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Abstract 

In this study, a bifunctional 3-glycidoxypropyltrimethoxysilane (GPTMS) precursor, 

containing methoxysilyl groups and an epoxy group, has been used to synthesize a 

hybrid organic-inorganic coating for textile finishing. It has been chosen because it 

combines excellent properties like the possibility to immobilize specific molecules 

(through the reactive epoxy group) and the binding capacity with the textile surface 

(through the hydrolyzed Si-OH groups). This immobilization technique has been 

studied previously [1, 2] and here it has been employed in order to prepare thin films 

in the presence of Boehmite nanoparticles (AlOOH). The thermal properties and 

flame retardancy of the so-treated polyester fabrics (PET) have been assessed by 

using thermo gravimetric analysis and vertical flame spread test, respectively. In 

addition, the morphology and surface composition of untreated and treated samples 

have been evaluated by Scanning Electron Microscopy (SEM) coupled with elemental 

analyses by EDX (Energy Dispersive X-ray). Figure 1 shows the SEM images of 

untreated PET and PET treated with GPTMS-Boehmite sol. 

 

 
Figure 1. SEM micrographs of untreated and treated PET samples. 

The treated fibers show a uniform distribution of microaggregates attributable to 

both the silica component and the nanoparticles of Boehmite, according to the EDX 

analysis. The thermal and thermo-oxidative stability of untreated and treated fabrics 

has been studied by thermogravimetry in nitrogen and air, respectively, indicating a 



 

 

modification of the thermo-degradation process compared to untreated PET, 

especially in air. In particular, the presence of the GPTMS-B coating turns out to 

anticipate the PET degradation process, favoring the formation of higher amount of 

thermally stable carbonaceous residue compared with that left by untreated PET. 

The analysis performed on the samples treated with Boehmite and with GPTMS 

show that the GPTMS is the effective element of the mixture that acts in the char 

formation. Melt dripping is one of the most important problems related to the 

combustion of polyester: indeed, the melting and flaming drops can either remove 

the polymer fuel from the burning region, hence stop further burning, or act as 

secondary ignition source [3,4]. In the continuous seeking of a good flame retardant 

for PET, a species able to stop this phenomenon is of fundamental importance. In 

Table 1 shows the results of vertical flame spread tests performed on the untreated 

sample and on PET treated with Boehmite (PET-B), GPTMS (PET-GPTMS) and GPTMS-

B (PET-GPTMS-B).  

 
Table 1. Flammability data of untreated and treated polyester samples. 

Sample tdrop (sec) 
tcombustion 

(sec) 
Residue (%) 

Pictures of the 

samples at the 

end of the test 

PET 8 12 20 

 

PET_B 9 22 21 
 

PET_GPTMS // 56 28 

 

PET_GPTMS-B // 34 37 

 
 

The best result has been obtained with the sample treated with GPTMS-B that acts 

as a smoke and dripping suppressor and gives a higher final residue compared to the 

other tested samples. In addition, the final residue left by PET-GPTMS-B is consistent 

because of the deposited coating. Indeed, SEM observations have shown that, during 

combustion, the texture is maintained and the coating is able to protect the fibers 

from fire. As a consequence, the fibers are partially consumed on the surface but the 

coating is still visible, as confirmed by EDX analysis. In conclusion, PET flammability 

did not change in a remarkable way after the treatment with 1 or 2 layers of only 

Boehmite, regardless of a reduction of the burning rate and a subsequent increase 

of the final residue. The treatment of the fabrics with a sol containing both Boehmite 



 

 

and GPTMS has strongly enhanced the flame retardancy of the polyester, as 

confirmed by the increase of the final residue and by the dripping suppression as 

well. Thus, the proposed halogen-free and environmentally-friendly flame retardant 

finishing, which does not involve phosphorus, nitrogen or heavy metals, might be 

advantageously used in traditional wet chemical applications. 
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