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2. TGA analyses up to 600 °C of the non treated sample 
(A) and the three treated samples (B-D) in N2 and O2 
atmospheres.  

ABSTRACT 
Flame Retardants (FR) are a group of anthropogenic environmental 
contaminants used at a relatively high concentration in many 
applications. The main objective of this work is to achieve a mitigation 
of the effects of flame retardants used in textile applications on the 
environment and human health. In the framework of the LIFE-FLAREX 
project, new, more ecological and healthy alternatives are being 
proposed. The application of thermal analysis techniques such as 
differential scanning calorimetry (DSC) and thermogravimetric analysis 
(TGA) have been used to asses the effectiveness of three different FRs 
to a 50/50 cotton/polyester fabric substrate. 

3- DSC 
Mettler-Toledo DSC 823 
Samples: 3 mg  
Aluminium pans with micro perforated lids. 
T range: 30 ⁰C to 500 ⁰C  at 10 ⁰C/min  
Atmosphere: 50 mL/min N2 flux. 

RESULTS 

(C) FLAREX 004-020 (Guanidinium phosphate) 

(B) FLAREX 004-047 (Ammonium sulfamate) (A) Non treated 

(D) FLAREX 005-3 (Ammonium polyphosphate) 

1. DSC () and TGA ( N2 and  O2 atmosphere) plots. 

Cotton 
decomp. 

Polyester 
decomp. 

Char 
pyrolisis 

Final 
residue 

Sample Atm. Td1 Dm1 Td2 Dm2 Td3 Dm3 Tdend mf600 

A 
N2 311.1 39.3 375.3 36.3 479.3   4.3 600 17.0 

O2 263.5 44.6 356.8 30.8 407.7 20.7 410   1.3 

B 
N2 240.6 30.5 341.6 35.8 476.5   4.6 600 25.4 

O2 238.9 28.2 286.7 15.6 364.1 51.9 393   1.4 

C 
N2 234.4 29.3 356.6 35.6 476.5   2.9 600 27.5 

O2 223.6 27.3 339.9 41.2 449.8 15.5 600 12.3 

D 
N2 197.9 25.0 320.6 38.2 480.7   2.6 600 27.6 

O2 193.7 25.0 291.1 43.0 436.8 17.9 600   7.3 

Tdi:  Initial temperature of decomposition expressed in ⁰C. 
Dmi : relative loss masses expressed in % of the three main steps related  
with cotton decomposition, polyester decomposition and char pyrolysis. 
mf600:  final residue at 600 ⁰C.  

CONCLUSIONS 
 

When applying FRs in PES/cotton blends, it must be  take into account the different behaviour of both components when mixed. The application of 
FRs makes a special protective effect on cotton, decreasing both the initial temperature of decomposition and the loss of mass corresponding to the 
cellulose degradation. 
 

The use of ammonium sulfamate (B) increases the final residue at 600 ⁰C in N2 atmosphere although no significant effect is observed in the reduction 
on O2 atmosphere. 
 

The application of guanidine phosphate (C) significantly increases the final residue yielding the lowest loss of mass in PES decomposition and char 
pyrolysis regardless the atmosphere in accordance with the highest final residues observed. 
 

The ammonium polyphosphate (D) 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 PES component is lower than that 
caused by guanidine phosphate explained by the lower final residue in O2 atmosphere, and greater loss of mass in PES degradation and char pyrolysis 
regardless the atmosphere. 
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INTRODUCTION 

The low thermal stability, easy ignition and rapid combustion of 
cellulose fibres represent a limitation in the production of textiles for 
fire protection when mixed with synthetic fibres. Consequently, the 
application of flame retardants has traditionally focused on its effect on 
cellulosic fibres. A large number of flame retardants have been used to 
decrease the combustible power of textiles and favour the release of 
inert volatile compounds [1].  

Currently, the largest marked group of FRs are brominated FR, and 
many of them are considered toxic, persistent and bio accumulative. 
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 [2]-[4]. The 
application of thermal analysis allows the determination of the FR 
effectiveness when applied to textiles [5]-[7]. 

OBJECTIVES 

The objective of this work is to evaluate the effect of 3 different non 
toxic and more environmental friendly FRs based on ammonium 
polyphosphate, ammonium sulfamate and guanidine  phosphate on 
the thermal behavior of a polyester/cotton 50/50 fabric through the 
application of DSC and TGA. 

METHOLOGY 

1-SAMPLES 
A) NT CO PES 50/50: the untreated mattress ticking used as reference 
material. 
B) Flarex 004-047: the mattress ticking containing 11 wt%  based on 
ammonium sulfamate. 
C) Flarex 004-020: the mattress ticking taking containing 20 wt% of the 
based on guanidine phosphate. 
D) Flarex 005-3: the mattress ticking absorbing 15 wt% of FR based on 
ammonium polyphosphate. 

2- TGA 
Mettler-Toledo TGA / SDTA 851e  
Samples: 10 mg  
Aluminium pans without lid. 
T range: 25 ⁰C a 600 ⁰C at 10 ⁰C/min. 
Atmosphere:  60 ml/min N2  or O2 flux. 

. 

The delays induced in the decomposition stages of the tissue and the 
variations in the peak temperatures that are associated to the different 
stages of decomposition have been analysed. The weight loss is 
consistent with the char  yield given by the micro-scale combustion 
calorimeter [8]. 
 

Factor 1: explains cotton degradation. It grows with Td1 and the loss of 
mass related to this step (Δm1). 
Factor 2: reflects the PES degradation and char pyrolysis. It grows with the 
increase of the final residue (mf600) and decreases with the increase of the 
loss of mass related to PES degradation + char pyrolysis (Δm2 + Δm3). 
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Factor 1: Cotton degradation 
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3. Factorial analysis of  TGA results in N2 () and O2 (). 
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