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Abstract: The membranes based on poly(vinyl alcohol) grafted with acryl 
amide have been synthesized by free radical polymerization. The membranes 
thus formed were characterized by Fourier transform infrared spectroscopy 
(FTIR) to study the chemical interactions. Membranes were prepared in two 
different thicknesses (40 and 60 μm) and used for measuring the oxygen 
permeability under varying feed pressures (maintaining the preferred gas 
pressure differential throughout the membrane) in the range from 1 to 40 kg/cm2 
pressure. Oxygen permeability of the membranes ranged from 0.0091 to 1.6165 
Barrer for 40 μm and 0.0305 to 0.1409 Barrer for 60 μm thick membranes by 
increasing the feed pressures on the feed side. Except at 40 kg/cm2 pressure, the 
observed oxygen permeability values are almost close to total permeability. 
Membranes of this study could be useful as oxygen barriers for applications in 
fruits and vegetable packaging industries. 
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Introduction 

Membrane-based gas separation (GS) has evolved as an important 

unit operation in chemical industries, competing successfully with several 

other conventional-type separation techniques, such as cryogenic 
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distillation, pressure-swing adsorption, and simple absorption.1,2 The last 

decade has witnessed an exponential increase in the development of novel 

polymeric membranes as effective, economic, and flexible tools in gas-

separation problems. Commercial exploitation of polymeric membranes for 

air separation, recovery of hydrogen from nitrogen, carbon monoxide, and 

methane mixtures, and removal of carbon dioxide from natural gas have 

been widely reported.3,4 In such applications, high fluxes and excellent 

selectivities have relied mostly on glassy polymeric membranes that base 

separations on differences in gas sizes. However, this technology has 

focused on utilizing materials near the ambient temperature. The 

development of novel polymers offering important combinations of high 

selectivity, high permeability, good mechanical stability, and processability 

at ambient temperatures and pressures has been quite slow.5 In general, the 

flexible polymer films have favorable properties like low cost, good barrier 

properties against moisture and gases, heat sealable to prevent leakage of 

contents, possess both wet and dry strengths, easy to handle, and add little 

weight to the final product. Thus, they fit closely to the shape of the food, 

thereby wasting little space during storage and distribution. In food 

packaging applications, oxygen barrier properties of the polymers are 

important, since many food materials require the specific atmospheric 

conditions to sustain their freshness and quality during the storage. Hence, 

food materials are increasingly being packed in a protective atmosphere 

with a specific mixture of gases, thereby ensuring optimum quality and 

safety of the product. However, to ensure a constant gas composition inside 

the packaging film, the polymer should have certain specific oxygen barrier 

properties.6 
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Transparent and flexible gas barrier films are key components in food 

packaging. In most cases, food processors are mainly served by low 

density PE (LDPE) and linear low-density PE (LLDPE).7 The main 

problem of polyethylene is its high oxygen permeability. Having a 

barrier capacity is crucial for plastics films used in the food packaging 

which favors the preservation of nutritional and organoleptic product 

qualities. For this purpose, it is necessary to prevent food product losses 

(aroma, CO2 loss, and loss modified atmosphere) as well as the 

penetration of external gas (oxygen and steam) through plastics.8-10 

Different technologies are developed so as to supply chemical element 

barrier to clear films, as PE films, used for packaging applications. The 

main technologies area unit the following: (1) Coating with high barrier 

materials, generally inorganic oxide layers (e.g., SiOx or Al2O3), these 

films show optical transparency and very low gas transmission rates at 

low thickness (< 100 nm) [9, 10] but they tend to form imperfections 

during deposition, they present low substrate adhesion and when they are 

flexed are prone to crack.11 (2) Multilayer films area unit shaped from 

monolayers; the one that is within may be a skinny layer of a barrier 

material (e.g.EVOH, polyamide or aluminium) and the outer layers of 

structural polymers (e.g. PE, PP or PET). In spite of their efficacy, a high 

adherence between the materials is necessary. In addition, another 

problem is their recyclability due the use of different types of polymers 

and adhesives in the same film.12 Current trends regarding plastic 

packaging are focused on developing thinner structures with high barrier 

properties, diminishing raw material. (3) A new alternative to common 

technologies is the use of clay nanocomposites that improve plastics 

properties, increasing not only the barrier and mechanical properties, but 
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also heat resistance.13 Getting a complete exfoliation of nanoclays 

(nanoclay layers are completely separated, with high surface area) is 

necessary in order to obtain proper results using nanocomposites. 

Moreover, a high affinity between compound Associate in Nursingd clay 

sheets and also the exfoliation area unit required for an adequate 

dispersion of clays into the polymer,14-15 achieving these properties. 

Plastic films as a packaging material have several advantages over the 

conventional food packaging. The material is very less proven to 

contamination and pilferage. By using plastic as packaging material the 

shelf life of the food product becomes longer. The materials will gives the 

very attractive texture and is leveraged for the nice branding purposes. The 

plastic films are very light weight in nature and very easy to print on its 

surface. Additionally the films are very good barrier properties and are 

recyclable and reusable. The different packaging materials available in the 

market are high Density Polyethylene, Low Density Polyethylene, 

Polypropylene, Polyethylene terephthalate (PET or PETE), Polycarbonate, 

Polyethylene naphthalate, Polystyrene etc.16 

However, since the contact of food stuff with polymeric films may 

alter the performance. It is very important parameter to study the barrier 

characteristics of the packaging materials under realistic conditions. For 

instance, the absorption of ambient vapor or gases materials may causes and 

plasticization of plastic, resulting in mechanical strength17 and also there are 

chances of contaminations like oxygen may cause ripening or rotten of the 

food materials. The aim of the present investigation is to lighten the more 

information of the permeability behavior of the polymer films that are used 

as packaging materials for food industry. 
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Materials and Methods 

Chemicals 

PVA (MW 125,000) and Acryl amide were purchased from s.d. Fine 

Chemicals, Mumbai, India. Benzyol peroxide (BPO) was purchased from E. 

Merk (India), Mumbai, India. All other chemicals were of reagent grade 

samples and were used without further purification. Double distilled water 

was used throughout the research. 

Synthesis of graft copolymer  

The synthesis of grafting reaction to obtain copolymer was done in 

aqueous media.  The two different polymeric membranes with same 

concentration and same synthesis conditions but different membrane 

thickness were prepared. The ratio of PVA/Acryl amide and benzyol 

peroxide as initiator was used. PVA was dissolved in water at 80 °C, the 6 

wt. % slurry was obtained then known quantity of acryl amide and initiator 

(0.4 wt. % to comonomer) were introduced under constant stirring in the 

reaction vessel. Further, the temperature was raised and maintained at 90 °C 

for 5 Hrs. The obtained products were precipitated in acetone, filtered and 

vacuum dried at 70 °C. The two different membranes with thickness i.e. 40 

and 60 μm were prepared. 

Permeability Measurements 

Single gas permeabilities for O2 were evaluated using a gas 

permeameter. The Permeameter consists of a stainless steel permeation cell 

which separates upstream (feed side) and downstream (permeate side). A 

pressure transducer is connected to the downstream side to measure the 

pressure change with time in the permeate side. This cell exposes a 
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membrane area of 13.302 cm2 to the gas. The membrane separation follows 

the solution diffusion modem and it involves sorption at the top side of the 

membrane and diffusion across the barrier and finally desorption at another 

side of the membrane.  The schematic diagram and its mechanism are 

shown in figure 1.  

The constant-volume variable pressure method was used to measure 

the permeation of the pure gas. The pressure increase with time was plotted 

from the raw data. The gas permeability is calculated based on the following 

equation:  
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Where: 

- P is the permeability of the gas through the membrane (barrer),  
(1 Barrer = 10-10 cm3 (STP) cm cm-2 s-1 cmHg-1). 

- V is the permeate volume (cm3). 
- l is the thickness of the membrane layer (cm). 
- A is the effective area of the membrane (cm2). 
The ideal selectivity αA/B of gas pairs, A and B, was calculated. It is 
defined as the ratio of their permeably: 

  

Figure 1. Schematics of the gas separation unit: (1) And (2) Gas Cylinders (3) 
Pressure Gauge (4) Membrane gas permeate unit (5) Pressure transmitters (6) Gas 

Chromatography (7) Vacuu pump and (8) Output unit. 
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Membrane characterization 

Fourier transform infrared spectroscopy (FTIR) spectra of the plain 

PVA and PVA-g-AAm membranes were taken in the range between 4000 

and 400 cm-1 to confirm the formation of grafting reaction of PVA with 

acrylamide using Nicolet-740, PerkinElmer-283B FTIR spectrometer 

(Milawankee, WI). Membrane samples were grounded well with KBr and 

pellets were formed by pressing under the hydraulic pressure of  

400–450 kg/cm2. FTIR spectral curves are displayed in Figure 2. 

Results and Discussion 

FTIR Studies 

IR spectra of PVA-grafted with acrylamide, unmodified PVA and 

acrylamide, are presented.  In the spectrum of PVA, the broad peak at about 

3420 cm−1 is assigned to –OH and C–OH stretching. The peak at 2925 

cm−1 is attributed to asymmetric –CH2– group stretching vibration. The 

peak at 1417 cm−1 is due to –OH bending vibration of the hydroxyl group. 

The peaks at 1090 and 810 cm−1 are ascribed to C–O stretching and C–C 

stretching vibration, respectively. For poly(acrylic acid-co-acrylamide), the 

peak at 3436 cm−1 is attributed to the -NH stretching vibration of the 

acrylamide unit, which overlapped with the -OH groups of acrylate units. 

The  specific  absorption  bands  at  1650  cm-1 corresponding  to  νC=O  

group  (amide  band  1)  and 1600 cm-1 represents the νNH group (amide 

band 2) are found in the synthesized copolymer as well. This peak revels 

that PVA grafing reaction with Acrylamide took place. The graph was 

plotted in figure 2.   
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Figure 2. IR spectra of grafted copolymer PVA/acrylamide and PVA. 

Gas Permeability Studies 

The prepared membranes were assessed for the oxygen gas 

permeability measurement. Pure gas permeability was measured for O2 

with the prepared PVA-g-AAm membranes (40 and 60 μm thickness). 

The permeability values for the tested gases are tabulated in Table 1. 

Table 1. Effect of Feed Pressure on Oxygen Permeability at 25°C. 

Pressure Applied 
(kg/cm2) 

Permeability K (Barrer) 
PVA-g-AAm-40 PVA-g-AAm-60 

1 0.0072 N/A 
5 0.0098 N/A 
10 0.014 N/A 
20 0.0341 0.0307 
30 0.0444 0.0411 
40 0.153 0.176 

N/A= data not available. 

1 Barrer = 10–10 cm3 (STP) cm cm-2 s-1 cmHg-1 
PVA-g-AAm-40 and PVA-g-AAm-60 are membranes of thickness of 40 
and 60 μm respectively. 
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Membrane performance 

Membranes were assessed for oxygen permeability by varying the feed 

pressures (maintaining the desired pressure differential across the 

membrane) and thickness of the membranes. The permeability (K) values 

are given in Table I. In case of PVA-g-AAm-40 membrane, the pressure 

was increased from 1 to 40 kg/cm2. At 1 kg/cm2 pressure, the permeability 

was 0.0072 Barrer, which has increased to 0.0098, 0.014, 0.0341, 0.0444 

and 0.153 respectively at 1, 5, 10, 20, 30 and 40 kg/cm2 pressures. Whereas 

the PVA-g-AAm-60 membrane shown zero permeability from the pressure 

1 to 10 kg/cm2 and 0.0307, 0.0411, 0.176 for the corresponding pressure i.e. 

20, 30 and 40 kg/cm2. Even at high pressures the prepared membranes have 

shown a very poor permeability towards oxygen. Hence we may conclude 

that these are the better candidates for the packaging of Fruits and 

vegetables since oxygen is the one of the component which will spoils the 

shelf life of the same. 

 

Figure 2: Illustration of the food packed in the flexible polymeric film. 

The schematic packed food by polymer film was illustrated in the 

figure 2. As the COVID-19 outbreak has spread and its humanitarian 

collision has increased, industries that help provide for essential needs, such 

as getting food and required supplies safely to consumers, are increasingly 
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affected. With food packaging being the packaging industry’s largest area of 

activity, is greatly affected. It is necessary to develop the antiviral food 

packaging materials. 

Conclusions 

The effort to study the oxygen barrier property was shown very 

efficiently by preparing the grafted copolymers. The PVA-g-AAm 

membranes clearly demonstrated the oxygen barrier properties. There is a 

wide range of high barrier films available, each offering unique benefits for 

various types of food products. The highly flexible poly vinyl alcohol 

(PVOH) barrier film and the same was grafted with acrylamide, for 

instance, is ideal for fruits and vegetable packaging. These membranes can 

be used as a substrate or as independent packaging material. 
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