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Abstract: 

In the present paper we report on our preliminary investigations on the passive fire protection 

property of potato starch on cellulosic substrates, such as on hard and soft wood. The primary 

aim of the study was to identify the effectiveness of the starch component of a novel and 

commercially available fire-fighting agent, based on starch, named Gel Feu, which is a 

product from a commercial firm based in France. Their in-house experiments have 

demonstrated the effectiveness of several formulations, made from Gel Feu, both a an active 

and as a passive fire fighting agents, especially, for protecting cellulosic materials, thus 

highlighting their potential as an environmentally-friendly alternative to compact wild land 

fires. The fire retardancy properties of potato starch formulations, when applied on wood 

materials, were evaluated using TGA, DSC and a Bench-cone calorimeter (BS 476-13: 1987). 

In the former tests, the fundamental physio-chemical processes accompanying the thermal 

degradation of a variety of cellulosic materials were evaluated, where as reactions to a pre-

determined thermal insult, ignition and fire intensity characteristics of virgin and coated wood 

substrates were assessed through the latter measurements. The results obtained so far  

highlighted the efficiency of a potato starch coating, especially, in increasing the times to 

ignition, and also in reducing the flame intensities as reflected by the reduced flame heights. 

The best way to demonstrate the efficiency of potato starch was found to be through the 

application of its colloidal solutions in water. Since potato starch is an easily available, cheap, 

biodegradable and an environmentally-friendly product, and that it has a significant effect on 

wood fires, further studies/developments in this area are highly desirable. 

Key words: Passive fire protection; Cellulosic materials; Starch; Bench-cone calorimeter 

Introduction 

Wild land fires are well known for being becoming quickly uncontrollable and very difficult 

to deal with. Moreover, the most conventionally used fire fighting agent, i.e. water, is not very 

efficient on fires of such a magnitude, as they are associated with huge emissions of thermal 

energy that generally cause water to evaporate of well before it reaches the flaming zone. 

Therefore, generally and especially with aerial means of fire fighting, it is customary to 

employ water containing other fire retardant additive(s), or the disposal of powdered fire-

fighting chemical themselves [1].  

Even though the above methodology is generally found to be more effective in fighting wild 

land fires, it would concomitantly introduce other issues, notably, those pertaining to 

environmental impacts of the chemical additives used. Therefore, it is prudent to find 

alternative and efficient formulations that contain environmentally-friendly components. At 

present, not many such alternatives are in use, even as forest fires tend to become more 
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important issue globally. Recently, a commercially available formulation based on starch, 

namely Gel Feu, from a company based in France, is claimed to process the desirable 

properties, especially, to fight against wild land fires. Therefore, with a view to testing the 

effectiveness of starch, especially, as a passive fire fighting agent, we have conducted some 

preliminary degradation and flammability studies on controlled as well as modified substrates 

based on cellulose, such as soft and hard wood. 

Materials and methods 

The starch was extracted from a particular variety potato, the New Season Comber Potato, 

which was sourced locally. The process briefly involved peeling, shredding, extraction with 

water, and finally drying the white product at 60oC for about 48 hours in a vacuum oven. 

Planks of soft wood and hard wood (Nordic Spruce) were initially conditioned at ca. 20oC and 

at a Relative Humidity of ca. 55%, and were cut into plaques of approximately 10 cm × 10 cm 

× 1 cm in dimension. The TGA runs were carried out in a SDTA 851e analyser and the DSC by 

using 1 STARe calorimeter. In both cases, ca. 10 mg of samples were heated from 30 to 600oC, 

under an atmosphere of nitrogen (at a flow rate of 40 cm3 min-1), at a heating rate of 10oC 

min-1. The flammability characteristics of the samples were evaluated using a Bench-cone 

calorimeter in conformance with BS 476-13: 1987. A heat flux of 30 k Wm-2 was employed, 

and ignition of the samples was effected by using an electric spark as the pilot. 

 

Results and discussion 

It could be inferred from the thermograms obtained through the TGA runs that the 

degradation behaviours of the soft and hard variety of the wood were very similar. In both 

cases, after the initial phase of dehydration (around 100oC), the main degradation occurred 

between 200-300oC, and left between 15 and 20 wt.% of char residues. The DSC traces were 

also similar, with distinctive peaks indicative of phase changes around100, 300 and 400oC. 

These observations were, broadly, in agreement with those reported in the literature [2]. In the 

case of starch, whilst the TGA thermogram very closely resembled with those obtained for the 

wood samples, the DCS trace has noticeable differences. In the former case, the DSC 

thermogram showed several peaks, both endothermic and exothermic, and the main 

transitions were centred between 250 to 500oC. 

 

In order to evaluate any possible effect of starch on the degradation behaviours of the wood 

samples, TGA and DSC runs were repeated with 80/20 mixtures (wt.%) of wood samples and 

the starch. The thermograms thus obtained were then compared with the theoretical curves 

obtained through ‘electronic’ additions of the individual experimental curves for the 

individual components though a proprietary software. In both cases (i.e. for both TGA and 

DSC curves), there were noticeable differences between the theoretical curves and the 

experimental ones. This could be attributed to some sort of physio-chemical interaction 

between the cellulosic matrices and the starch, and hence it appears that such interaction(s) 

could account for the potential passive protection of these substrates by starch, as revealed in 

subsequent flammability tests. 

 



Initially, with the bench-cone set up, several untreated wood samples were tested to check the 

reliability and repeatability of the test protocol. The main parameters of interest were the time 

to ignition, total burning time, mass loss rate, mass residue and the flame height. The flame 

heights from each tests were measured using a ruler and by observing them visually. In order 

to identify any possible effects of water from the coating applications on the 

degradation/burning behaviours of the wood samples, some control runs were also done with 

wood plaques after spraying their surfaces with approximately the same amount of water (ca. 

3 cm3) as used to prepare the wet formulations of starch. 

 

The results suggest that there was a good degree of precision and therefore acceptable levels 

of reproducibility, between the various trial runs. In addition, the application of just water 

onto the surface of the wood samples did have any significant effects on their flammability 

parameters as compared with the dry, pre-conditioned samples. However, in the case of those 

samples which were coated with starch (both dry and wet coatings) had a significant effect on 

the burning behaviour of the wood samples, especially, in terms of the times to ignition and 

flame heights. In fact, the times to ignition increased smoothly with the increase in the 

amounts of starch used for coating (hence with the differences in the thickness of the 

coatings), and concomitantly the overall flame height decreased. The surface of the treated 

samples also appeared to be different in that the starch seems to produce an ‘intumescent 

type’ characteristic, thus reflecting the behaviour of starch noted through the small-scale 

experiments. It should be also noted here that there were no significant differences in the 

burning rates, or indeed the masses of the residues, between the treated and untreated 

samples.  

 

The results so far indicate the potential capacity of the starch coatings to passively protect 

underlying cellulosic matrices. However, more quantitative information is highly desirable for 

these systems, particularly, regarding the heat release (their total and peak values, and rates), 

production of CO, CO2, smoke and other toxic products of combustion, etc. We intend to 

decipher such information by repeating the tests in an oxygen consumption cone calorimeter 

(BS 5660). In addition, we are also interested in the influences, if any, of the morphology and 

method application/curing of the starch formulation in protecting wood. Finally, we also plan 

to conduct appropriate laboratory-scale tests to evaluate the active fire protection capacities of 

starch formulations, either as powders or as colloidal solutions, on some standard fire types. 
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