 
employed by the graft copolymerization of AAc and 
that the grafting occurred only in the amorphous 
regions. 
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