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Abstract 
 
Thermal annealing is the process of reheating plastic articles for a certain length of time after they have been formed. It 
adds an additional step in manufacturing and therefore increases product cost. But there are also important benefits to 
be gained from this process. This article explains the technical background of annealing and the benefits of using 
annealed polyethylene pipe. 
 
 
 
 
 
1. Introduction  
 
Siphonic roof drain installations consist of a plastic pipe 
hung directly under the roof surface inside in a 
building. In extrusion of polyethylene pipe the plastic is 
cooled rapidly using water sprays directly after it leaves 
the forming die. The sudden drop in temperature 
freezes the plastic molecules in whatever position they 
happen to find themselves at that moment. The 
molecules can be compared to springs that have been 
stretched and held under tension. This tension or 
orientation is brought about by the stresses they 
encounter as they are forced through the opening of 
the extrusion die. This article explains how the process 
of annealing produces polyethylene pipe with 
advantageous properties compared to standard pipe.  
 
 
2. Theoretical background 

 
Annealing is the process of reheating a formed plastic 
article in order to remove stresses frozen into the 
product during manufacture.  Just as people like to 
relax by sitting in the warm sun, plastic molecules will 
relax if heated to a comfortable temperature. The 
frozen in tension will be released. For Polyethylene (PE), 
comfortable means between 80oC and 120oC. 
Relaxation of the molecules allows them to go back to 
their natural random state. The random molecules are 
shown in illustration 1 as the black irregular lines.  
 
In polyethylene there is also a second factor to be 
considered that is relevant to the annealing process, 
namely crystallinity. Polyethylene is a semi-crystalline 
plastic. This means that there are areas of organised 

molecules, or crystals, (shown in blue) embedded in a 
matrix of the other randomly arranged molecules. 
 
 

 
 
Illustration 1. Polyethylene molecules 
 
These crystals will grow over time until they reach a 
state of equilibrium. In the hours after pipe extrusion 
the crystals will grow slowly. The more organised 
structure of the crystals takes up less space and 
therefore the plastic product will shrink. 
 
Thermal annealing has then two effects: 
1. the random molecules are brought into a less 

stressed state 
2. the crystals can grow and reach their equilibrium 

state faster due to the higher temperature 
 

 



       

 

We can relate these molecular changes to changes in 
the physical properties of the pipe, i.e. shrinkage and 
release of frozen in stresses in the pipe wall. 
 
Relaxation of the residual or frozen in stresses has been 
associated with improvement of the following 
properties 
 

• fracture related properties (1) (2) 
o sustained long term strength 
o slow crack growth characteristics 
o impact strength 

• Tensile yield strength (1) 
• Quick burst strength (3) 

 
The degree of crystallinity affects the shrinkage and 
deformation of pipe. Pipe which has been annealed 
exhibits negligible post shrinkage. This means it will not 
shrink further when in service. Pipe shrinkage can be 
measured using the standard test method for 
longitudinal reversion as described in EN-ISO 2505. 
Tests conducted at Akatherm have confirmed the 
theory that pipes with a high residual stress also exhibit 
more longitudinal shrinkage. See illustration 2.  

 

 
Illustration 2. Residual stress vs longitudinal shrinkage 
 
 
3. Conclusions 
 
Annealing will:   
1. Improve the hydrostatic burst resistance  (5)(6) 
2. Improve the quick burst strength (1) 
3. Improve the dimensional stability of the pipe in service(4) 
 

Residual Pipe Stress vs Longitudinal shrinkage
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