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Fraunhofer LBF and BAM develop faster procedure for 
flame-retardant plastics  
 
Many modern plastic materials do not come without added flame protection. 
When developing new plastic compositions of this kind, the aim is to achieve an 
optimum combination of flame retardancy, processability and mechanical 
properties. Scientists from the Fraunhofer Institute for Structural Durability and 
System Reliability LBF and the Bundesanstalt für Materialforschung und –
prüfung (BAM) have demonstrated how this objective can be achieved more 
quickly. The researchers are proposing both accelerated procedures in 
processing and in the characterisation of fire behaviour. The numerous 
investigations within the scope of the research project entitled ‘Rapid 
Development of Flame Retarded Thermoplastic Polyurethane’ have generated 
valuable data. A particular application of these data is for medium-sized 
businesses to optimise their already existing or the development of new flame-
retardant formulations in the future. The results of the project thus contribute 
to safe products on the market. Fraunhofer LBF will be presenting more about 
flame retardants at the "K" trade fair from October 16 to 23, 2019 at Plastics 
Europe in Hall 7 SC 09. 

The increasing electrification of mobility and digitalisation of everyday objects is 
resulting in a greater demand for specialised materials. Thermoplastic polyurethane 
(TPU) as a high-performance material, is among these future materials. The market for 
these products is already valued at 1.5 billion euro, with experts expecting an annual 
growth of 5.3 percent until 2025. In addition to excellent qualities such as damping 
capacity, low-temperature flexibility, chemical stability and wear and abrasion 
resistance, these types of polymers also display thermal instability and light 
flammability, which makes the development of flame-retardant materials particularly 
demanding. At the same time, it is observed during the processing of TPU that a high 
shearing sensitivity results in a build-up of shear stress, which complicates a uniform 
dispersion of the flame retardant. The development of flame-retardant TPU 
formulations is therefore demanding and cost-intensive. 
 
In order to support industry with these challenges, scientists from the two institutes 
have cooperated for the project ‘Rapid Development of Flame Retarded Thermoplastic 
Polyurethane’. It is part of the ‘Industrielle Gemeinschaftsförderung und -entwicklung’ 
(IGF) programme of the Federal Ministry of Economics and Energy. 
 
With the so-called ‘Combinatorial Compounding/High Throughput Screening’ (CC/HTS) 
system, the researchers sought to achieve a meaningful characterisation of the 
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produced flame-retardant TPU formulations. The compound development was then 
significantly accelerated and, at the same time, made more resource-saving. 
 
Flame-retardant compounds with different formulations for three TPU base materials 
with different Shore hardness were manufactured. The goal was to define a 
specification sheet in which the material properties to be obtained were determined. 
The focus here was on the mechanical parameters, which were selected by the addition 
of flame retardants so that the influence on the mechanical parameters would be 
changed as little as possible. The rapid mass calorimeter was tested as a rapid method 
of fire behaviour analysis and all results were compared in detail with the 
corresponding measurements in the cone calorimeter. The accompanying investigation 
involved pyrolysis using thermoanalytical methods, such as thermogravimetric analysis 
coupled with the Fourier-transform infrared spectrometer, pyrolysis gas analysis and 
pyrolysis gas chromatography with mass spectrometry coupling.  
 
It was shown that the rapid mass calorimeter is suitable to evaluate the achieved flame 
retardance of any flame-retardant TPU. The different TPU types displayed only few, 
albeit significant differences, e.g. in the mass loss of the individual decomposition 
stages of pyrolysis and in the mechanics. Some formulations with nitrogen-based flame 
retardants showed mechanics in the pure material area. However, some proved to be 
surprisingly similar in terms of fire behaviour and flame retardancy. Comparisons within 
material sets based on the same flame retardant concepts – i.e. modes of action – 
showed excellent correlations.  
 
The knowledge gained can now be used directly by companies in the development of 
flame retardant formulations for TPU. Furthermore, the use of halogen-free flame 
retardants as part of the research project demonstrated synergies between various 
flame retardants, simplifying the development in companies in this growth market. The 
two research institutes are also on hand for industry beyond this specific project with 
their broad expertise as partners in the field of flame-retardant plastics. 
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An optimal combination of flame retardancy, processability and mechanical 
characteristics is the goal in the new development of plastic materials with additive 
flame retardancy. 
Photo: Fraunhofer LBF/Raapke 

Fraunhofer LBF in Darmstadt has stood for the safety and reliability of lightweight structures for more than 80 years. Today, with its expertise in the 
areas of structural durability, system reliability, vibration technology and polymer technology, the Institute provides solutions for three of the most 
important cross-cutting issues of the future: lightweight design, functional integration and cyberphysical mechanical engineering systems. The 
focus here is on solutions to social challenges such as resource efficiency and emission reduction as well as future mobility, like e-mobility and 
autonomous, networked driving. Comprehensive skills ranging from data acquisition in real operational field use to data analysis and data 
interpretation, in addition to deriving specific measures to design and improve material, component and system properties form the basis for this. 
Customers come from automotive and commercial vehicle construction, railway transport engineering, shipbuilding, aviation, machine and plant 
construction, power engineering, electrical engineering, medical engineering and the chemical industry. They benefit from the proven expertise of 
over 400 employees and cutting-edge technology accommodated in more than 11,560 square meters of laboratory and experimental space. 
About BAM 
As a BMWi departmental research institute, BAM performs research, testing and offers advisory support to protect people, the environment and 
material goods. Its activity in the fields of materials science, materials engineering and chemistry is focussed on the technical safety of products and 
processes. BAM’s research is directed towards substances, materials, building elements, components and facilities as well as natural and technical 
systems important for the national economy and relevant to society. It also tests and assesses their safe handling and operation. BAM develops and 
validates analysis procedures and assessment methods, models and necessary standards and provides science-based services for the German 
industry in a European and international framework. BAM sets and represents high standards for safety in technology and chemistry for Germany 
and its global markets to further develop the successful German quality culture "Made in Germany“. 
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