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Introduction 
 

Polyolefin polymers are used extensively in producing plastics and elastomers due to their excellent chemical 

and physical properties as well as their low price and easy processing. However, they are also one of the most 

difficult materials to bond with adhesives because of the wax-like nature of their surface. Advances have 

been made in bonding polyolefin based materials through improved surface preparation processes and the 

introduction of new adhesives that are capable of bonding to the polyolefin substrate without any surface 

pre-treatment. Adhesion promoters for polyolefins are also available that can be applied to the part prior to 

bonding similar to a primer. 

 

Polyolefin parts can be assembled via many methods such as adhesive bonding, heat sealing, vibration 

welding, etc. However, adhesive bonding provides unique benefits in assembling polyolefin parts such as the 

ability to seal and provide a high degree of joint strength without heating the substrate. This article will review 

the reasons why polyolefin substrates are so difficult to bond and the various methods that can be used to 

make the task easier and more reliable. 

 

Polyolefins and their Surface Characteristics 

Polyolefins represent a large group of polymers that are extremely inert chemically. Because of their excellent 

chemical resistance, polyolefins are impossible to join by solvent cementing. Polyolefins also exhibit lower heat 

resistance than most other thermoplastics, and as a result thermal methods of assembly such as heat welding 

can result in distortion and other problems. 

The most well-known polyolefins are polyethylene and polypropylene, but there are other specialty types such 

as polymethylpentene (high temperature properties) and ethylene propylene diene monomer (elastomeric 

properties). All of these materials come in various processing grades. Polyethylenes are relatively soft with 

thermal stability in the 85°-125°C range depending on grade. Polypropylenes are chemically similar to 

polyethylene, but they have somewhat better physical strength at lower density. Mould shrinkage is less of a 

problem with polypropylene and more predictable than with the other polyolefins. As a result, polypropylene 

is used in many structural applications. Polymethylpentene is a rigid, chemically resistant polyolefin that has 

greater thermal stability than the other polyolefins. It is used in microwave compatible containers, auto-

clavable medical products, and the like. 

In order to bond two surfaces, the adhesive must either wet the surface or be able to penetrate the surface   

to provide a mechanical connection. Polyolefins are difficult to bond because most adhesives do not wet   

their surfaces, and their chemical resistance prevents the adhesive from penetrating the polymer. The ability 

to wet a surface is commonly measured by either contact angle measurements or surface energy. For any 

adhesive to wet a surface it must have a surface energy that is equal or lower than that of the substrate. The 

surface energy for polyolefins is in the range of 30 dynes / cm2 (Table 1), and most adhesives have a surface 

energy on the order of 40 dynes / cm2. 

Substrates (Low Energy) Critical Surface Tension, dynes/cm Contact Angle, deg, with water 

Acetal                                    36                                    85 

Acrylonitrile Butadiene Styrene (ABS) 35 82 

Acrylic 41 82 

Polyester                                    41                                    70 

Epoxy – typical amine cure 46 - 
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Polyurethane 38 85 

Nylon 6 38 - 

Nylon 12 36 - 

Natural Rubber 24 - 

Polycarbonate 46 75 

Polphenylene Sulfide (PPS) 38 87 

Polybutylene Terephthalate (PBT) 32 88 

Polyethylene Terephthalate (PET) 42 76 

Styrene Butadiene Rubber 48 - 

Polyimide 40 83 

Polystyrene 34 72 

Polysulfone 41 - 

Polyphenylene Oxide 47 75 

Polytetrafluoroethylene (PTFE) 19 120 

Polyvinyl Chloride (plasticized) (PVC) 39 89 

Polypropylene 30 88 

Polyethylene 30 88 

Fluorinated Ethylene Propylene 20 98 

Table 1: Surface Energy and Contact Angle with Water of Common Plastics1 

Thus, in order to have good adhesion, the polyolefin surface must be treated in some form to raise the surface 

energy. A number of surface treatment processes have been developed and these are reviewed in the next 

section. Conventional mechanical surface abrasion, although effective on metals and high surface energy 

plastics, will not work on polyolefin substrates. In fact, as shown in Figure 1, mechanical abrasion can actually 

reduce the adhesion due to the roughness of the surface and the inability of the adhesive to wet the surface 

and fill-in the surface irregularities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Poor wetting occurs with polyolefine substrates that are abraded prior to bonding  
(SpecialChem Fig. Ref: Poor wetting cause by surface roughening) 

 

Polyolefins Surface Preparation Processes 

There are several surface treatment processes that can be used to raise the surface energy of most 

thermoplastics. The specific process will depend on the plastic involved, how it was processed, and the 

degree of adhesion required for the end-use application. Methods used to improve the bonding 

characteristics of polyolefin surfaces include: 

1. Oxidation via chemical or flame treatment 

2. Electrical (corona) discharge to leave a more reactive surface 
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3. Ionized inert gas treatment which strengthens the surface by a chemical change (e.g., crosslinking) or 

physical change and leaves it more reactive 

4. UV radiation causing chain scission and / or crosslinking, and 

5. Laser treatment resulting in removal of weak boundary layers. 

These processes have been developed over time and are conventionally used in many production 

applications. These processes are summarized in Table 2 for specific thermoplastic substrate families. Of the 

processes listed above, the first three are most commonly used for pre-treating polyolefin prior to bonding. 

Treatment Applicable Polymers Result 

Flame Polyolefins, nylon, and other low surface 

energy plastics 

Oxidizes the surface introducing polar 

groups 

Corona or electrical discharge Polyolefins, polyethylene terephthalate, 

PVC, polystyrene, cellulose, fluorocarbons 

Oxidation and introduction of active 

groups; increased surface roughness 

Plasma discharge Polyolefins as well as nearly all low energy 

surfaces including most thermoplastics; 

silicone rubber and other low energy 

elastomers 

Crosslinking of the surface region; surface 

oxidation with the formation of polar 

groups; grafting of active chemical species 

to the surface; halogenation of the surface 

UV radiation Polyolefins, polyethylene terephthalate, 

EPDM rubber, other low surface energy 

polymers 

Chain scission of surface molecules 

followed by crosslinking; surface oxidation 

Laser treatment Polyolefins, engineering plastics, sheet 

molding compounds 

Removal of surface contamination and 

weak boundary layers; roughening of 

mineral filled substrates 

Oxidizing acids Polyolefins, ABS, polycarbonate, nylon, 

polyphenylene oxide, and acetal 

Oxidation of the surface; reactive groups 

introduced on the surface; cavities formed 

to provide interlocking sites 

 Table 2: Common Active Surface Treatments for Polyolefin Substrates 

Chemical Etch 

 

The chromic acid etch method, similar to the FPL etch developed for treating aluminium, had been 

recognized as one of the most effective ways of surface treating polyolefin parts. However, this process has 

come into disfavour due to the hazardous nature of working with the chemicals involved. 

 

Flame Treatment 

 

Flame treatment burns-off contaminants and oxidizes the surface of the polymer. A brief exposure to the flame 

oxidizes the surface through a free radical mechanism, introducing higher surface energy groups (hydroxyl, 

carbonyl, carboxyl, and amide groups) to the part’s surface. Molecular chain scission and crosslinking also 

occur depending on the polymer and on the nature of the flame treatment. It is widely used to prepare 

polyolefin surfaces for painting, printing, or adhesive bonding. However, it is a process that is relatively difficult 

to control, and bonding must be done as soon as possible after flame treatment. 

 

Corona Treatment 

 

Corona discharge treatment is a popular method of dry surface preparation of polymer films. The treatment 

is believed to oxidize the surface of the polymer so that the ink, coating, or adhesive can permeate the 

roughness of the thin oxidized layer. The electric equipment consists basically of a high frequency generator 

(10-20 kHz), a stationary electrode electrically connected to the generator; and a dielectrically covered 

treater-roll that serves as the grounded electrode. The material to be treated is carried over this roller for 
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continuous processing. This electrical discharge causes oxidation and polar group formation in the surface 

molecules that in turn raises the surface energy of the treated material. 

 

Corona treating equipment is inexpensive, clean, and easily adapted to in-line operations. Parameters that 

positively affect the efficiency of the treating process include power input and temperature; whereas, line 

speed and humidity negatively affect efficiency. One of the major difficulties with corona treatment and 

other active polymeric surface treatment processes is the short shelf life. The surface energy improvement 

begins to drop off immediately after treatment. 

 

Plasma Treatment 

 

A gas plasma treating process has been developed for surface treatment of many polymeric materials. It is a 

dry process that is becoming a very common method of treating many different engineering plastics. Low 

energy materials, such as polyolefins, polytetrafluoroethylene, poly (ethylene terephthalate), nylon, silicon 

rubber, etc. are also readily treated with gas plasma without the need for hazardous processes. Relative bond 

strength improvements of ten to several hundred times are possible depending on the substrate and gas 

plasma. 

 

Gas plasma treatment is effective on geometrically complex parts. Epoxy and polyurethane adhesives have 

been used to bond polyolefin plastics after plasma surface preparation. Shear strengths in excess of 3000 psi 

have been reported on polyethylene treated for 10 min in an oxygen plasma and bonded with an epoxy 

adhesive.2 

 

Operationally, a plasma differs from corona and flame treatment in that the process is completed at less than 

atmospheric pressure and with gases other than air. Because of the necessity for partial vacuum, plasma 

treatment is essentially a batch process and as a result conventional plasma treating is limited to parts that 

can fit into a vacuum container. 

 

A new process, atmospheric plasma treatment, has been developed that negates many of the 

disadvantages of both corona and plasma treatment. A significant benefit of atmospheric plasma over 

corona treatment is that the shelf life of the surface treatment is significantly longer. 

Atmospheric plasma treatment represents a new generation of surface treatment technology that allows the 

plasma to be sustained at atmospheric pressure in a way that permits the surface treatment of polymers and 

other substrates. It can be configured to work with a variety of feeding systems including continuous web. 

 

An atmospheric plasma source may be viewed as an electrical switch that turns chemical reactions on and 

off. When it’s on, a high concentration of atoms and radicals are delivered to a surface to clean, remove, 

modify, or deposit materials of choice. The reaction chemistry depends on the gases fed to the plasma.  These 

gases will depend on the substrate, and they can include oxygen, hydrogen, nitrogen, and carbon 

tetrafluoride. By using electrons instead of heat to turn reaction on and off, one can independently control 

the temperature of the surface. 

 

Primers and Adhesion Promoters 
 

Primers generally cannot be used as a substitute for chemical or physical surface preparation. However, 

there are several instances where primers have provided excellent adhesion without having to go through 

the process of surface preparation. This is a distinct advantage because surface treatment methods may be 

hazardous, inconvenient, time consuming, and often expensive. The use of a surface primer, although an 

extra step in the bonding process, is a more desirable alternative for use on the production line. 

Chlorinated polyolefins are often used for priming low energy surfaces such as polyolefin plastics. These 

primers are based on either chlorinated polyethylene or polypropylene and are usually used as a solvent 
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based solution. They are generally used to improve the adhesion of paint to polyolefin substrates, but they 

can also be utilized for adhesive bonding. A primer based on a solution of chlorinated polypropylene has 

been used to adhere paint to polypropylene automobile bumpers with some interdiffusion of primer into the 

part. Chlorine atoms in the outer surface of the primer are believed to increase polarity and enhance paint 

adhesion in this case. 

 

Solvent free, water borne chlorinated polyolefin primers based on emulsions and dispersions of chlorinated 

polyolefin have also been developed. They provide an increase in bond strength and water resistance for 

polypropylene and other thermoplastic polyolefin joints. 

 

Cyanoacrylate adhesives do not wet or adhere well to polyolefins. The surface tension of the adhesive is 

much higher than that of the substrate. However, polyolefins can be primed for adhesion to cyanoacrylates 

by certain chemical compounds normally considered to be activators for cyanoacrylate polymerization. 

Materials such as long chain amines, quaternary ammonium salts and phosphine can be applied in either 

pure form or in solution to the surface of the polyolefin. These primers are simply sprayed or brushed onto the 

substrate. After drying of the primer, the cyanoacrylate adhesive is conventionally applied and bonds 

extremely well to the substrate. Triphenylphosphine or cobalt acetylacetonate primers used with 

cyanoacrylate adhesives produce adhesive bonds with polypropylene and low density polyethylene that 

are sufficiently strong to exceed the bulk shear strength of the substrate. They are also sufficiently durable as 

to withstand immersion in boiling water for long periods of time. 

 

It appears that one of the main reasons for improved adhesion by primers with cyanoacrylate adhesives is 
that the solvents wet-out and swell the polyolefin. This then facilitates interpenetration of the low viscosity 
cyanoacrylate resin. 

 

There are several standard tests that are used to measure the working characteristics of adhesives and 

sealants. These tests are also often used to determine consistency of a material from lot to lot and as a 

means of specifying an adhesive for a specific application. 

 

Table 3 also identifies several working characteristic standards that have been developed by ASTM. The most 

commonly used are shelf life, working life, and cure rate. These tests are direct measurements of the reactivity 

of the adhesive or sealant at various stages during the bonding process. They provide information important 

to the end-user regarding the time limits required for storage, application, and cure of the adhesive or 

sealant. 

 

Adhesives for Direct Bonding of Polyolefins 
 

Several adhesive systems have been developed for bonding of untreated or unprimed polyolefin substrates. 

Certain acrylic solvent solutions and waterborne emulsions have been specifically developed for bonding low 

energy surfaces such as polypropylene. They are primarily used as pressure sensitive and laminating adhesives. 

These products have good adhesion to low surface energy plastics because they have relatively low surface 

energy themselves. They are generally available as clear adhesives; however, this will depend   on the specific 

formulation and the additives that are included. 

 

Thermosetting acrylic adhesives have been introduced that can bond directly to many low surface energy 

plastics, including many grades of polypropylene, polyethylene, and other polyolefin, without special 

surface preparation. This characteristic is believed to be due to diffusion of the acrylic monomer into the 

substrate before cure. It seems that the bonds formed on low density polyethylene result in substrate failure 
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and that an interphase of mixed adhesive and polyethylene is formed up to 1.5 mm thick. 
 
Thermosetting acrylic adhesives are rubber-toughened, two-component systems that cure rapidly at room 
temperature to provide a crosslinked structural adhesive suitable for bonding metals, engineering plastics, 
and many other substrates. In this respect they compete for applications with two-part room temperature 
curing epoxy and polyurethane adhesive systems. Shear strengths of a commercial thermosetting acrylic 
adhesive on a variety of substrates is shown in Table 3. 

 
Substrate Type Specific Joint Materials Lap Shear Strength, psi 

Polyolefin High density polyethylene 1658 

 Low density polyethylene 632 

 Polypropylene 239 

Metals Steel-to-high density polyethylene 657 

 Aluminium 423 

Plastics Epoxy 1045 

 Polycarbonate 726 

 Polyvinyl chloride 1237 
Table 3: Shear Strength of a 2K Thermosetting Acrylic Adhesive (Loctite 3035) on Several Substrates3 
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