
POLYURETHANE 
MEETS 

SENSORS

Michael Magerstaedt, 
ROSEN Group, discusses 
polyurethane elastomers 

that protect steel pipelines 
from corrosion, erosion 
and erosion corrosion.

Polyurethane and polyurea elastomers are becoming 
increasingly commonplace as materials for pipe 
coatings in oil and gas pipelines. As external 
corrosion protection coatings, these materials exhibit 

outstanding resistance to wet and salty soils. In addition, 
they possess abrasion resistance in applications such as thrust 
boring, where pipes are pushed through rocky soil and must 
then remain corrosion protected in the ground for decades.

As interior coatings, particularly in slurry pipelines, 
polyurethane elastomers protect steel pipes from corrosion, 
erosion and erosion corrosion. Lifetime extension by a factor 
of ten or more in comparison to steel can be achieved.

The ‘building block’ chemistry of polyurethane and 
polyurea allows custom design of a vast number of such 
elastomers. Since two main components and four to six other 
components are brought into the so-called polyaddition 
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reaction, and for some of these components hundreds of 
different substances can be used, experienced urethane 
chemists can literally customise material properties. The 
ROSEN Group, best known for inline inspection (ILI) of 
pipelines, has also specialised in the development and 
manufacture of products made from novel high performance 
polyurethane elastomers. Having become a major 
manufacturer of internally coated pipes for slurry pipelines, 
particularly in Canadian oilsands, ROSEN has taken the 
development of high performance polyurethane elastomer 
several steps further.

A successful example of combining ROSEN’s material 
expertise with its sensor expertise is instrumentation spools – 
sensors embedded in a polyurethane coating, used to measure 
coating wear and relay the data to the outside of the steel 
pipe.

Challenges with internally coated or lined 
steel pipelines
Metallic pipe condition monitoring is relatively easy. 
Ultrasonic methods can locate and quantify internal wear 

of a steel slurry pipe from the outside of the pipe. This is 
much more difficult for nonmetallic coatings and linings 
of steel pipes. Methods such as ultrasound, eddy current, 
electromagnetic acoustic transducers and others, will 
generate signals in the pipe steel. However, those signals 
will be much weaker in pipelines with internal polymer 
coating, which impedes effective wear monitoring. ILI is 
also ineffective with thicker interior coatings, such as those 
typically used in slurry pipelines. 

In high wear applications like oilsands and mining slurries, 
the inability to measure elastomer wear through the steel 
wall poses a significant threat. Operators need to know this 
wear – particularly at or around the 6 o’clock position, where 
abrasion and erosion corrosion are highest.

Despite the life extension by high performance 
polyurethane interior coatings described above, the point 
at which the wear limit is reached needs to be known. Until 
very recently, the only way to determine wear was to shut 
down the pipeline and physically inspect the inside.

A new method developed by ROSEN makes it possible 
to determine internal coating wear from the outside of the 
pipe. It involves sensors placed inside the polyurethane 
coating, thereby rendering the coating ‘intelligent’. These 
sensors do not require an opening in the pipe wall for 
data transmission to the outside world. The first ROSEN 
instrumentation spools in the market have been operating 
in Alberta oilsands since April 2015; the system functions 
well and is able to indicate coating wear into the millimetre 
range.

The embedded sensors are placed against the inner 
pipe wall. Each sensor is placed on top of a microchip, 
which receives its power from an ultrasonic transceiver. 
The ultrasonic impulse activates the sensors and provides 
energy for sensor measurement and data transfer back to 
the external ultrasound transceiver. This system can also 
be automated by a firmly attached external ultrasound 
transceiver in combination with a wireless transmitter.

Since the cost of a single pipeline shutdown can reach 
the million dollar range, postponing a shutdown for as little 
as two or three months can mean significant savings for the 

company. With continuous or periodic monitoring by 
instrumentation spools, shutdowns can be scheduled 
when they are truly necessary. Calculations by operators 
and engineering consultants estimate maintenance 
savings of up to 25% or more using such a system.

The next step: polyurethane elastomer 
sensors
Like most polymers, high performance polyurethane 
elastomers are dielectric; they do not exhibit electrical 
conductivity. Hence, they can be applied as dielectric 
core layer of an electric capacitor.

It is possible to custom design polyurethane 
elastomers that will quickly and completely revert back 
to their original shape after mechanical deformation. 
These polyurethane grades are particularly suited as a 
dielectric layer in dielectric elastomer sensors (DESs). 
After intensive research, the ROSEN team was able 

Figure 1. Robust and weatherproof electronic system 
incorporating several data interfaces along the pipeline ring.

Figure 2. Portable outdoor tablet PC visualising all data.
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to design polyurethane elastomers that ideally fit the 
specification profile for DESs.

The resulting thin films with sensor capabilities can 
easily be integrated into wear parts, exterior spray coatings 
or other products made from polyurethane or polyurea. 
In these cases, the sensor literally becomes part of the 
urethane product. Alternatively, by placing/gluing the 
sensor onto a substrate (steel, concrete etc.), strain (bending, 
vibration, expansion), impact and other forces on that 
substrate can be measured. Such flexible films have a high 
degree of design freedom for their intended application. 
DE sensors are extremely well suited for use as continuous 
monitoring devices.

Figure 3. Graph showing the opposing signals from the sensors on the inside 
and outside of the pipe bend.

Figure 4. Sensor signals of actual bending trial.

The film electrodes of individual DE sensors are connected 
to wires or, in an even more versatile version, to printed 
conductors that provide electrical power as well as transmit 
the signal to an electronic data analyser.

The size of each single sensor can be chosen freely, as 
required by the application. A sensor can have a surface 
ranging from a few square centimetres to a square metre or 
more.

A DES is a capacitor consisting of at least three layers of 
thin films that are placed on top of each other like a sandwich, 
with two outer films made of an electrically conductive 
material that act as electrodes. The centre film must be made 
of a dielectric material.

If a voltage is applied to the two electrode 
layers and the centre film is elastomeric, any 
distortion of this central layer will result in an 
electrical current. This is caused by a reverse 
electrostrictive effect. 

Potential of DE sensors in mining 
applications
While there are a number of applications in 
which the company’s polyurethane DE sensors 
have already been tested, their potential for 
pipelines is just being explored. An example is 
a pipe joint where two embedded DE sensors 
have been integrated into the external coating 
on opposite sides of the pipe (covered with a 
sprayed on polyurea coating). Both a simulation 
and sensor readings from an actual bending test 
with such a pipe gave solid results, showing 
reliable and reproducible strain measurement 
with clear indication of bending angle and 
location of the sensors. 

Since DE sensors can measure pressure as 
well as strain, they can easily deliver reliable 
pipe bending measurements. This demonstrates 
that DE sensors can indeed be used as strain or 
distortion sensors on oil and gas pipelines. 

Further possible applications in oil and gas 
include:

 ) Monitoring of subsea pipeline movement, 
distortion and strain.

 ) Monitoring of pipe supports and pressures 
thereon.

 ) Monitoring of vibration on offshore 
structures.

 ) Monitoring of geological movements.

In summary, DE sensors made from ROSEN’s 
polyurethane elastomers are highly versatile, 
easily adaptable to a variety of applications 
and feature a high degree of design freedom. 
The sensors are able to measure strain, pressure 
and – by inference – temperature and other 
parameters. 
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