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ABSTRACT 

Butyl methacrylate and Acrylamide (BMA/AAm) comonomer were grafted 
onto Low density polyethylene and polypropylene films using direct gamma 
radiation by grafting technique. The influences of grafting conditions such as 
solvent, monomer concentration, monomer composition, and irradiation dose on 
the grafting yield were determined. It was found that, using DMF as a solvent 
enhanced the copolymerization process. The grafting yield increases with 
comonomer concentration up to 60 %. . Also it was found that, the degree of 
grafting of (BMA/AAm) onto LDPE and PP films increases as the AAm content 
increases till optimum value at (50:50) %. The grafting yield of the comonomer 
found to be increased with increasing radiation dose. It was observed that the 
degree of grafting of polyethylene films is higher than that for polypropylene 
films. Some selected properties of the graft copolymers, such as water uptake 
and thermal properties determined by using thermogravimetric analysis (TGA) 
has been carried out. The morphology and structure of grafted films was 
investigated by using SEM, IR and X-ray diffraction. The improvement in such 
properties of the prepared copolymers was observed which makes possible uses 
in some practical applications such as in the removal of some heavy metals from 
wastewater. It was found that the maximum metal uptake by the copolymer is 
ordered in the sequence of Cu2+ › CO2+ › Ni2+ ions.  
Keywords, Radiation; Butyl methacrylate; Heavy metal uptake 

 
INTRODUCTION 

Pollution of the natural environment by heavy metals has become a 
serious problem in some industrialized countries [1–4].The release of large 
quantities of heavy metals from industries into the environment has resulted in a 



M. B. El-Arnaouty et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 209 

number of environmental problems [3]. Heavy metal such as Cupper, Nickel 
and cobalt from the anthropogenic sources, metal plating, mining operations and 
other industries are among the most common pollutants found in industrial 
effluents, and become an environmental problem of worldwide concern [5,6]. 
The main techniques, which have been utilized to reduce the heavy metal ion 
content of effluents, include chemical coagulation, adsorption, extraction, ion-
exchange, and membrane separation process [7]. 

     Radiation and Chemical modification of polyolefins is an important 
method [8-11], to expand the applications of polyolefins and generate value-
added materials with improved mechanical, thermal, and chemical properties. 

     The use of high energy radiation for synthesis of ion-exchange 
polymeric materials has been investigated by many authors [12-15]. Since 
different types of polymeric chains contain various functional groups, the latter 
can be introduced in the structure of trunk polymer by using gamma radiation 
induced template polymerization and graft copolymerization 

     In this study, radiation and characterization of Butyl methacrylate 
and Acrylamide (BMA/AAm) grafted onto Low density polyethylene (LDPE) 
and polypropylene (PP) films were investigated. The grafted copolymer was 
prepared by irradiation of binary monomer mixture (BMA/AAm), using gamma 
rays at ambient temperature. DMF is used as a solvent to provide the 
homogenous polymerization. The influence of comonomer concentration, 
comonomer composition and radiation dose were investigated, and the 
application of the grafted copolymers for used to the removal of heavy metals 
from contaminated wastewater is also evaluated. 

EXPERIMENTAL 

Materials 
*-Polypropylene (PP) of thickness 25 µm supplied by El-Nasr Company for 

medical supplies, Egypt. 

*-Low density polyethylene (LDPE) of thickness 25 µm supplied by 
techoback Co, Egypt.   

*-Butyl methacrylate of purity 99.9% (Merck, Germany). 

 *-Acrylamide of purity 98.9% (Merck, Germany). 

*-Heavy metals 

1-Copper (Cu2+): used as cupper sulfate pentahydrate CuSO4.5H2O (M wt. 
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249.6) blue supplied by dyes and chemical materials Co. Egypt. 

2-Nickel (Ni2+): used as nickel sulfate pentahydrate NiSO4.5H2O (M wt. 
237.7) green crystals supplied by Edwic (El-Nasser) Egypt. 

3-Cobalt (Co2+): used as cobalt sulfate pentahydrate CoSO4.5H2O (M wt. 
237.7) pink crystals supplied by Edwic (El-Nasser) Egypt. 

APPARATUS AND METHODS 

2.1. Gamma Radiation Sources 

The samples were irradiated at required dose using Cobalt-60 sources at 
dose rate ranged from 1.19 to 1.23 Gy/sec for polyolefins (LDPE and PP). The 
irradiation facility was constructed by National Center for Radiation Research 
and Technology, Cairo, Egypt. γ-Chamber 4000 A°, isotope group of BHAHA, 
Atomic research center. 

2.2. Graft Copolymerization: 

Strips of PP and LDPE films were washed with acetone, dried in 
vacuum oven at 40°C, weighed and the immersed in glass ampoules with the 
monomer solution. The direct radiation-induced grafting was used as a 
technique in which the glass ampoule that containing the monomer solution and 
films was deaerated by bubbling nitrogen gas for 5 min, and then subjected to 
gamma irradiation at a dose rate that ranged 1.19 Gy/sec. After irradiation, the 
grafted films were washed thoroughly with hot distilled water to extract the 
residual monomer and the homopolymer occluded in the film. The films were 
then dried in a vacuum oven at 40-50°C for 24 hr and weighed. The degree of 
grafting was determined by the percentage increases in weight as follows. 

Degree of Grafting (%) = 100
Wo

WoWg



 

Where Wo and Wg represents weight of initial and grafted films respectively. 

2.3.Water uptake Measurement 

The clean and dried grafted films of known weight were immersed in 
distilled water for 24 hr at 25°C. The film were removed and blotted by 
absorbent paper and quickly weighed. The water uptake percent was calculated 
as follows: 

Water Uptake (%) = X100
Wg

WgWs 
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where Wg, Ws is the weight of dried and wet polymer respectively. 

2.3.IR Spectroscopic Measurements: 

IR spectra were determined for the grafted films using a Furrier 
Transform Infra Red (FTIR), FTIR  was carried out using FT-IR 6300, Jasco, 
Japane in the range 400-4000 cm-1. 

2.5. Ultraviolet Spectroscopy (UV) 

Analysis by UV spectrophotometer was carried out using Jasco V560 
model UV- Vis spectrophotometer with a scan range of 190 – 900 nm. 

Determination of the metal ions concentration was Carried out by using 
Milton Rot Spectronic 1201 spectrophotometer in the range of max = (394, 518, 
810) nm for Ni2+, Co2+, Cu2+, respectively. 

The salts of NiSO4.5H2O, CuSO4.5H2O, CoSO4 .5H2O, were used at 10 
different concentrations starting from 1,000 mg/L until reach 100 mg/l for each 
salt individually to construct the calibration curve as follow. 

2.6.X-ray Diffraction (XRD) 

X-ray diffraction measurement were conducted for blanks and prepared 
polymers at room temperature, X-ray diffraction pattern was recorded in the 
range of diffraction angle 2θ on Philips Pw 1730, X-ray generator equipped 
with scintillation counter. The diffraction patterns were run with nickel filter 
(Cuka). λ= 1.45Å. The X-ray diffractograms were obtained using the following 
experimental condition: Filament current = 28 mA, voltage = 40 kv, scanning 
speed = 20 mm/min. 

From Scherer equation, the average particle size of the grafted LDPE 
and PP films was calculated [16]..  

D = Kλ/β1/2 Cosθ 

where D is the particle size, K = 0.89 is the Scherer constant related to the shape 
and index of the crystals, λ is the wave length of the X-ray (Cu ka, 1.54056Å, θ 
is the diffraction angle, and β is the fall width at half maximum (FWHM in 
radian) [16].  

2.7. Scanning Electron Microscopy: 

 A JEOL-JSM-5400 Scanning Electron Microscope – Japan was used 
for investigating the morphology of the original and polymers at high 
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magnification and resolution by means of energetic electron beam. 

2.8.Thermal Gravimetric Analysis  (TGA): 

A model (TGA-50 Shimadzu, Thermo Gravimetric analyzer made in 
Japan) was used for the measurements of TGA. In the present study nitrogen 
flow must be kept constant rate of about 20 ml/min to prevent oxidation of the 
polymer sample,  the heating rate 10°C/min up to 600°C- 

RESULTS AND DISCUSSION 

Preparation of Grafted Membranes 

A set of preliminary experiments was carried out for the objective of 
obtaining reasonable percentage grafting by changing the solvent type, 
comonomer concentration, comonomer composition, and irradiation dose. The 
presence of DMF as a solvent resulted in obtaining graft copolymer with 
reasonable graft yield and retard the homopolymerization process. 

It is observed that the LDPE films and PP films swell well in DMF and 
have a higher grafting yield than in other diluents used. The higher homogeneity 
of the grafting may be due to that the homopolymer of poly (BMA) is very 
soluble in organic solvents.   

It is noticed also that the effect of other solvents on the grafting yield, 
resulted in low degrees of grafting. This shows that the organic solvent (DMF) 
is the best solvent for the binary monomers (BMA/AAm). This may indicate 
that the diffusion of monomers onto the polymer matrix is enhanced in the 
presence of DMF as a solvent 

Effect of Comonomer Concentration and Composition 

The effect of comonomer concentration on the degree of grafting of 
(BMA/AAm) mixture onto LDPE and PP films at comonomer composition 
(50:50) were investigated and shown in Figure (1). It can be seen that, the 
degree of grafting increases with increasing the comonomer concentration up to 
60 (%). This is may be due to the increase the diffusion rate of the comonomer 
into the bulk polymer that favor propagation of growing chains and 
consequently, the grafting yield increase. 
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Table (1): Effect of solvents on the grafting precent of BMA/AAm (50: 50) onto 
LDPE and PP films at comonomer concentration 40 wt%, and 
irradiation dose 20 kGy, without inhibitor, with bubbling in N2 gas for 5 
min 

Grafting % Solvent Type 
LDPE film PP film 

Remarks 

DMF 392.9 337.3 Viscous Homopolymer 
Dioxane 247.46 239 High Homopolymer 

Acetone 141 127.87 Moderate Homopolymer  

H2O 162.5 153.5 High Homopolymer 

Ethanol 1301.09 1195.227 very difficult Homopolymer  in extraction  

Benzene 25.8 23.3 Viscous Homopolymer  

At comonomer concentration higher than 60 wt % a highly viscous 
homopolymer is formed and the extraction of the grafted films becomes 
difficult. Therefore, it is preferable that the grafting process to be carried out 
with a comonomer concentration up to 60 wt % in the solvent as diluents to 
avoid the high homopolymer formation at higher comonomer concentration. 
This may be due to the fact that at a high monomer concentrated greater than 60 
wt% the rate of free radical formed at the monomer greater than that of the rate 
of diffusion of the monomer through the polymer matrix. The trapped radicals 
recombination with themselves was fast which lead to the homopolymer formed 
and the monomer solution become viscous, the diffusivity of the monomer into 
the polymer matrix decrease and hence the degree of grafting decreases [17, 
18].  

Figure (2) shows the effect of comonomer composition (BMA /AAc) on 
the grafting yield onto LDPE and PP films. It was observed that, as the amount 
of AAm increases in the comonomer composition, the degree of grafting reach 
to a maximum value at (50/50) for both LDPE and PP films respectively while 
after this ratio the degree of grafting for both PE and PP was decreased. This is 
may be due to that the diffusivity of the (AAm) into the polymer matrix is faster 
than the (BMA). Also the grafting process of (BMA/AAm) comonomer may be 
enhanced in the presence of (AAm) due to its higher polarity strength than 
(BMA). These results suggested that in the comonomer composition, one of the 
binary monomers may enhance the grafting process of the other monomer or via 
versa [17]. Thus the presence of AAm groups with BMA enhances the graft 
copolymerization of the binary monomer. This may be due to the difference in 
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the diffusion coefficient of both monomers. In both grafted films (LDPE and 
PP) increases in weight, thickness and dimension occur. 

 
Figure (1): Effect of (BMA/AAm) comonomer concentration (wt%) on the grafting 
yield of LDPE and PP films , at comonomer composition (BMA/AAm) (50:50 wt%) 

and irradiation dose 20 kGy 

 
Figure (2): Effect of comonomer composition (BMA/AAm) on the grafting yield for 

(a) LDPE and (b) PP films at irradiation dose 20 kGy, and comonomer 
concentration (40 wt %) 

Effect of Irradiation Time 

The effect of irradiation time on the grafting yield was investigated and 
from the Figure (3), it was obvious that the grafting yield increases rapidly with 
increasing irradiation time for all comonomer concentration ranged from 10 to 
80 wt % for both polymers. Also as the comonomer concentration increased, the 
higher degree of grafting obtained. This is due to increase the number of free 
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radicals formed with increasing irradiation time which, increase the rate 
diffusion of comonomer into the polymer matrix thus the grafting yield 
increased. These results suggested that the grafting system greatly depend on 
the diffusivity of comonomer solution into polymer matrix.  

From figure (3) Its observed that above 30 kGy, the degree of grafting 
(%) decreased, this due to the increment of the free radicals numbers which lead 
to recombination of the free radical with each other and rapid formation of the 
homopolymer rather than the diffusion into the polymer matrix.     

 
Figure (3): Effect of irradiation time on the grafting (%) of (BMA/AAm) binary 
system of comonomer composition (50:50 wt %) on (a) LDPE and (b) PP films at 

different comonomer concentrations. 

It was observed that the degree of grafting of polyethylene films is 
higher than that for polypropylene films, this is due to chemical and amorphous 
structure of LDPE than PP, which has great influence on both diffusion of 
comonomer and also on the number and life time of formed free radicals upon 
irradiation. LDPE film posses more amorphous structure than PP film which is 
more crystalline one. Consequently, the efficiency of active sites to initiate graft 
copolymerization is higher in the amorphous region than in the crystalline one 
due to the high mobility of the free radicals formed [19]. 

Characterization and Properties of the Graft Copolymer 

Swelling behavior 

Figure (4) shows the water uptake percent as a function of degree of 
grafting for LDPE and PP films .It can be seen that, the water uptake increases 
with increasing grafting yield for both LDPE and PP grafted films.  It is 
reasonable to conclude that the swelling behavior of the grafted films is 
dependent mainly on the degree of grafting, i.e. on the amount of hydrophilic 
groups introduced in the graft copolymer [8, 20].  



M. B. El-Arnaouty et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 216 

 
Figure (4): Water uptake percent as a function of degree of grafting for grafted (a) 

LDPE and (b) PP at 24 hr 

On the other hand the crystalline-amorphous change in membranes is 
another important factor in influencing the water uptake. The water molecules 
can easily penetrate to amorphous region (lower crystallinity) therefore the 
water uptake (%) of  LDPE higher than PP films     

FTIR Spectroscopy 

Figures (5 and 6) show the infrared spectroscopic analysis for the 
original and grafted LDPE and PP films respectively. In the figure (5) the 
characteristic bands of LDPE appeared around 2800 cm-1, 1469 cm-1, 730 cm-1. 
The absorption at 2800 cm-1 and 1469 cm-1 are assigned to CH2 group stretching 
and bending of normal alkane, respectively. The last strong peak at 730 cm-1 is 
assigned to -CH2 rocking. The characteristic bands of PP film is similar to that 
obtained in case of LDPE with addition to the absorption at 2915 cm-1 and 1373 
cm-1 which is assigned to –CH3 stretching and bending respectively 

For LDPE and PP grafted films by (BMA/AAm) the characteristic 
peaks appeared around 3200-3417cm-1 which are characteristic for the structure 
of (AAm) indicating the presence of (NH2) group. The intensity of this peak 
increases as the degree of grafting increases. Also, the degree of grafting can be 
followed from the intensity of the peak at 1660 cm-1, which indicate the 
presence carbonyl group (C=O) of (BMA and AAm) monomers.  
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Figure (5): FTIR spectra for original (a) LDPE, and (b) 265 grafting (%) 

 
Figure (6): FTIR spectra for (a) original PP, (b) 149 % grafting 

Scanning Electron Microscopy (SEM) 

Scanning electron microscopy analyses were performed for the grafted 
and original LDPE and PP films which represented in Figures (7, 8). It was 
observed that the surface of the original (ungrafted) LDPE and PP films is 
smooth and there are no pores with large diameter. In case of grafted LDPE and 
PP filmsthe surface is not smooth and many pores, globules and wrinkles are 
observed and the structure totally different from the smooth surface of the 
original ones. This change are probably due to the structural rearrangement of 
chains taking place of the function groups [21]. Such wrinkles observed 
increase with the grafting percent, which confirm the structure change 
(topography) by the grafting process. 
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Figure (7): Effect of the degree of grafting on the structural morphology of (a) 

blank LDPE film, (b) LDPE-g-p(BMA/AAm) at G%= 32, (c) LDPE-g-
p(BMA/AAm) at G%= 265 

 
Figure (8): Effect of the degree of grafting on the structural morphology of (a) 

blank PP film, (b) PP-g-p(BMA/AAm) at G%= 23, (c) PP-g-p(BMA/AAm) at G%= 
149 

X-ray Diffraction Measurement 

Figures (9, 10) respectively show the X-ray diffractogram of the 
original and grafted LDPE and PP films at different degrees of grafting. It was 
noted that the grafting process for LDPE as shown in figure (9a) brought about 
a drop in the degree of ordering of the polymeric material. These findings were 
evidenced from the observed drop in the relative intensity of the main 
diffraction line and to its broadening, also it lead to an effective in particles size 
on the polymeric materials, where according of table (2) the particles size of the 
LDPE grafted films increase as the degree of grafting increase, it can be noted 
from Table (2). This clearly indicates that the grafting of acrylamide and butyl 
methacrylate onto LDPE film resulted in disordering of the graft chains and 
consequently, the crystallinity content decreases in grafted film [22].  

While according to Figure (10) for grafted PP films, it was evident that 
the diffraction curves of the grafted (PP) film, recorded in the peak, it was noted 
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that as the grafting percent increase the relative intensity of the main diffraction 
line increase also it lead to an effective in particles size on the polymeric 
materials where the particles size of the grafted film decrease as the degree of 
the grafting increase. This clearly indicate according to Scherer equation that 
the degree of ordering increase as the degree of grafting and the crystallinity 
content increase.  This data may be due to the highly amorphous structure of 
(LDPE) if compared with that highly crystalline (PP) structure [8]. From the full 
width at half maximum (FWHM), the particle size for the grafted LDPE and PP 
films can be calculated according to Scherer formula, it can be represented in 
Table (2). 

 
Figure (9): XRD for LDPE-g-P(BMA/AAm) film with comonomer composition 

(50:50) wt % at comonomer concentration  10% where, (a) blank, (b) 32.2 grafting 
%  and (c) 265 grafting %, at dose 5 and 2.5 kGy respectively. 

 
Figure (10): XRD for PP-g-P(BMA/AAm) film with  comonomer composition 

(50:50) wt % at  comonomer concentration  10% where, (a) blank, (b) 23.3 
grafting % and (c) 149 grafting % at dose 5 and 2.5 kGy respectively. 
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Table (2): Summarized the average particle size of the grafted LDPE and PP films 

Polymer Grafted 
Polymer 2θ θ FWHM Particle Size 

(D) 
Blank 21.7566 10.878 0.85835 93 nm 
32.2% 19.6858 9.8429 0.63500 125.8 nm LDPE 
265% 15.758 7.879 0.61900 128.1 nm 
Blank 19.13 9.565 0.7286 109.3 nm 
23.3% 19.57 9.786 0.7544 105.6 nm PP 
149% 19.07 9.535 0.8730 91.2 nm 

Thermal Gravimetric Analysis (TGA) 

Thermal gravimetric analysis for the original and the grafted LDPE and 
PP films with various degrees of grafting are presented in Figures (11, 12) 
respectively, where the rate of thermal decomposition (dw/dt) was also plotted 
as a function of decomposition temperature. The original LDPE and PP films 
showed stable thermal stability up to a temperature of ≈ 280°C for LDPE and 
250°C for PP as shown in Figures (11, 12) respectively.  

Analysis of TGA data of the blanks LDPE and PP films have one main 
degradation step occur between 200 - 600° C for the blank LDPE film (Figure, 
26) with a maximum rate of thermal decomposition at 450° C and one main 
degradation step for the blank PP film (Figure, 29) occur between 180- 420° C 
with maximum rate of thermal decomposition at 285°C [23]. 

The thermogravemetric analysis of the grafted LDPE and PP films with 
various degree of grafting are reveal that there are three distinct steps of weight 
loss. The three main degradation steps are observed for LDPE-g-(BMA/AAm) 
films (Figure 27, 28). The first step for G=32% grafted polymers, the weight 
loss in the range of 60–120 0C and for the G=265% the range from 60 – 160, it 
may be attributed to the elimination of adsorbed moisture via dehydration [24]. 
The second step occur between 120–280°C for G=32% and occur between 160–
260°C for G=265% which corresponds to the loss of ammonia also due to 
decarboxylation and carbonization processes (side chain) [25]. , the third step 
was reached to 580 with maximum weight loss at 440°C for G=32% and the 
third step for G=265% was reached to 550°C with maximium weight loss at 
420°C, the third step for grafted LDPE films may be attributed to the main 
chain scission process and the complete depolymerization occurs (backbone 
degradation). Also, the three main degradation steps are observed for PP-g-
(BMA/AAm) films also. The first step of weight loss at about 100°C for the 
G%= 23% and weight loss in the range of 100-120 for the G%= 149%, it may 
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be attributed to the elimination of adsorbed moisture via dehydration. The 
second step for both grafted polymers in Figures (30, 31) occur between 100- 
180 and 120–270°C for G= 23% and 149% respectively, which corresponds to 
the loss of ammonia also due to decarboxylation and carbonization processes 
(side chain). The third step was reached to 550°C for grafted PP films of 
G=23% and 560°C for G= 149% with a maximum weight loss rate at 310°C and 
380°C for the G%= 23 and G%= 149 respectively, which is attributed to the 
main chain scission process and the complete depolymerization occurs 
(backbone degradation). 

From the quantitative comparison of the grafted LDPE and grafted PP it 
is observed that, the weight loss increases with the increasing grafting percent 
for LDPE. Such increment in weight loss may be due to tacticity and sequence 
distribution of the comonomer BMA/AAm in the graft copolymer, which 
decrease the thermal behavior beside the nature of the comonomer. Moreover 
the thermal stability of the grafted PP film increases by grafting percent 
increase. 

Due to extensive degradation of the polymer backbone chain leaving a 
residue. The residue from the grafted LDPE and PP left behind the final 
decomposition temperature (FDT), observed that, the left residue increase with 
increasing grafting degree due to the increase in crosslinking formation with 
degree of grafting. 

It is also observed that the final decomposition temperature (FDT) 
values for PP increases with increasing the grafting percent, which refer to 
increase of thermal stability upon grafting. 

 
Figure (11): The TGA curve of  (a) blank LDPE , (b) grafted LDPE-g-(BMA/AAm) 

(G = 32%) and (c) grafted LDPE-g-(BMA/AAm) (G = 265 %) 
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Figure (12): The TGA curve of  (a) blank PP , (b) grafted PP-g-(BMA/AAm) (G = 

23%) and (c) grafted PP -g-(BMA/AAm) (G = 149%) 

Swelling kinetics and diffusion mechanism 

Absorption of water from the environment into the grafted membranes 
system, changes the dimensions and physicochemical properties of the system. 
The diffusion of water into the grafted membranes was classified into three 
different types based on the relative rates of diffusion and polymer relaxation 
(Singh et al., 2007). These classifications of the diffusion of water into the 
grafted membranes are: 

(i) Case I or Fickian diffusion 
Case I or Fickian diffusion occurs when the rate of diffusion is much less 

than that of relaxation. When the grafted membranes swell in the water, 
the swollen film follows Fick’s law. Thus, the rate of swelling by Case I 
systems is dependent on t 1/2 and the diffusion constant n=0.5.  

(ii) Case II diffusion 
   Case II diffusion (relaxation-controlled transport) occurs when diffusion is 

very rapid compared with the relaxation process. In Case II systems, 
diffusion of water through the grafted membranes is rapid compared with 
the relaxation of polymer chains. Thus, the rate of water penetration is 
controlled by the polymer relaxation (n=1).  

(iii) Non-Fickian or anomalous diffusion 
   Non-Fickian or anomalous diffusion occurs when the diffusion and 

relaxation rates are comparable. Swelling depends on two simultaneous 
rate processes, water migration into the grafted membranes and the 
relaxation of polymer chains (1>n>0.5). 
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The swelling/diffusion kinetic parameters, as diffusion coefficients (D), 
swelling rate constant, diffusion constant (n) and maximum equilibrium 
swelling ratio were calculated by using the dynamic swelling ratio values for the 
grafted membranes prepared by the following equations 18 and 19: 

F = (M t / M  ) = K tn                                 
In the above equation, F are fraction of swelling due to the water 

uptake, M t are the adsorbed water at time t and M  are the adsorbed water at 
equilibrium, K is the swelling constant, and n is the swelling exponent. 

This equation was applied to the initial stages of swellings, and plots of 
(ln F) versus (ln t) are shown in Figures (13 & 15), n and. K were calculated 
from the slop and intercept of the line, respectively, it is represented in Table (3) 
as a function of the different degree of grafting. 

 
Figure (13): Representation of fractional swelling ln (f) of grafted LDPE with time at 

different degree of graft (0, 56.7, and 235) 

 
Figure (14): Representation of fractional swelling F of grafted LDPE with time at 

different degree of graft (0, 56.7, and 235) 
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Figure (15): Representation of fractional swelling ln (f) of grafted PP with time at 

different degree of graft (0, 48.2, and 237.2) 

 
Figure (16): Representation of fractional swelling F of grafted PP with time at 

different degree of graft (0, 48.2, and 237.2) 

Fick`s first and second lows of diffusion adequately describe the most 
diffusion processes. For the grafted polymer, the integral diffusion is given in 
the following  equation. 

F = Mt /M∞ = 4 (D t / Л L2)0.5                            
Where, D is the diffusion coefficient and L is the thickness of the 

sample. In equation (19) the slope of linear plot between (Mt /M∞) and t1/2 yield 
diffusion coefficient D.  

Table (3) shows the D values for various degree of grafting for LDPE 
and PP films. The values present in the table were analyzed for the predication 
of water – transport mechanisms. From the swelling/diffusion kinetic data 
results of the prepared grafted polymer, we strongly believe that these will 
depend on the degree of grafting networks.  

Also from Table (3) Diffusion constant values of these grafted 
membranes indicate that the water penetration is by Fickian transport 
mechanism because diffusion constant (n) values fallen between 0.1 and 0.5 
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Table (3): The equilibrium and the diffusion parameters for the different grafted 
LDPE and PP films 

Eq 
swelling k n D G% 

2.095 -0.9 0. 23 0.30 blank 
77.09 -1.35 0.19 0.31 56.7 

95 -0.6 0.21 0.17 236 

LDPE 

1.183 -1.25 0. 25 0.41 blank 
70.7 -2.38 0. 34 0.72 48.2 
74.1 -1.32 0. 35 0.38 237.2 

PP 

Application of the grafted copolymers 

The affinity of the grafted membranes to recover Co (II), Cu (II) and Ni 
(II) from their aqueous solutions was studied 

Adsorption Capacity 

The grafting of various vinyl monomers into the polymers by graft 
copolymerization will directly affect the adsorption capacity of different metals 
ions by the new improved membranes this is due the existence of the new 
functions groups which make a significant change in the membrane surface. 
This increase in adsorption of the reactive grafted membranes can be attributed 
to the existence of multifunctional groups such as carbonyl and amide groups, 
from the butylmethacrylate and acrylamide monomers respectively which are 
grafted onto the original membranes [26]. 

From the data in table (4,5) we found that, the adsorption capacity of 
the grafted LDPE membranes is higher than those absorbed by the grafted PP 
membranes, it may be due to the different morphological structure between 
them and the steric effect of these copolymer complexes [27] at the same 
monomer composition and grafting (%) also from the data in table (4, 5) it 
shows that the both grafted membranes have higher initial adsorption rate for 
the Cu (II) ion than   CO (II), and Ni (II) ions respectively. 

Table (4): Adsorption capacity of LDPE-g-BMA/AAm at G%=236 

Q 
Mg/g 

(Ci-Cf) 
Uptake 

 

(Cf) 
Remaining 

concentration 
absorbance Metal ion 

714.3 380 620 0.075 Co 

977.4 520 480 0.088 Cu 

451 240 760 0.062 Ni 
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Table (5): Adsorption capacity of PP-g-BMA/AAm at G%=237.2 

Q 
Mg/g 

(Ci-Cf) 
Uptake 

 

(Cf) 
Remaining 

concentration 
absorbance Metal ion 

425 340 660 0.080 Co 
606 485 515 0.095 Cu 
144 115 885 0.072 Ni 

On the other hand, the high uptake is reasonably explained by 
considering the diffusion coefficient of these metals through the porous 
membrane which is mainly dependent on their polarity, the electronic 
configuration, ionic radii, atomic size etc., and also importantly on the nature of 
interaction with the functional groups of the membrane [8]. 

CONCLUSION 

The optimum grafting yield was obtained at (50/50 wt %) comonomer 
composition (BMA/AAm) for both LDPE and PP films. Also the higher 
grafting yield and the highest homogeneity in the grafted films were obtained by 
using DMF as a solvent compared to other solvents.  

It may be concluded that the prepared grafted films by direct radiation 
have a good thermal stability, and hydrophilic properties, which made them 
suitable for some practical applications such as the removal of heavy metal from 
waste water, where it was observed that the highest adsorption capacity was 
ordered in the sequence Cu2+> Co 2+> Ni2+   respectively. 

The adsorption capacity of the grafted LDPE membranes shows higher 
adsorption capacity than those absorbed by the grafted PP membranes, it may 
be due to the different morphological , chemical structure and the steric effect of 
these copolymer complexes.  
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