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Abstract−− Polymeric surfaces obtained by chem-

ical vapor deposition of HMDSO on aluminum 
plates using plasma were modified by means of low 
pressure Argon plasma and vacuum ultraviolet radi-
ation (VUV). The polymeric surface was directly ex-
posed to the plasma -which also acted as a vacuum 
ultraviolet radiation source- at different conditions. 
An important contribution of the VUV radiation 
component in surface modification was observed. 
The surface free-energy, the chemical composition, 
and the morphology of the films were determined by 
contact angle measurement, FTIR spectroscopy, and 
SEM. It was observed that the action of VUV radia-
tion inside de Argon plasma was responsible for 
more than 45% of the increase of surface free-
energy, and that the influence of VUV radiation on 
surface free-energy varied significantly as conse-
quence of different exposure times. 
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I. INTRODUCTION 
Due to their chemical nature, polymeric materials fre-
quently exhibit poor adhesive properties (Miller et al., 
2000; Shenton and Stevens, 2001; Werthermeir et al., 
1999). However, adhesive properties are a critical factor 
in industrial applications where these materials require 
high physical bonding either with other polymers or 
with metals. The control of adhesive properties of po-
lymeric surfaces is importance in industries such as au-
tomotive, aeronautical, microelectronics, and packaging.  

The improvement of adhesion properties of poly-
meric surfaces is frequently achieved by means of pre-
treatments that eliminate weak boundary layers and 
modify the chemical composition of surfaces. In many 
cases, these treatments utilize mechanical (e.g. sand-
blasting) or high pollutant wet-chemical processes 
(Deshmukh and Bhat, 2003; Yi et al., 2003). The quali-
ty of the surfaces resulting from these methods is in 
many cases difficult to control. 

Several studies describing the use of plasma to acti-
vate the surface of different materials as a pre-treatment 
to improve adhesion have been reported (Terlingen, 
2004; Awaja et al., 2009). However, it is not well 
known the effect of the VUV radiation component 
present in Argon plasma. 

Plasma treatment process is a clean and efficient al-
ternative to replace traditional pretreatment processes of 
materials (D´Agostino, 1993; Bertrand et al., 1998, Han 

et al., 2007). It uses few reagents and eliminates the ne-
cessity of water, hence reducing pollution significantly. 
It, additionally, is versatile, allowing a variety of 
processes, such as surface cleaning, deposition of thin 
polymer films, and surface functionalization, in single 
equipment. 

Siloxanes are common industrial adhesion promoters 
(Salamone, 1996; Petrie, 2000). Hexamethyldisiloxane 
(HMDSO) promotes anti-corrosive behavior in a ma-
terial when a HMDSO film is deposited on the surface 
of metals by means of plasma (Vautrin et al., 2000; Fer-
nandes et al., 2002). This siloxane presents additional 
advantages for industrial applications: low toxicity, easy 
manipulation, and commercial availability. Neverthe-
less, HMDSO presents a hydrophobic surface that inter-
feres the adhesion process. 

This paper’s aim is to describe a process to modify 
HMDSO surfaces and to increase HMDSO’s surface 
free-energy, as a way to promote HMDSO adhesion 
properties. The process consisted on the deposition of 
HMDSO films on aluminum plates cleaned by plasma, 
followed by the modification of its superficial and 
chemical properties using plasma and VUV radiation.  

II. EXPERIMENTAL 
The surfaces of aluminum plates were cleaned with Ar-
gon plasma. The HMDSO film was deposited in a 
second step, followed by the activation of HMDSO film 
surface by low pressure Argon plasma and ultraviolet 
(VUV) radiation. The surface properties were characte-
rized before and after the activation process by contact 
angle, Fourier Transform Infrared Spectroscopy (FTIR), 
and Scanning Electron Microscopy (SEM). 
A. Production of HMDSO films. 
The production of the films was performed by means of 
the plasma enhanced chemical vapor deposition 
(PECVD) technique, using HMDSO as precursor gas 
and Argon (99.999%) as carrier gas. Aluminum plates 
(Al5000 series alloy, 30x60x1 mm) were used as sub-
strate. The temperature of the substrate during films 
growth was 300 K.  

The plasma equipment utilized was designed and 
constructed at the Institute of Physics Gleb Watanghin, 
State  University of Campinas (UNICAMP) (Rodriguez, 
2004). Figure 1 presents a scheme of the installation. 

The Radio Frequency (RF) field was generated be-
tween two electrodes with cooper positive electrode. 
The source TOKYO HI-Power RF-150, connected to 
the matching box, supplies a RF signal at 13.56 MHz.  
 


