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ABSTRACT FLAREX : PROJECT OBJECTIVES - PARTICIPANTS
Flame Retardants (FR) are a group of anthropogenic environmental contaminants used at a relatively high concentration in 
many applications. Currently, the largest marked group of FRs is brominated FR, and many of them are considered toxic, 
persistent and bioaccumulative. Non-halogenated alternatives are a possible solution for the problem, but there is a lack of 
knowledge concerning environmental impact, health risks during the production process and at final use.
The main objective of this work is the application of thermal analysis allows the determination of the FR effectiveness when 
applied to textiles (1, 2, 3).
In the framework of the LIFE-FLAREX project, new, more ecological and healthy alternatives are being proposed, and 
thermal stability determinations have been made by DSC and TGA to assess their effectiveness. In this work, the technique 
of determining the thermal stability of the new FR using a 50/50 cotton/polyester fabric has been developed.
The thermal behavior of cotton/polyester fabric, ammonium sulfamate and guanidine phosphate has been studied by DSC 
and TGA. Also the thermal behavior of fabrics treated with 15% of FR based on ammonium polyphosphate, 20% of FR based 
on guanidine phosphate and 11% of FR based on ammonium sulfamate have been analyzed.
The thermal characterization of the 50/50 cotton/polyester fabrics containing the three flame retardants has been carried 
out and the thermal stability results have been compared with that of the untreated fabric to assess their performance. The 
delays 

LIFE-FLAREX AIMS TO CARRY OUT AN ANALYSIS OF THE 
ENVIRONMENTAL IMPACT OF THE BEST 
TECHNOLOGIES CURRENTLY AVAILABLE THAT ARE 
ALTERNATIVE TO TOXIC FLAME RETARDANTS (FRS) 
USED IN TEXTILE FINISHING PROCESSES. 

THE PROJECT WILL CONCENTRATE ON THOSE THAT ARE 
HALOGENATED, CONTAIN ANTIMONY OR ARE 
FORMALDEHYDE-RELEASING, AND DEMONSTRATE 
WHICH ARE THE BEST ALTERNATIVES: THE LESS TOXIC 
AND WITH LOWER ENVIRONMENTAL IMPACT BUT AT 
THE SAME TIME THOSE THAT WILL KEEP THE REQUIRED 
PROPERTIES OF THE FABRIC.

INTRODUCTION
The low thermal stability, easy ignition and rapid combustion of cellulose fibres represent a weaknesses and limitation in the production of fire-
protective textiles when they are blended with synthetic fibres. Consequently, the application of flame retardants has been traditionally focussed on 
their effect on cellulosic fibres. A great number of flame retardants have been used in order to decrease the combustible power of textiles and favour 
the release of inert volatiles [1]. The toxicity and the environmental impact of flame retardants based on bromide, formaldehyde and antimony, turn 
aside the interest for flame retardants based on other more healthy and environmental friendly alternatives.
The application of flame retardants in the most common used polyester/cotton blends needs to be into account the different behaviour of both 
components when blended. The application of thermal analysis techniques like differential scanning calorimetry (DSC) and thermogravimetric 
analysis (TGA) lead to results thatare in accordance with those of the heat release rate given by a micro-scale combustion calorimeter MCC related by 
Qin Chen and Tao Zhao [2].

The objective of this work is to 
evaluate the effect of three different 
non toxic and more environmental 
friendly flame retardants based on 
ammonium sulfamate, ammonium 
polyphosphate and guanidine 
phosphate, on the thermal behaviour
of a polyester cotton 50/50 fabric 
through the application of TGA and DSC 
thermal techniques.

1- DIFFERENTIAL SCANNING CALORIMETER (DSC) 
Mettler-Toledo DSC-823
Samples: 3 mg 
Microperforated aluminium pans for internal pressure control, in order to 
let the water and other volatiles be completely removed from testing pans 
[2]. 
Temperature: 30ºC to 500ºC Gradient: 10ºC/min - 50 mL/min of N2 flux.
thermal transition temperatures and changes of heat releasing during 
thermal degradation

2- THERMO GRAVIMETRIC ANALYSIS (TGA) 
Mettler-Toledo TGA / SDTA 840 
Samples: 10 mg 
Completely open aluminium pans
Temperature: 25ºC a 600ºC 
Gradient/Flux10ºC/min under a N2 flux of 60 mL/min and O2
flux of 60 mL/min.
weight losses along the thermal decomposition 

EXPERIMENTAL METHODOLOGY
3- SAMPLES:
a) NT CO PES 50/50: the untreated mattress ticking used as reference material.
b) Flarex004-047: the mattress ticking containing 11 wt% of the flame retardant 
based on ammonium sulfamate.
c) Flarex004-020: the mattress ticking taking up 20 wt% of the flame retardant 
based on guanidine phosphate.
d) Flarex005-3: the mattress ticking absorbing 15 wt% of the flame retardant 
based on ammonium polyphosphate.

RESULTS (mattress ticking of polyester/cotton plain weave of 177 g/m²): DSC ( ) TGA in N2 atmosphere ( ) TGA in O2 atmosphere ( ) 

117,2ºC, water evaporation in CO
253,3ºC, PES melting
333,3ºC, CO degradation endoth.
350,4ºC ,CO degradation exoth.
446,0 ºC ,PES degradation      

NON TREATED AMMONIUM SULFAMATE GUANIDINE PHOSPHATE AMMONIUM POLYPHOSPHATE

CONCLUSIONS
The application of the thermo gravimetric analysis TGA and the differential scanning calorimetry DSC to evaluate the effect of three different non toxic and more environmental 
friendly flame retardants based on ammonium sulfamate, ammonium polyphosphate and guanidine phosphate, on the thermal behaviour of a polyester cotton 50/50 fabric 
enable to conclude the following:

 The application of the flame retardants makes a special protective effect on cotton, decreasing both the initial temperature of decomposition Td1 and the loss of mass Δm1
corresponding to the cellulose degradation.

 The Ammonium Sulfamate increases the final residue at 600ºC mf600 in N2 atmosphere although no significant effect is observed in the reduction on O2 atmosphere.
 The Guanidine Phosphate significantly increases the final residue yielding the lowest loss of mass in polyester decomposition and char pyrolysis regardless the atmosphere 

in accordance with the highest final residues observed.
 The Ammonium Polyphosphate showed the highest protective effects on cotton, because it causes the highest reduction in the initial temperature of decomposition and on 

the corresponding loss of mass regardless the atmosphere. Its protective effect on the polyester component is lower than that caused by guanidine phosphate explained by 
the lower final residue in O2 atmosphere, and greater loss of mass in polyester degradation Δm2 and char pyrolysis Δm3 regardless the atmosphere.
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FACTORIAL ANALYSIS

DSC

1st step: cellulose   
decomposition
2nd faster loss: PES 
decomposition
3rd step: char pyrolysis

TGA

239,7ºC reaction between Amm. 
Sulf. And cellulose

251,7ºC, overlapped PES melting
and cellulose decomposition

DSC
 Temp of decomposition
 Volatile compounds

(in comparison with NT)

TGA

127,0ºC, moisture
209,3ºC, cellulose decomposition
252,5ºC,PES melting
283,4ºC, new reorganization
348,0ºC cellulose demcompsotion
394,3ºC, PES decomposition

DSC
Exotherm due formation 
of new structure.
 Final residue

(in comparison with NT)

TGA

185,2ºC, new structure
253,1ºC, PES melting ( energy)
262,1ºC and 272,9ºC, new 
formation
411,8ºC new formation degradation

DSC
New structure 
decomposition.
PES melting, cellulose 
melting and new structure 
overlapped

TGA


