
ANNOTATION
     THE MODIFICATION OF SURFACE WETTABILITY IS A KEY 
STEP IN NUMEROUS INDUSTRIAL PROCESSES INVOLVING 
GLASS, INCLUDING COATING, BONDING, AND PRINTING. IN 
THIS STUDY, A HYBRID APPROACH COMBINING CHEMICAL 
PRE-TREATMENT WITH DIFFUSE COPLANAR SURFACE BARRIER 
DISCHARGE (DCSBD) PLASMA IS PROPOSED FOR THE CONTROLLED, 
NON-CONTACT PATTERNING OF SURFACE ENERGY ON GLASS 
SUBSTRATES. COMMERCIALLY AVAILABLE SURFACE 
TREATMENT AGENTS, INCLUDING AN ALCOHOL-BASED GLASS 
CLEANER, A SURFACTANT-RICH FOAMING SYSTEM, AN ANTI-
FOG FORMULATION, AND A HYDROPHOBIC COATING, WERE 
USED TO CREATE DISTINCT INITIAL SURFACE STATES. THESE 
PRE-CONDITIONED SURFACES WERE SUBSEQUENTLY EXPOSED 
TO DCSBD PLASMA AT VARYING DISTANCES FROM THE 
DISCHARGE REGION, ENABLING SELECTIVE AND SPATIALLY 
CONTROLLED SURFACE ACTIVATION WITHOUT DIRECT 
CONTACT. CHANGES IN SURFACE WETTABILITY WERE 
EVALUATED USING CONTACT ANGLE MEASUREMENTS AND 
THE CORRESPONDING SURFACE FREE ENERGY (SFE) 
COMPONENTS. 
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The combination of chemical pre-treatment and DCSBD plasma activation enables controlled, non-contact 
modification of glass surface wettability and surface free energy (SFE). Spatially selective hydrophilic and 
hydrophobic regions were experimentally generated, analyzed by contact angle measurements, and transformed 
into visible plasma-patterned structures through SFE-based modeling and droplet visualization.

➢ THE RESULTS
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✓ DCSBD plasma treatment combined with selective chemical pre-treatment enabled controlled modification of 
glass surface wettability.

✓ Commercially available agents, including an alcohol-based glass cleaner, anti-fog coating, hydrophobic coating, 
and surfactant-containing systems, were successfully used to create localized contrasts in surface free energy.

✓ Surface wettability was evaluated using a SEE System contact angle analyzer through contact angle measurements 
and subsequent calculation of SFE components.

✓ Spatially selective surface activation was achieved by mask-assisted plasma exposure, enabling the formation 
of defined hydrophilic and hydrophobic regions on glass surfaces.

✓ Experimentally obtained SFE data were transformed into two-dimensional and three-dimensional visualization 
models for prediction and simulation of local wettability contrast.

✓ The generated plasma-patterned structures enabled stable vertical presentation of water-droplet-based visual 
effects directly on glass substrates.

✓ The results demonstrate the potential of DCSBD plasma technology for functional surface engineering, 
non-contact patterning, and design-oriented wettability control of glass materials.

To visualize the effect of wettability contrast, experimentally measured contact angle values were transformed into 
spatial surface free energy (SFE) maps using image-based numerical modeling. Binary image masks combined with 
experimentally determined SFE values enabled the simulation of local wettability distribution and the prediction of 
visible droplet-based patterns on glass surfaces.
• Surface activation was performed using a diffuse coplanar surface barrier discharge (DCSBD) plasma reactor at an 

input power of 400 W and an exposure time of 15 s.
• Contact angle measurements and surface free energy (SFE) evaluation were carried out using a KRÜSS Drop Shape 

Analyzer system.
• Surface cleanliness and contamination contrast were evaluated using a Recognoil2W fluorescence-based detector.
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