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ABSTRACT 
The non-crosslinked and crosslinked poly(vinyl alcohol) (PVA) films were prepared 

by the cast method then irradiated with gamma rays for various doses up to 300 kGy. The 
structure and characterization of PVA were determined by using Infrared spectroscopy 
(FTIR), ultraviolet spectroscopy (UV). Swelling behaviour was also investigated. 
Mechanical properties have been examined with respect to the absorbed dose. The color of 
the films changed to yellowish-white after irradiation. Additional changes were observed 
using FTIR analysis on the degradation products demonstrated that the radiolysis of PVA 
was initiated by liberation of H and OH groups leading to scission of the main chains and 
formation of carbonyl and double bond groups. Thermogravimetric analysis (TGA) was 
performed. 
Key words: Poly (vinyl alcohol); swelling and mechanical properties; crystallinity;     absorbed 

dose 

Introduction 
     Poly(vinyl alcohol) (PVA) is one of the important polymers and is available in the form of 
powders, fibers and films. It is a well-known water-soluble polymer, which is widely used as 
warp sizing and paper coating agents, adhesives, and films. Recently, PVA has been the subject 
of intensive research because it has many applications in industry and it is of relatively low cost 
in manufacture (1-8).  
     There are a large number of reports on PVA with different additives in order to modify and 
improve its properties (5-7). Inorganic additives, such as transition metal salts, have considerable 
effect on the optical and electrical properties of PVA (8). Ionizing radiation has a significant effect 
on polymer properties, and certain physical properties in particular may be modified dramatically 
(1,2,9-11). Stability is of great importance to relate the chemical structure to the physical properties 
of polymers.  

     It is well known that the exposure of polymers to gamma rays induces structural       defects 
(12,13). The radiation induces the degradation of the initial structure by scission and emission of 
atoms, molecules and molecular fragments (14,15). 

     It generates a number of charged species, ions, free radicals and induces either scission or 
cross-linking or both. This leads to changes in density, solubility, molecular weight as well as 
optical and electrical properties. The magnitude and nature of changes depend on the composition 
of the polymer and energy of ionizing radiation. In addition to gamma radiation, ion beams and 
electron beams are also used for irradiating polymers (16).  

     Interest in such studies has gained significance in recent years in view of potential applications 
in integrated electronics, phosphors and surface modifications. 

     Until now, no systematic studies on spectroscopic behavior of non-crosslinked and crosslinked 
PVA films with crosslinker after gamma irradiation were investigated. Therefore, the purpose of 
the current investigation was to study the behavior of non-crosslinked and crosslinked PVA films 
after gamma irradiation and determine the suitability of such materials for using in different 
practical applications. 



 
Experimental 

Materials  
      Poly(vinyl alcohol) powder was supplied by Gain lend – Chemical Co., Factory Road-Sandy 
Craft Hintshire, UK. 

Preparation of Poly(vinyl alcohol) Film 
     Poly(vinyl alcohol) (6 g) was dissolved in 100 ml bidistilled water and heated until complete 
dissolution at 90 oC for 15 min then casted on a glass plate with dimension 25 X 25 cm and left to 
dry for 3 days. In case of crosslinked PVA the crosslinker methylenebisacrylamide was added in 
concentration of 2 %. The thickness of the films was controlled by the volume of polymer 
solution. The average thickness was 30 µm. 

Irradiation of Poly(vinyl alcohol) Film 
   The prepared poly(vinyl alcohol) sheets were cut down into small films with dimensions of 5 X 
5 cm and subjected to 60Co-γ-rays with dose ranged from  0 - 300 kGy at dose rate of  1.19 Gy/s. 
Fourier Transform Infrared (FTIR) 
     The functional groups of both original and irradiated films were studied by using Mattson 
1000 FTIR spectrophotometer product of Unicam Ltd., England. The spectra were recorded from 
4000 to 400 cm–1. 

Ultraviolet Spectrophotometer (UV-VIS) 
     Analysis by UV spectrophotometer was carried out using Milton Ray spectronic 1201 (USA) 
in the range from 190 to 600 Å. 

Swelling Measurement 
     The water uptake of the known weight of the original and irradiated non-crosslinked and 
crosslinked PVA films was measured by immersing the samples in distilled water for 24 h. After 
whipping with filter paper, the samples were weighed as quickly as possible. The water uptake 
percent was calculated from the equation:  

Water Uptake (%) = X100
Wo

WoWs −
 

Where Wo and Ws are the weights of dry and wet non-crosslinked and crosslinked PVA films, 
respectively. 

Thermal Analysis 

     Shimadzu TGA system of type TGA-50, was used with TGA flow rate of pure nitrogen gas is 
50 ml/min and heating rate was 10οC/min, from the ambient temperature up to 600 οC. 

Mechanical properties 

     Mechanical tests, including tensile strength (Tb) and elongation at break (Eb), were performed 
at room temperature using H 10 KS- Qmat 3.92 machine (Hounsfield, UK). The dumbel shaped 
PVA samples of 50 mm long with a neck of 28 and 4 mm wide were used.  The crosshead speed 
was 50 mm/min, the load range was 5000 N and extension range was 1500 mm.  



RESULTS AND DISCUSSION 

Effect of Radiation 

    The irradiation of PVA has been investigated due to its high hydrophilicity, stability 
and biocompatibility. The physical properties of PVA have been examined by using the 
method of FTIR, UV, TGA, Swelling behaviour and mechanical properties. 

Infrared Spectroscopic Analysis 
     The infrared spectroscopic analysis was performed for the non-crosslinked and crosslinked PVA 
films as shown in Figures 1 and 2. For the both blanks of non-crosslinked and crosslinked PVA 
films shown in Figures 1A and 2A have characteristic broad band ranged from 3200 to 3500 cm–1 
which correspond to hydroxyl group. Stretching peak appeared at 2900 cm–1 corresponds to CH2 
group and peak at 1430 cm–1 to CH2 bending. In both FTIR spectra absorption peak at 1141 cm–1 

correspond to C=C and C-C band at 850 cm–1. Small absorption peak appeared around 1705 cm–1 
which correspond to carbonyl group formed in thermal processing during preparation of the films 
and/ or storage. 
 

     Figures 1 and 2 (B-D) shows the FTIR spectra of the irradiated non-crosslinked and 
crosslinked PVA films respectively. It is noted that as the absorbed dose increases up to 60 kGy 
and 120 kGy for the irradiated non-crosslinked and crosslinked PVA films respectively the 
intensity of carbonyl  (-C=O) and vinyl (C=C) groups increases due to scission of the side chains. 
Also overlapping occurred between the broad band of aliphatic (CH) of aldehyde group (HC=O) 
and the band of hydroxyl group ranged from 2900 to 3500 cm–1. While increasing the irradiation 
dose above 60 kGy and 120 kGy for non-crosslinked and crosslinked PVA films the intensity of 
the peak of carbonyl group decreased and the overlapping also decreased. This is may be due to 
rupture of the backbone of the trunk polymer. 

 

     The results of FTIR are consistent with the previous studies (17-19) in which it was observed that 
the irradiated PVA undergo structure arrangement and simultaneously rupture of the main chain 
to form carbonyl (C=O) and vinyl (C=C) groups as the following mechanism  (scheme 1.): 



 
 

 

 

Scheme 1. Structure rearrangement and simultaneously rupture of the main chain of PVA Films 

 Fig. (1)  FTIR spectroscopy of non-crosslinked PVA (A) blank, (B) 60 kGy 

irradiation, (C) 120 kGy irradiation, (D) 300 kGy irradiation. 

 
 
 



Fig. (2)  FTIR spectroscopy of crosslinked PVA (A) blank, (B) 60 kGy irradiation,        
(C) 120 kGy irradiation, (D) 300 kGy irradiation. 

UV-VIS Spectroscopy 

     Figures 3 and 4 show the variation in the relative absorbance with wavelength (nm) 
for PVA control non-crosslinked and crosslinked films. After irradiation with gamma 
rays up to 300 kGy. The spectra were recorded in the region of 190 – 600 nm directly for 
the free standing films. The control film of non-crosslinked and crosslinked PVA is 
transparent, colorless and shows no absorption peak in the visible and UV regions.  

     Figures 3 and 4 (B-D) of the irradiated PVA films (non-crosslinked and crosslinked ) 
show one bands at 210 nm and another broad band at 280 nm. The absorption coefficients 
of these bands increased when the dose of irradiation was increased. The films are seen to 
become yellowish-white gradually after gamma irradiation due to formation of some 
chromophores. This may be occur due to the scission of hydrogen and hydroxyl groups 
and the formation of a carbonyl and double bond groups (19) to form interpenetrating 
crosslinked structure. In the radiolysis of PVA in the presence of oxygen reacts with the 

polymer radicals. The ROO. radical can abstract a hydrogen atom from polymer chain 
and converts a hydroperoxide. The hydroperoxide decomposes with simultaneous rupture 
of main chain of PVA by the following mechanism (scheme 2.) suggested by Gongxu et 
al. , 1993 (18):  



Scheme 2. The hydroperoxide decomposes with simultaneous rupture of the main chain of 
PVA Films. 

This mechanism is in agreement with the proposed mechanism depicted by Bhat et al., 
2005 (17) 

Swelling behavior 
      Table (2) shows the water uptake percent as a function of absorbed dose for original 
and irradiated PVA films (non-crosslinked and crosslinked). It can be seen that, the 
original non-crosslinked and crosslinked PVA films have the better hydrophilic character 
than irradiated films. This can be attributed to hydrophilic character of the free hydroxyl 
group of the PVA. It is observed that the swelling behavior of original crosslinked PVA 
is higher than that of non-crosslinked one due to void formation by the crosslinker. 
 
 
 
 
 
 
 
 
 
 

Table (2): Water uptake percent of original and irradiated PVA films as a 
function of irradiation dose 

Absorbed Dose (kGy) Water uptake (%) of non-
crosslinked PVA 

Water uptake (%) of 
crosslinked PVA 

0 327 336.6 

60 135.8 231.7 

90 96.4 215.1 

120 208.7 94.2 

300 135 162.5 

 



 

 

Fig. (3) UV spectrophotometer of non-crosslinked PVA (A) blank, (B) 60 kGy 
irradiation,         (C) 120 kGy irradiation, (D) 300 kGy irradiation. 

 
 
 
 
 
 
 



 
 
Fig. (4) UV spectrophotometer of crosslinked PVA (A) blank, (B) 120 kGy irradiation,      

(C) 150 kGy irradiation and (D) 300 kGy irradiation.  

     In case of irradiated non-crosslinked and crosslinked PVA films its observed that as 
the irradiation dose increases the swelling behaviour decrease which indicates the 
presence of transfers in chains from the amorphous to crystalline region under the 
influence of chain scission that increases the chain mobility upon irradiation up to 120 
kGy (21) which is confirmed by the data obtained by the X-ray diffraction. As the dose 
further increases, more changes in the crystalline structure occur as a result of growing of 
degradation and crosslinking effects (22).  

Mechanical properties  

     Because of the importance of physical properties in practical applications, the 
mechanical properties such as tensile strength (Tb) and elongation at break (Eb) were 
measured for the trunk, non-crosslinked and crosslinked PVA films.  

     Figure 5 shows the change in Tb and Eb for both non-crosslinked and crosslinked PVA 
films as a function of absorbed dose. It can be seen from Figure 5, the Tb for crosslinked 
PVA films significantly improved as the absorbed dose increases more than non-
crosslinked one. At small doses, one observes less deformation due to crosslinking, 
which tends to increase the amorphous state. However, deterioration in Eb for crosslinked 
PVA films occurred under irradiation. In another words, the gamma irradiation at doses 
up to 120 kGy for both non-crosslinked and crosslinked PVA changes the sample from 
soft and tough to hard and ductile state (23) due to the increase of crosslinking at low doses 
thus elongation decreases and tensile strength increases.  



     At higher dose (300 kGy), the sample is becoming soft and weak therefore, the Eb 
increases and Tb decreases. As a matter of fact, the improvement of the tensile strength Tb 
is generally on the expense of the elongation Eb of material. Results may indicate that 
irradiated crosslinked PVA films show better mechanical properties than the pure ones 
(non-crosslinked PVA). This may make them acceptable for handling in practical 
applications. 

Fig. (5) Change of Elongation percent (Eb) and Tensile strength (Tb) with the 
irradiation dose for PVA and crosslinked PVA 

 
Thermogravimetric Analysis (TGA) 
     The weight loss percent of the original and irradiated PVA films (non-crosslinked and 
crosslinked) at different doses are shown in Figure 6(a-f). For all PVA films show stable 
thermal properties and no significant change up to a temperature of 70 oC followed by 
another two distinct weight loss. The first step of weight loss in the range of 70 - 200 o C. 

      It may be attributed to the elimination of adsorbed moisture beyond which a deep 
decreasing in weight is observed and complete depolymerization of occur above 520 °C.   

     From figure  (5) we noted that the original and irradiated crosslinked PVA film is 
thermally more stable than the non-crosslinked one. It can be concluded that as the 
dose increases up to 120 kGy the thermal stability increases while at high dose (300 
kGy) the thermal stability decreases. This is due to the chains transfer from the 
amorphous to crystalline region at lower dose therefore, thermal stability increased 
then decreased due to degradation occurred as indicated from the data obtained by 
swelling behaviour and mechanical investigation. 



  
Fig. (6): TGA of PVA films, (a) Non-crosslinked PVA, (b) Crosslinked PVA, 

(c) 120 kGy irradiated Non-crosslinked PVA, (d) 120 kGy irradiated 
crosslinked PVA (e) 300 kGy irradiated Non-crosslinked PVA and 
(f) 300 kGy irradiated crosslinked PVA. 

 

CONCLUSIONS 
     On the basis of these results it appears that gamma irradiation of PVA films leads to 
partial scission of the main chain and removal of –OH groups and formation of carbonyl 
and double bond groups. This makes segmental motion easy and realignment of chains 
takes place. The FTIR, UV, XRD and mechanical properties indicated that the addition of 
crosslinker led to higher degrees of interaction between the crosslinker and the 
macromolecules of polymeric chains and acts as a stabilizing agent against gamma 
irradiation. 
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