
1. Introduction 
 
Poly (vinyl chloride), PVC, which is used in many 
different areas of life such as in the medical field, 
have hydrophobic surfaces [1,2]. Therefore, it is 
usually essential to modify its surface for the pur-
pose of many applications that may require surface 
characteristics such as adequate adhesion and wet-
tability [2]. There is more than one approach that can 
address these requirements, and the ultimate selec-
tion must take into account the process reliability 
and reproducibility, among others. 
 In this work, PVC surface is modified with 
MMT and crystal violet through material reformula-
tion.  This technique is expected to produce en-
hanced surface topography and a more wettable sur-
face, two desirable characteristics in the application 
of PVC.   These techniques change the surface en-
ergy of the substrate PVC giving them a hydrophilic 
characteristic [3].  
 
2. Materials and Methods 
 
2.1. Materials 
 Sigma Aldrich supplied Triton-X100, anhydrous 
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ethylene glycol, diiodomethane, absolute ethanol 
and hydrochloric acid.  Sodium montmorillonite (92 
meq/100g) was purchased from Southern Clay. Poly 
Vinyl Chloride pellets (grade RB1/T3M) were ac-
quired commercially from Moden Plast, S.P.A, Italy.  
All materials were used without further purification.  
 
2.2. Experimental 
 
Modification of PVC 
PVC was modified as follows: 
• By incorporating Na+ MMT intercalated with 1% 

crystal violet (modified MMT) to the PVC bulk. 
• By adding 1% crystal violet only to PVC 
 The components were compounded using a 
laboratory compounder at a steady temperature of 
160oC until a thorough distribution of the compo-
nents attained.  This was indicated by a constant ro-
tating force of the shaft. 
 
Sample Preparation 
The compounded material obtained from the com-
pounder was then moulded using a hot press set at 
160º. These 0.5 mm thick moulded  sheets which 
were cut to various required sizes the tests per-
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formed including Scanning Electron Microscopy 
(SEM) and Water Contact Angle (WCA) measure-
ments. 
 
Water Contact Measurement 
Water contact angle was determined employing the 
sessile drop method on Surface Energy Evaluation 
(SEE) System (Brno, Czech Republic).  Measure-
ments were performed at room temperature using 
three different liquids, namely, deionized water, eth-
ylene glycol, and di-iodomethane.  For each meas-
urement, 5 micro liters of liquid were used on   a 1 X 
4 cm sample piece placed on the equipment.  In or-
der to improve precision, ten independent measure-
ments were made for each sample and an average 
contact angle value determined. Measurements were 
made 30 minutes after the liquid drop rests on the 
surface of the sample. 
 
3. Results and Discussions 
 
Scanning electron microscopy provided evidence of 
changes that occurred on the modified PVC samples.  
In figure 1a, the SEM images depict a smooth sur-
face of the unmodified PVC sample. But, the surface 
of the crystal violet modified samples (figure 1b) 
show some alteration of the surface, displaying some 
shallow folds.  And, the PVC samples with modified 
MMT exhibited deep wrinkles implying major sur-
face changes (figure 1c).  The SEM data are consis-
tent with the Water Contact Angle data which 
showed a decrease of the WCA from   78.2 for the 
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unmodified sample to 63.1 for the crystal violet sam-
ple and further down to 50.2 for the MMT modified 
PVC samples (table 1).   
 These results imply that the modified PVC 
surface is more hydrophilic than that of the unmodi-
fied surface, and moreover, the montmorillonite 
modified surface is likely to have the highest hydro-
philicity [4, 5].  The modification of the surface to-
pography following the same trend of change in 
WCA suggests that MMT probably intercalated in 
the bulk of the PVC, and as a result creates a more 
wettable (hydrophilic) surface [3, 6]. This can be 
significant from the point of view of application of 

PVC, especially, as biomedical materials. 
4. Conclusions 
 
Surface characterization techniques including Water 
Contact Angle (WCA), and scanning electron mi-
croscopy (SEM) were employed to investigate 
changes on the PVC surface following modification 
with MMT and crystal violet.  The SEM images and 
WCA data have shown that the surface characteris-
tics of the reformulated PVC modified with MMT 
and crystal violet have been transformed to rougher 

              
                                          a                      b                                c 

       Figure 1:  SEM images of pure (a), crystal violet modified (b), and Montmorillonite modified PVC samples (c) 

  
Table1. Water Contact Angle (WCA) measurements   

Sample WCA (Degrees) 
PVC pure 78.2 
PVC + Crystal Violet 63.1 
PVC +Modified Montmorillonite 50.2 



surfaces that have become more wettable. Therefore, 
it could be concluded that the modification tech-
nique employed in this study effectively altered the 
surface characteristics and probably making them 
more hydrophilic. 
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