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Valorization addendum 
 

“Technology transfer” or “knowledge valorization” are the terms used for creating social and 

economic impact through transfer of scientific knowledge from laboratory to the pilot and 

industrial scale. In this Chapter, we will elaborate, what kind of benefits this dissertation will 

deliver to the society, and in which way, the results and important findings of this dissertation 

could be implemented in real life applications. The research in this dissertation is based on the 

exploitation of biodegradable and biobased intumescent flame-retardants for composites and 

textile applications. The conventional flame-retardants that seek to protect human lives sometimes 

bring more hazard than the benefit they possess therefore, a right balance needs to find between 

the benefits one can get and the risk potential one might face when selecting a flame-retardant. For 

example in conventional flame-retardants there is no protection mechanism to control smoke 

emission that goes to the environment and statistics show that, in case of a fire accident, the major 

cause of death is actually the smoke inhalation, as around 37-42% of fatalities each year in Europe 

are attributed to smoke inhalation alone [1].   

In our dissertation, we have proposed a technique through which smoke emission to the 

environment in case of a fire accident can be controlled by forming a char layer on the burning 

material ���������; fatalities due to smoke inhalation can be significantly reduced by this technique, 

which is a small contribution within our capacity to serve the society. Moreover, the other benefit 

with flame-retardants used in this dissertation is, if volatile compounds emitted from these flame-

retardants anyhow manage to escape to the environment, they will not be toxic to the environment 

since they are based on halogen free flame-retardants and the degradability of PLA will help faster 

biodegradation of the compounds. Some of the findings reported in the dissertation presents very 

promising prospective for the industrial scale up and valorization, especially, Chapter 5 and 6 

represents the novel approaches used to develop flame-retardant fibers and fabrics from 

intumescent technique. Particularly, in Chapter 5, flame-retardant carpet backing with novel 

bicomponent fibers from single polymer were produced with intumescent technique. In the 

following paragraphs, we will elaborate the potential valorization options for the new techniques 

we developed in this dissertation. 
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Now we will describe in what way the interesting results of this dissertation could be implemented 

to the industrial FR applications. One of the targeted application could be FR floor coverings, as 

Europe is the world’s second largest market for floor coverings. Belgium, the Netherlands, and the 

United Kingdom are the EU’s leading manufacturers, and EU manufacturing fulfils ~65% of the 

EU’s demand for floor coverings [2]. Since, EU floor covering companies are shifting their focus 

towards the sustainable, renewable and biodegradable flame-retardants; therefore, findings of this 

dissertation would be very interesting for such companies. We are delighted that Dutch and 

Belgian textile companies such as Low & Bonar B.V. (Arnhem, the Netherlands) and TWE 

Meulebeke BVBA (Meulebeke, Belgium) are already interested to scale-up this technology for 

their textile products, as their pilot scale infrastructure was used during the sampling of this 

dissertation. Moreover, both these companies are producing nonwoven carpet backings for their 

national and international customers therefore, FR carpet backing made from biobased and 

renewable resources will be a value addition for these companies. The results obtained in this 

dissertation may open doors also to the other textile applications such as FR home textiles, i.e. 

curtains, bedding, mattresses, seat covers in automobiles etc. For such textile applications, the 

minimum requirement for a textile fiber is to carry LOI value up to 28%, whereas in our 

dissertation, we have achieved LOI value up to 32% as tested by ISO 4589 standard testing method, 

therefore the FR fibers we developed in this dissertation may find their application in home textiles 

also. A Dutch textile company HAVEP B.V. (Goirle, the Netherlands) is producing FR work wear 

and FR fleece vest for the firefighter clothing and the results obtained in this dissertation could be 

quite interesting for them as well.  

Other than textiles, these flame-retardants can also be used in electrical and electronic (E&E) 

composite applications such as the composites made for computer and LED housing, laptop and 

mobile phone casings and the wire connectors in automotive. For example the company, “DSM 

N.V. Engineering Plastics” (Geleen, the Netherlands), found this idea very interesting for their 

wire connectors in automotive application. For this application, injection molded composites are 

produced which should possess at least V-1 rating in UL-94 vertical burning test, whereas in our 

dissertation we have developed composites that can achieve V-0 rating (even better) for such 

application as tested by ISO 9773 standard testing method. This idea was developed and tested 

during sample testing of some of the composite samples of this dissertation in fire testing lab of 

DSM N.V. Engineering Plastics in Geleen.  
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So far to the best of our knowledge, IFR’s have not been tested in bicomponent fibers therefore, 

in this dissertation we described a novel technique to develop bicomponent intumescent flame-

retardant fibers from single polymer composites containing reinforcement and a matrix from the 

same polymer but with two different grades to get uniform interface and better interfacial bonding 

between the components. These bicomponent flame-retardant fibers were then melted where low 

melting sheath material sticks with the high melting core component and form a fibrous nonwoven 

web, which then thermally bonded together to form a carpet backing. The ignitability test showed 

none of the fabric sample, produced from bicomponent fibers, was ignited after 15 (s) of flame 

exposure, and therefore, achieved classification of E and Efl as per the standards set for EN ISO 

11925-2 method. This classification certifies that the product can be used commercially for flame-

retardant floor coverings. 

Finally, these biodegradable flame-retardants are very cost effective and much cheaper compared 

to already used intumescent flame-retardants. For example, the carbon source used in conventional 

intumescent flame-retardants is pentaerythritol 99% (PER 99%), which is quite expensive, as its 

exact price is 52.20 € per 50 grams (supplier, Sigma-Aldrich Corporation, St. Louis-Missouri, 

USA). Whereas the price of kraft lignin (KL) used in intumescent formulations in this dissertation 

is 3.00 € per 50 grams (60 € per kg) (supplier, UPM Bio-chemicals OYJ Helsinki, Finland). The 

cost comparison of all components that are generally used in conventional IFR’s and IFR’s used 

in this dissertation is presented in Table 9.1. 

Table 9.1. Cost comparison of conventional IFR and of IFR used in the dissertation [3, 4] 

Materials Conventional 
IFR's 

Price (€) per 
kg 

IFR's used in 
this thesis 

Price (€) per 
kg 

Polymer PP 1.20 PLA 2.60 

Carbon source PER 99% 1040.00 KL 60.00 

Acid source Mg (OH)2 2.50 APP-II 2.20 

Price of all 
components   

1043.70 
  

64.80 

PLA= Polylactic acid 99% L-content, PP= Polypropylene melt grade, PER= 
Pentaerythritol 99%, KL= Kraft lignin, Mg (OH)2= Magnesium hydroxide, APP-II= 

Ammonium polyphosphate form II 
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Moreover, lignin is aromatic polymer and after cellulose is the most abundant natural polymer 

obtained from renewable and biobased resources whereas PER is a petrochemical obtained from 

finite resources. Not only the cost, but also performance wise the efficiency of KL was even better 

than PER in some of the properties. For example, in Chapter 3, flammability of IFR composites 

containing equal wt% of KL and PER were compared. Total smoke production (TSP) value of KL 

composites was almost half (103 m2/m2) to PER composites (209 m2/m2) containing equal wt% 

that shows even better efficiency of the composites containing KL than composites containing 

PER. These results strengthens our claim about reduction in smoke emission to the environment 

of the flame-retardants used in our dissertation.   

Regardless of some of the questions that still needs to be answered, for example, the washing 

fastness and washing durability of these intumescent flame-retardants still has to be investigated 

in detail. However, overall this dissertation resulted in the development of a technology, which is 

very useful for industrial flame-retardant applications, and has the potential to substitute 

conventional flame-retardants. 
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