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ABSTRACT 

Polypropylene (PP) surface are functionalized by ultraviolet irradiation using vapors of acrylic acid without 

altering its bulk properties. The study was carried out to understand influence of irradiation time of UV assisted 

radiation using vapors of acrylic acid. The surface modified PP surface was characterized by water contact angle 

measurements, FTIR-ATR and XPS studies.  
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1. INTRODUCTION 

 Surfaces and surface properties play a significant role in many application, due to their interactions with 

their environment. Surface of materials play an important role in several technologies such as adhesion, biomaterials, 

protective coatings, friction and wear, composites, microelectronics devices and thin-film technology. In general, 

special surface properties such as chemical composition, hydrophobicity, super hydrophobicity, hydrophilicity, 

roughness, and cross linking density are required to meet the requirements of the applications. These properties can 

be introduced on the surface of the material by surface modification techniques. With the development of technology, 

plenty of surface characterization techniques are available. Depending upon the requirement and application of 

treated surface, specific surface characterization techniques play an important role to determine the suitability of the 

treated surface. Each surface technique will provide different and complementary information. But the complete 

information of the treated surface will be derived on analyzing the data obtained from the different surface 

techniques. 

 Various surface modification techniques are available and the most widely used are corona discharge, 

plasma, plasma polymerization, graft co-polymerization, chemical modification, electro-deposition and ultraviolet 

(UV)/ ozone treatment. The disadvantage of corona discharge, plasma, plasma polymerization requires an expensive 

setup like vacuum system and it is difficult to control the concentration of a particular functionality formed on a 

polymer surface. In contrast, the use of UV radiation for modifying the surface is an easily applicable and economical 

method when compared to techniques involving radiation and discharges. UV irradiation of polymers surfaces leads 

to a series of reactions, such as photo-crosslinking, photo-oxidation in air or photochemical reaction in reactive 

atmosphere. Light intensity is one of the crucial factors in UV-driven technologies and has to be carefully chosen 

depending upon the application. Low-pressure mercury lamps generally have low intensity, a few mW/cm2, while 

medium-pressure and high-pressure mercury lamps have much higher light intensity with their output ranging from 

deep UV to visible red-light region.  

2. MATERIALS AND METHODS 

Surface functionalization of polypropylene using UV radiation: 

Materials: Polypropylene (PP) grains were obtained from Polychem India. Acrylic acid (AA) was obtained from 

Sigma Aldrich, India and used as received.  

Preparation of films: PP was washed ultrasonically in xylene and in acetone for 15 min each and then air dried. PP 

polymer solution of concentration ~10-5 molL-1 was prepared by dissolving the PP grains in xylene at 125°C under 

continuous stirring. PP films of thickness ~100-200nm were prepared using spin-casting at ~ 1500-2000 rpm by 

carefully dropping 0.1 mL of prepared solution onto 10mm x 10mm stainless steel plates. The PP film of thickness 

~100-200nm is desirable to overcome charging problems during irradiation with synchrotron radiation and surface 

analysis using X-ray photoelectron spectroscopy. 

Photolysis of PP films using UV radiation in the presence of acrylic acid: UV photolysis experiments were 

performed with UV irradiation using 250 W commercial mercury vapor lamp. The outer borosilicate glass bulb 

coated with phosphor was removed and the small fused quartz arc tube is completely exposed. This is done because 

the phosphor coated outer borosilicate glass bulb will absorb the UV radiation. The UV beam from fused quartz arc 

tube is collimated using a quartz lens to produce a region of homogeneous illumination in the sample of dimension 

10 mm x 10 mm. PP samples are placed inside the photochemical reactor for photolysis. The photochemical reactor 

was having a quartz glass window of 25 mm diameter with a gas inlet and outlet for the reactive gases to pass through 

the reactor. The UV photons pass through the quartz window will excite the reactive gases inside the photochemical 

reactor and fall on the PP sample. Vapour of acrylic acid (AA) was fed from the glass bubbler containing AA at 50°C 

through inlet port of the reactor. The reactor was purged with AA vapours before irradiation to avoid any 

contamination. The irradiation was carried out for different time and then the surface changes on the PP films were 

characterized.  
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Characterization of surface modification: 

Water contact angle measurements: Static water contact angle (WCA) was measured at ambient temperature using 

micro-volume droplet of deionized water by placing the drop on the substrate using a micro syringe. All the 

measurements were repeated at least three times and each at different position. The images were captured using 

digital video camera and contact angle measurements were carried out using ImageJ software.  

Fourier Transformed Infrared Spectroscopy Attenuated Total Reflectance mode): Fourier Transformed 

Infrared Spectroscopy in Attenuated Total Reflectance mode, FTIR-ATR, (Alpha-P model, Bruker) spectra of the 

casted films were obtained with spectral resolution of 4 cm-1.  

X-ray photoelectron spectroscopy: X-ray Photoelectron Spectroscopy, XPS, (Omicron GmbH, Germany) 

experiments were carried out using Al Kα X-ray radiation (photon energy of 1486.8 eV) as excitation source. Survey 

spectra were recorded with pass energy of 50 eV, whereas selected atomic signals were acquired with pass energy 

of 10 eV.  

3. RESULTS AND DISCUSSION 

UV-assisted surface modification of PP using AA vapor: WCA measurements of PP films treated with UV 

radiation in the presence of AA vapor for the time intervals of 15, 30, 60, 90 and 120 minutes were summarized in 

Table 1. The decreases in the WCA were observed with the increase in the irradiation time. The WCA of untreated 

PP is ~99-110° (Figure 1(a)) and after irradiation for 120 minutes reached 47° (Figure.1b). The surface modification 

of PP by UV irradiation using AA vapor converted a hydrophobic surface to hydrophilic.  

 
Figure.1. Image of water droplet on untreated (a) and treated  

(b) PP film by UV radiation in the presence of AA vapour 

FTIR in ATR mode is a surface characterization technique to know the top layer chemical information of 

the film. The FTIR-ATR spectra obtained on the surface of PP by UV-treatment with AA vapor was shown in the 

Figure.2. The carbonyl and hydroxyl groups on the top surface of the PP films are by the sharp band at 1710 cm-1 

and broad band between 3700-2800 cm-1. In Figure.2, the broad band between 3700-2800 cm-1 is attributed to the 

hydroxyl, OH (dimer-polymer) stretching vibrations and the sharp band at 1710 cm-1 corresponds to the carbonyl, 

C=O stretching vibrations. The carbonyl and hydroxyl on the treated PP surface decrease the WCA and increases the 

hydrophilicity on the surface of PP. The increase in the irradiation time increases the carbonyl and hydroxyl groups 

and it is shown in Figure.2.  

Table.1. WCAs of PP films treated by UV radiation in presence of AA vapor for different irradiation time. 

Photolysis time (minutes) WCA (degree) 

15 86±2 

30 80±2 

60 65±2 

90 56±2 

120 47±2 

 

 
Figure.2. FTIR-ATR spectra of untreated and treated PP films for different irradiation time 

XPS survey spectra (Figure.3) show the signal of O1s appearing in the AA treated PP film. High-resolution 

C1s spectra (Figure.4) on the surface of the PP film. The C1s spectra of the treated surface has three components 

centered at binding energies 285, 287 and 298.2 eV corresponding to C-C, C=O and O-C=O groups. The increase in 
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the oxygen concentration is mainly due to the carbonyl and hydroxyl group of the acrylic acid. The C1s XPS spectra 

of the AA treated PP film look similar to the C1s XPS spectra of the polyacrylic acid. The process of polymerization 

of AA and formation of polyacrylic acid film on the surface of PP film by UV treatment in presence of AA vapor 

was confirmed by the XPS spectra. 

 
Figure.3. XPS survey of untreated and treated PP film 

The effect of ageing on the changes imparted by the UV treatment in presence of AA was analyzed by WCA 

measurements on treated PP films after 90 days of treatment. The WCA values are summarized in the Table.2. The 

WCA remained unchanged even after 90 days of treatment. The surface modification produced by UV assisted 

treatment in the presence of AA vapor on PP films is permanent within the experimental deviation and it does not 

vary in 90 days’ time period.  

 
Figure.4. XPS C1s spectra of untreated and treated PP film by UV assisted treatment in the presence of 

AA vapors 

Table.1. WCA of PP films after 90 days of treatment with UV irradiation in presence of AA vapor 

WCA of freshly treated 

polymer (degree) 

WCA of treated polymers after 

90 days of ageing (degree) 

86±2 85±2 

80±2 82±2 

65±2 64±2 

56±2 54±2 

47±2 49±2 

4. CONCLUSION 

 Polypropylene (PP) surface are modified using UV radiation in the presence of acrylic acid without altering 

its bulk properties. UV assisted radiation in presence of acrylic acid has introduced carbonyl and hydroxyl groups 

on the surface of the PP film which is confirmed by FTIR-ATR and XPS studies. The surface treatment carried out 

using acrylic acid vapours in the presence of UV radiation increases with increase in time. The treatment was also 

permanent and there is no change in the water contact angle measurements for up to 90 days. 
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