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® 

Technical Datasheet 
 

Plasma Activation of High-Density Polyethylene 
Using the AtomfloTM Atmospheric Plasma System

Polyethylene is a semi-crystalline thermoplastic with a 
wide variety of industrial uses. It is well known for the 
following properties: 
• Excellent chemical resistance 
• Good strength 
• Flexibility 
• Recyclability 
 
High-density Polyethylene (HDPE) is marketed under 
various trade names including Alathon®, Forar®, 
Fortiflex®, Hostalen HMW®, Marlex®, and Paxon®. 

 
Use of Surfx’s Atomflo™ atmospheric plasma 
technology is highly recommended for improving the 
adhesive bond strength of HDPE. This datasheet 
outlines the method of application as determined by 
our materials engineers. 

 
Surface Preparation 

 
The surface of the specimen should be free of 
contamination prior to plasma treatment. A solvent 
wipe with acetone or isopropyl alcohol, followed by a 
clean, dust-free wipe is sufficient to remove most 
contaminants (e.g. finger oil, grease, some 
particulates, adhesive residues, etc.). For optimal 
results, dry the wiped specimens with a heat gun for a 
few seconds, or store them in a fume hood for 30 min. 
  
Atomflo™ Argon/Oxygen Plasma Activation 

 
When using Surfx’s Atomflo™ system, one may 
choose from a variety of plasma sources, scanning 
conditions, and gas chemistries.  Figure 1 shows the 
AtomfloTM 500 atmospheric plasma system.  Exposures 
are represented in this datasheet as the amount of time 
one square inch of the surface of the test material is 
exposed to the plasma. 

 
 
 

 
Figure 1. Atomflo™ 500 atmospheric plasma 
system. 
 
Water Contact Angle/Surface Energy 
 
When subjected to the oxygen and argon or helium 
plasma, the HDPE becomes more hydrophilic and 
wettable to polar liquids, such as water. The water 
contact angle and surface energy of untreated HDPE 
are 90±3o and 29 dyne/cm, respectively•. Surface 
energy increases to 41 dyne/cm after an exposure time 
of 0.25 s/in2. After longer exposures, the WCA value 
approaches roughly 20o. Research has shown a strong 
correlation exists between high surface energy (low 
water contact angle) and strong adhesive potential with 
specific glues. 
 
  
 
 
 
 

  
Figure 2. Water contact angle measurement before 
and after plasma exposure (12.7 s/in2). 

                                                             
• Measured values have been rounded up for brevity. 
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Figure 3. Surface energy of HDPE treated with the 
Atomflo at scan speeds of 10, 50, 100 mm/s. 
 
Optimal Aging Behaviour 
 
It is useful to know the optimal plasma conditions for 
treating HDPE such that: (a) the surface energy is 
above that of the untreated material, and (b) it does not 
recover to the untreated value with time.  The aging 
behaviour of HDPE varies depending upon the length 
of plasma exposure.  After a short exposure time, the 
surface energy fell to the untreated value within 24 
hours when exposed to ambient conditions (70oF and 
40% RH).  After a long exposure time of 25.0 s/in2, the 
surface energy remained at 60 dyne/cm for 100 hours 
at ambient conditions. 
 
Optimal Adhesive Bond Strength 
 
Adhesive bond strength depends on the polymer type, 
the adhesive used, and the method of surface 
activation. The customer should choose the adhesive 
in combination with the plasma process. 
 
High-density polyethylene samples were bonded to 
aluminium dollies and a pull tester was used to 
measure adhesive-to-plastic bond strength. Figure 4 
shows bond strength values obtained after testing with 
epoxy, urethane, and acrylate adhesives with short (0.5 
s/in2), medium (8.1 s/in2) and long (40.6 s/in2) plasma 
exposure times.  
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Figure 4. Adhesive pull strengths resulting from 
short, medium, and long plasma exposures. 
 
The urethane adhesive showed the most significant 
improvement with plasma treatment. The urethane 
adhesive strength was increased from 0.4±0.1 to 
6.0±1.1 MPa by a medium plasma exposure. The 
acrylate bond strength increased from 0.4±0.1 to 
2.8±1.6 MPa by a long exposure. Lastly, plasma 
activation increased the strength of the epoxy to HDPE 
bond from 0.6±0.2 to 3.4±0.5 MPa with long exposure. 
 
 
Treatment Recommendations 
 
Surfx’s recommended treatment conditions for optimal 
adhesive bond strength to high-density polyethylene 
are: 180 W RF power, 30 L/min helium, 0.75 L/min 
oxygen, 5mm source-to-sample distance, scan speed 
of 10 mm/s, and multiple scans to yield a total 
exposure time of 10.0 seconds per in2 of material 
treated. The improvement in bond strength achieved 
using this approach is summarized in Table 1. 
 
Table 1. Summary of best results. 

Adhesive Epoxy Urethane Acrylate 
Exposure Time (s/in2) 40.6 8.0 40.6 
Pull Strength (MPa) 3.4±0.5 6.0±1.1 2.8 ± 1.6 

Pull Strength Increase 6x 15x 7x 

 
Customer Support 
 
We recommend that the material be bonded 
immediately after plasma exposure. If treated samples 
are to be stored, then it is best to keep them in a cool, 
dry place. 
 
To order Surfx® Atomflo™ products visit our website at 
www.surfxtechnologies.com, or contact sales at 310-
558-0770. 


