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Lightweight materials can be a central component in climate-neutral
production. Plastics are often effective in this context. However,
depending on the application, they have to stand up to high
temperatures and extreme conditions. Radiation crosslinking of
thermoplastics offers new potential for lightweight construction as
conventional plastics can also be qualified for demanding tasks with
this refining process.
SIGNIFICANCE OF RADIATION
CROSSLINKING

Energy-rich ionizing gamma and beta
irradiation is suited for the destruction of
harmful microorganisms in a sterilization process. This is a well-known fact,
but less well-known is the ability of beta
and gamma rays to improve the properties of thermoplastics. When energy-rich
gamma or beta rays are applied to plastic
components, they trigger chemical reactions in the material, linking molecules
in the process – similar to vulcanization
of rubbers. This results directly in
increased durability and resilience of the
treated products.
Following irradiation, plastics show
significantly improved properties in
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terms of heat and abrasion resistance,
stability and creep behavior. With radiation crosslinking, the mechanical,
thermal and chemical properties of
commodity and technical plastics
receive an upgrading as it were. They
thus have properties after the treatment,
which approximate the properties profile of high-performance plastics, and
which they replace in certain
applications.
PHYSICAL RADIATION
CROSSLINKING

High-energy beta rays are generally used
in the technical field for physical radiation crosslinking. In order to receive the
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desired material properties, the crosslinking of plastic molecules is controlled
by a specified radiation dose.
Beta rays are accelerated electrons
and are generated through electron

Radiation crosslinking refines
plastics in serial production

accelerators that are comparable to a
Braun tube. A hot cathode emits electrons which are accelerated in a high
vacuum under the influence of a strong
electrical field. In this cyclical alternating field, the electrons achieve a maximum energy of 10 MeV (4.45e-19 kWh)
in several stages. On leaving the accelerator, the electron beam is then
deflected in an alternating magnetic
field so that it reaches the products to
be irradiated as a fan-shaped beam
(FIGURE 1).
With the help of an automated transport system, the products are conveyed
through the irradiation field; the irradiation process itself, in which the material absorbs the radiation energy, only
takes a few seconds. Chemical bonds
are broken down and free radicals are
created. These radicals undergo the
desired molecular bonding in the next
step. In this way, an extremely resistant
three-dimensional polymer network is
created (FIGURE 2). Radiation crosslinking is generally suited for all plastics
where chemical crosslinking is also
possible by means of radical initiators
(for example, peroxides). Unlike with
chemical crosslinking methods, radiation crosslinking, which is a physical
procedure, takes place at low temperatures. The quality of the results is
highly reproducible. At BGS Beta-Gamma-Service, polyethylene (PE), polyamide (PA) and polybutylene terephthalate
(PBT) are the main materials that are
crosslinked. Thermoplastic elastomers
(TPE) are gaining importance in terms
of quantity.
After the radiation crosslinking, the
products are able to be used under conditions, which they would not withstand
otherwise. Generally, radiation crosslinking is carried out after molding. The

manufacturer can use conventional raw
materials for injection molding, extrusion, blow molding, or thermoforming
as usual. The range of properties that
can be achieved is dependent on the relevant basic polymer. For some plastics,
special additives are necessary. The
addition of these crosslinking additives
can take place in the production of plastic granulate (compounding) or directly
before the molding (for example as master batch). Additives enable or improve
crosslinkability, and can further optimize the properties of the plastic. Crosslinking additives (such as TAIC) wellknown from the plastics and rubbers
industry are used. Following irradiation,
special material tests are carried out to
evaluate the achieved changes in the
properties.

FIGURE 3 shows technically relevant
plastics arranged as a performance pyramid. The base is formed by inexpensive commodity plastics or technical
plastics whose mechanical, thermal and
chemical properties can achieve those
of high-performance plastics through
radiation crosslinking. These plastics
form the peak of the pyramid. TABLE 1
provides an overview of the polymers
which can be crosslinked by radiation.
IMPROVEMENT OF THERMAL
PROPERTIES

Thermoplastic materials become thermoelastic through the process of radiation
crosslinking. Through the crosslinking
reaction, a network is created that suppresses the flowability of the plastic – at

FIGURE 1: Schematic setup electron accelerator ©BGS
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Designation

Crosslinking additive
Yes

Polyethylene PE (LLDPE/LDPE/MDPE/HDPE/
UHMWPE)

Thermoplastics

X

Polyamide PA (PA6, PA66, PA11, PA12)

X

Polybutylene terephthalat (PBT)

X

Polyvinylidene fluoride (PVDF)

X

Ethylene-Tetrafluorethylene-Copolymer (ETFE)

X

Polypropylene PP (homopolymers/copolymers)

X

Ethylene vinyl acetate (EVA)

X

Polyvinyl chloride PVC (only plasticised PVC)

X

Polylactides (PLA)

X

Thermoplastic elastomers on olefin basis
(TPE-O or TPO)

X

Thermoplastic polyester elastomers
(TPE-E or TPC)
Thermoplastic
elastomers

Thermoplastic elastomers on urethane basis
(TPE-U or TPU)

IMPROVEMENT OF TRIBOLOGICAL
PROPERTIES
X

X

Thermoplastc polyamide elastomere
(TPE-A ot TPA)

Elastomers

No

X

Polyurethane (PUR)

X

Styrene butadiene rubber (SBR)

X

Ethylene-propylene-diene rubber (EPDM)

X

Silikone rubber

X

TABLE 1 Irradiation crosslinkable polymers (© BGS)

higher temperatures the material
behaves like an elastomer. The improved
heat resistance and the significantly
improved mechanical characteristics are
key features of radiation crosslinking.
As shown in FIGURE 4, the moduli above
the crystalline melting temperature virtually go down to zero in the case of
PA66 that is not crosslinked. By contrast,
the considerably higher moduli of a
crosslinked plastic guarantee sufficiently
high strength even at temperatures
above 350 °C. In addition, the thermal
expansion coefficient decreases. Crosslinked PA66 shows a temperature index
improved by 20 °C (5,000 h; 60% reduction of fracture strain).

vation of the interfaces. The weld seam
strength of vibration welded components
as well as the bond strength between
material combinations (for example,
polymer/polymer and polymer/metal)
are increased through radiation crosslinking. The requirements for materials
used in transmissions and sliding components, such as gear wheels, bearing
bushings and slide bushings have
increased considerably. Radiation crosslinked components can be an economical alternative to metal materials or
expensive polymers (PEEK, PAI, etc.).

Frictional and tribological behavior is
an important selection criterion for
machine elements made from plastic.
At increasingly higher operating temperatures, friction, wear and tear
shorten the service life of slide bearings and gear wheels. As a rule, an
increased concentration of amorphous
parts in the material found on the surface of plastic components due to the
manufacturing process shows unfavorable wear behavior. It is precisely these
amorphous parts that are particularly
suited for radiation crosslinking,
whereby substantially higher sliding

IMPROVEMENT OF MECHANICAL
PROPERTIES

Radiation crosslinking improves the
mechanical firmness of strengthened
plastics already at room temperature. In
particular, the better coupling of filler
materials to the polymer matrix contributes to this, which is caused by the acti-
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FIGURE 2: Illustration crosslinking macromolecules ©BGS

FIGURE 3: Irradiation crosslinkable polymers ©BGS

speeds can be achieved under simultaneously reduced wear coefficients. For
example, polyamide not crosslinked,
and exposed to friction has an application limit of 120 °C. Radiation crosslinking prevents melting of the material and increases the permanent operating temperature by up to 100 °C at a
simultaneously reduced wear rate.
Consequently, gear wheels made from
radiation crosslinked plastic can
replace metal components and are substantially lighter.

sis. This becomes apparent, for example,
in the improved stress crack resistance
and significant strength reduction following exposure to solvents.

ECONOMIC ASPECTS OF RADIATION
CROSSLINKING

A direct comparison of procurement costs
for high-performance plastics and crosslinked polymers shows significant savings
potential. Depending on the amount of the

procurement costs for the relevant
high-performance plastic, substituting it
by a crosslinked material can lead to substantial direct savings.
The savings potential is even more
noticeable when taking into account not
only the expenses for granulate, but also
the process costs for the production of
the components. As opposed to high-performance plastics, compounds that can
be radiation crosslinked are particularly
characterized through their simpler processing. In particular, the lower process-

IMPROVEMENT OF CHEMICAL
PROPERTIES

Crosslinking of plastics considerably
reduces the solubility and swelling
caused by solvents. For example, this is
used to determine the crosslinking level
through the extraction test. The resulting
gel value directly correlates with the
degree of crosslinking. If the degree of
crosslinking increases, the swelling
degree decreases at the same time. Radiation crosslinking equally improves the
resistance against aggressive media (e.g.,
brake fluid or electrolytes) and hydroly-

FIGURE 4: Heat resistance of irradiated PA66 ©BGS
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Material

Spray temperature

Mould temperature

PEI

350–400 ºC

135–170 ºC

PES

330–380 ºC

120–170 ºC

PPS

300–370 ºC

125–160 ºC

PEEK

360–400 ºC

150–210 ºC

PA-X*

240–290 ºC

60–100 ºC

*radiation crosslinkable PA
TABLE 2: Processing temperatures of different polymers ©BGS

ing temperatures of radiation crosslinkable polymers as compared to high-performance plastics and the low effort for
postprocessing with respect to thermosets have a positive effect on the production costs. TABLE 2 shows this based on a
polyamide crosslinked by radiation.
Lower energy consumption, shorter
cycle times as well as lower tooling costs
with a longer service life have a direct
impact on the production costs of the
components. The full potential of radiation crosslinking can be tapped if the
radiation crosslinked material is already
factored into the development process
right from the beginning and not only
then when a substitution process is
applied.

APPLICATIONS IN AUTOMOTIVE
CONSTRUCTION

Plastics are becoming increasingly
important as raw materials in the automotive industry. At the same time, the
materials are subject to high thermal,
mechanical and chemical demands. In
this context, radiation crosslinking offers
a viable solution, in order to expand the
range of applications of more cost-efficient materials and materials already
established (for example, PA). This helps
to save on raw material costs and, at the
same time, to narrow down the increasing diversity of raw materials. If the plastics, in addition to high temperatures,
are exposed to, for instance, aggressive

IMPRINT:
Special Edition 2020 in cooperation with
BGS Beta-Gamma-Service GmbH & Co. KG, Fritz-Kotz-Straße 16, 51674 Wiehl;
Springer Fachmedien Wiesbaden GmbH, Postfach 1546, 65173 Wiesbaden,
Amtsgericht Wiesbaden, HRB 9754, USt-ldNr. DE81148419

5

media or high mechanical loads, radiation crosslinking improves the aging
behavior. Thermoplastic elastomers
whose application is frequently limited
due to insufficient compression set can
be optimized through radiation crosslinking in such a way that they fulfil the
high demands placed on vehicle construction. Further application possibilities are, for example, elastomer seals
which are produced using two-component injection molding and subsequently
radiation crosslinked. Given an ideal
combination of materials, the housing
and the injected TPE seal are crosslinked
in a single processing step.
Lightweight construction using plastics instead of metals: Fixture elements
such as bolts and nuts, holders or clips
out of metal can be substituted by radiation crosslinked polyamide. The large
number of fixture elements in and on the
vehicle enable a reduction in weight by a
factor of > 5 in this area. This contributes to cutting down the total weight and
reducing the manufacturing costs (metalworking versus injection molding). It is
also conceivable that load-bearing body
components are made from thermoplastic composites, for example.
Organic sheets: Multi-material construction methods are supposed to fulfil
the demands placed on them at minimum weight. In this context, thermoplastic organic sheets play a more
important role in large-scale serial production. Radiation crosslinked components, which are stronger and have a

higher heat deflection temperature,
accelerate the processes of 3D thermal
forming.
LED technology: The temperature in
LED headlights is higher than in conventional headlight systems due to the
compact design and power electronics.
The requirements profile for the housing components and especially for the
reflectors is clearly changing and can be
fulfilled with the help of radiation
crosslinking.
Vehicle power supply: To some extent,
electric vehicles are equipped with batteries with over 800 volts that can be
charged at quick charging stations with
up to 350 kilowatts. If a direct current is
used, the current can reach up to 500
amperes. Likewise, the energy transfer
from the battery to the drive requires
cable systems with large conductor
cross-sections and temperature-resistant
insulation materials that can be manufactured at reasonable prices by using
radiation crosslinking.
SUMMARY

Continually growing demands on low
fuel consumption, lower emissions and a
better CO2 balance call for lightweight
materials. Plastics are convincing due to
their lightweight potential, however,
depending on the application, they have
to withstand high temperatures and
extreme conditions. The process known
as radiation crosslinking lends itself to
qualify conventional plastics for corresponding purposes.
Radiation crosslinking optimizes the
mechanical, thermal and chemical properties of commodity and technical plastics by means of beta rays in such a way
that they take on the quality of high-performance plastics and are able to replace
them. Plastics components attain significantly improved properties with respect
to heat and wear resistance, stability and
creep behavior. In addition, they ensure
a considerably lower noise emission level
and do not require lubricants.
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