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In this study, polycarbonate (PC) surfaces were treated with ultraviolet (UV) light 
irradiation at different treatment times (0 to 48 h) and at two UV wavelengths, i.e., at 365 
nm (UVA) and at 254 nm (UVC). Morphological and surface properties were 
characterized by field emission scanning electron microscopy (FESEM), X-ray 
photoelectron spectroscopy (XPS), and contact angle (CA) measurements. To check the 
shear strength of the treated polycarbonates, single-lap shear test was carried out. Both 
UVA and UVC treatment produced rougher PC surface compared to untreated PC, 
however, UVA did not affect much the wettability of PC. But for UVC treatment, the CA 
of PC decreased with increasing treatment time to a maximum reduction of 23% after 48 h. 
The shear strength of UVC-treated PC increased by 63% than that of untreated PC, which 
is attributed to the formation of functional groups at the surface making it hydrophilic and 
the rougher surface topography that gives more surface area for adhesion.    
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1. Introduction 
 
 Polycarbonate (PC) is a well-known, commercially available material used in various 

applications such as in automotive parts, data storages, corrective lenses, construction materials 
and biomaterials due to their many advantages including being light weight, its flexibility and non-
toxicity [1-5]. However, its application in industry is restricted due to poor wetting property of the 
hydrophobic polycarbonate surface bacuse of low surface energy [6] causing adhesion problems 
between the polymer substrates and functional coatings [6, 7]. PC is chemically inert and, 
therefore, requires surface treatment to enhance their adhesion characteristics to other materials 
without changing its bulk properties. The surface modification techniques to improve the 
wettability of polymer surfaces include chemical treatment [8], ion beam irradiation [7, 9], laser 
[10], photochemical reaction [11], and plasma treatments [5, 12-14]. Zajickova et al. [13] reported 
a significantly improved thin film adherence of polycarbonate when it was pre-treated with plasma 
especially at low powers and short treatment times.  

 In this paper, we report the effect of ultraviolet (UV) light surface modification on the 
wettability and adhesion of polycarbonate surface at varying UV wavelengths and treatment times. 
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dropped onto the PC surface. X-ray photoelectron spectroscopy (XPS) was used to analyze the 
surface chemistry of the untreated and UV-treated polycarbonate surface. The XPS data were 
obtained using a K-Alpha (Thermo Fisher Scientific, US) using a Al Ka (hv = 1486.6eV) X-ray 
radiation source. The X-ray source power was 300 W (12kV × 2.5 mA), with a spot diameter of 
400 um. The analyzer pass energy was 200 eV. Base pressure during analysis was about 5 × 10-7 
torr. The spectra obtained were referred to the C1s peak (286.4 eV) of carbon. Atomic 
concentrations were calculated using an Advantage system. The surface structure and morphology 
of the present samples were studied by field emission scanning electron microscopy (FE-SEM, S-
7400, Hitachi, Japan).  

 Single lap shear tests were conducted in a universal testing machine (Unitech-M, R&B) 
according to ASTM D3164 - 03. The single lap shear test specimens (Fig. 2) were composed of 
two PC boards and DP460 epoxy adhesive as shown in Fig. 2. The test speed was maintained at 1 
mm/min. At least 3 specimens for each sample were tested and the average values are reported in 
this paper.   

 
Fig. 2. Design and dimensions of the specimen for single-lap shear test. 

 

 
Fig. 3. Variation of the water and glycerol contact angle values of the untreated and  

(a) UVA-treated (365 nm) and (b) UVB-treated (254 nm) PC surfaces at different treatment times. 
 
 

3. Results and discussion 
 
Fig. 3 shows the water and glycerol contact angle (WCA and GCA, respectively) values of 

the UV-treatment polycarbonates as a function of UV wavelength and treatment time. The PC 
control WCA and GCA values were found to be 95.3o and 77.5o, respectively indicating poor 
wettability of the PC surface. The UVA-treatment showed very little effect on the WCA and GCA 
of PC even after 48 h of treatment time (Fig. 3a). However, we can see that there was a noticeable 
decrease in both WCA and GCA of PC after treating with UVC (Fig. 3b). After 48 h of UVC 
treatment, the WCA and GCA decreased by 23.6% and 22.6%, respectively from the control 
condition. The present results showed the clear effect of shorter wavelength, which carried higher 
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photon energy, to the improvement of wettability of polycarbonate. To help explain the changes in 
CA of the present samples, we obtained XPS spectra of the different samples. Table 1 gives the 
oxygen to carbon (O/C) atomic ratio of the PC polymers based from the XPS spectra with different 
treatment conditions. From Table 1, we can see that the O/C ratio of PC showed a large increase 
from 15.89 to 24.59 in UVC treatment condition with respect to the untreated condition, but not 
very big change in O/C ratio was noticed after UVA treatment. This indicates that more oxygen 
was present at the PC surface after UVC treatment, thus enabling a more hydrophilic surface. 
Maattanen et al. [19] also reported enhanced wettability of pigment-coated papers when they were 
treated with UVC irradiation.   

 
Table 1. O/C ratio on polycarbonate surface for the untreated case and UV-treated cases  

at 365 nm (UVA) and 254 nm (UVC) at different treatment times. 
 

UV treatment condition Treatment time 
Untreated 12 h 24 h 48 h 

365 nm (UVA)  O/C ratio 15.89 18.95 18.26 17.12 
254 nm (UVC)  O/C ratio 15.89 15.47 23.44 24.59 

 
 We further checked the surface properties by high magnification XPS and the results are 

shown in Fig. 4 and Table 2. The untreated and UV-treated PCs showed three species of C1s 
spectrum corresponding to C-C and C-H groups (285.0 eV), C-O-H groups (286.5 eV) and the 
very low intensity π→π* interaction (shake up) (291.0 eV) [20]. However, the UVC-treatment 
showed an increase in C-O-H species (286.5 eV), created additional oxidized carbon-oxygen 
moieties (C=O at 287.6 eV, O-C=O at 288.8 eV) and caused a decrease in the π→π* interaction 
peak (291.0 eV). The creation of C=O and O-C=O groups, which have hydrophilic property, is 
attributed to the breaking down of C-C and C-H groups due to the effect of UVC irradiation at 
high photon energy and oxygen in air [21]. Yaghoubi and Taghavinia [22] also reported the 
formation of functional groups on the surface of polycarbonate after treatment with atmospheric 
plasma and increased surface roughness, making the PC surface more hydrophilic.  
 
 

Table 2. Percentage of species on polycarbonate surface for the untreated case and UV-treated cases at  
365 nm (UVA) and 254 nm (UVC) based from XPS results at different treatment times. 

 

Treatment condition 

Species Untreated 365 nm (UVA) 254 nm (UVC) 

0 h 12 h 24 h 48 h 12 h 24 h 48 h 

C-H, C-C (285.0° eV), % 75.61 73.3 74.43 70.82 75.01 58.26 57.1 

C-O-H (286.5° eV), % 15.77 18.29 17.27 20.43 16.2 25.14 19.58 

C=O (287.6° eV), % - - - - - 8.6 8.84 

O-C=O (289.0° eV), % - - - - - - 7.05 

π-π* (291.0° eV), % 8.62 8.41 8.30 8.75 8.79 8.0 7.43 
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increase in hydrophilicity and better wettability behavior of UVC-treated PC surface compared to 
both untreated and UVA-treated surface are attributed to the higher O/C ratio and the formation of 
C=O (287.6° eV) and O-C=O (289.0° eV) groups at the PC surface after UVC treatment. 
Morphological characterization also showed rougher surface for UVC treatment compared to both 
untreated and UVA-treated PC surface. The improved hydrophilicity and higher roughness of the 
UVC-treated PC resulted to a 63% increase in shear strength compared to the untreated PC. Thus, 
in this study, we found that UVC treatment could enhance the wettability and adhesion of PCs.   

 
 
Acknowledgements 
 
This research was supported by a grant from the Mid-Career Research Program of the 

National Research Foundation (NRF) of Korea (Project no. NRF-2013R1A2A2A04015484) and 
also by a grant from the Basic Science Research Program of NRF funded by the Ministry of 
Education, Science and Technology (MEST) (Project no. 1201000217). We also would like to 
thank KBSI-Jeonju (Korea) for the XPS measurements. 

 
References 
 

 [1] M. Schaepkens, T.W. Kim, A.G. Erlat, M. Yan, K.W. Flanagan, C.M. Heller, P.A.  
    McConnelee, J Vac Sci Technol A 22, 1716 (2004). 
 [2] N. Gomathi, C. Eswaraiah, S. Neogi, J. Appl. Polym. Sci. 114, 1557 (2009). 
 [3] M.C. Kim, T. Masuoka, Appl. Surf. Sci. 255, 4684 (2009). 
 [4] H. Kim, S.J. Jung, Y.H. Han, H.Y. Lee, J.N. Kim, D.S. Jang, J.J. Lee, Thin Solid Films  
    516, 3530 (2008). 
 [5] S.M. Kang, S.G. Yoon, D.H. Yoon, Thin Solid Films 516, 1405 (2008). 
 [6] H. Yaghoubi, N. Taghavinia, E.K. Alamdari, Surf Coat Tech 204, 1562 (2010). 
 [7] J.S. Cho, Y. Han, J.J. Cuomo, Solid State Sci 10, 941 (2008). 
 [8] C.H. Li, K. Jordens, G.L. Wilkes, Wear 242, 152 (2000). 
 [9] J.H. Lee, J.S. Cho, S.K. Koh, D. Kim, Thin Solid Films 449, 147 (2004). 
[10] W. Pfleging, M. Bruns, A. Welle, S. Wilson, Appl. Surf. Sci. 253, 9177 (2007). 
[11] V. Smokal, O. Krupka, M. Wilczek, M. Kostrzewa, A. Kolendo, Dig J Nanomater Bios  
    3, 41 (2008). 
[12] J.N. Lai, B. Sunderland, J.M. Xue, S. Yan, W.J. Zhao, M. Folkard, B.D. Michael, Y.G. Wang,  
    Appl. Surf. Sci. 252, 3375 (2006). 
[13] L. Zajickova, V. Bursikova, V. Perina, A. Mackova, D. Subedi, J. Janca, Surf Coat Tech  
    142, 449 (2001). 
[14] D. Kim, S. Lee, W. Hwang, Curr Appl Phys 12, 219 (2012). 
[15] D.T.K. Kwok, L.P. Tong, C.Y. Yeung, C.G. dos Remedios, P.K. Chu, Surf Coat Tech  
    204, 2892 (2010). 
[16] W. Chen, J.Y. Zhang, Q. Fang, K.L. Hu, I.W. Boyd, Thin Solid Films 453, 3 (2004). 
[17] Z. Geretovszky, B. Hopp, I. Bertoti, I.W. Boyd, Appl. Surf. Sci. 186, 85 (2002). 
[18] B. Hopp, Z. Geretovszky, I. Bertoti, I.W. Boyd, Appl. Surf. Sci. 186, 80 (2002). 
[19] A. Maattanen, P. Ihalainen, R. Bollstrom, S.X. Wang, M. Toivakka, J. Peltonen, Ind Eng  
    Chem Res 49, 11351 (2010). 
[20] J. Abenojar, R. Torregrosa-Coque, M.A. Martinez, J.M. Martin-Martinez, Surf Coat Tech  
    203, 2173 (2009). 
[21] J.M. Kim, J.K. Kim, D.G. Lee, J. Adhes. Sci. Technol. 17, 1523 (2003). 
[22] H. Yaghoubi, N. Taghavinia, Appl. Surf. Sci. 257, 9836 (2011). 
 
 


