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This paper discusses the problem of the thermal properties of flame retarding addi- 
tives based on phosphazene derivatives and of the commercial agents Tomflam B, 
Flammex T23P and Stockhausen W-20949, as well as of flame resistant viscose fibers 
containing the above agents. Results of this investigation showed the action of Flam- 
mex T23P, Stockhausen W-20949 and phosphazene derivatives at lower temperature. 
Tomflam B acted within a much wider range of temperatures. The flame retardant 
additives applied to viscose fibers change the thermal properties of the fiber material. 

The recent years have seen a fast development of studies on the theory of the 
combustion of polymers and the problem of flammability retardation [1 -10] .  
The burning of polymers is a complex process, dependent on many factors. On 
heating, the polymer attains a temperature which is the initial temperature of  
pyrolysis. The pyrolysis mechanism and the rate of gas evolution have substantial 
effects on the flammability of  polymers [ 1 -6 ] .  This process is of  particular im- 
portance in the case of  cellulose fibers, which are important raw material for textile 
fabrics and which belong to the group of  fibers with the lowest resistance to the 
action of flame [5]. 

The process of combustion for cellulose runs in two stages: 

- flaming combustion, 
- glowing. 

The flaming combustion always precedes the thermal decomposition of cellulose 
[ 1 - 6 ,  11-16] .  Just over 140 ~ [17] cellulose begins to decompose into volatile 
products, among others a carbon mono- and dioxide, methanol, ethane, ethylene, 
propane and other, liquid and solid substances with a low degree of polymerization 
[18-21] .  Volatile products of pyrolysis and of the thermooxidizing decomposi- 
tion, which are evolved as vapors and gases, find their way to the air surrounding 
the fiber material where, if the critical concentration is reached, ignition takes 
place. Most often, the charred residue left after the thermal decomposition glows 
and undergoes slow combustion in the solid phase. 

The cause of ignition is the flammable low molecular weight substances evolved 
during the thermal decomposition process. The ease of material ignition depends 
on the nature of  the vapors and gases being formed. With cellulose one observes 
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a high yield of the volatile thermal decomposition products, reaching 8 0 -  90 % [6]. 
The flame retardants used must influence the combustion process so as to produce 
substances which do not support the flame. In an extreme case these retardants 
direct the pyrolysis process in such a way that the decomposition of cellulose 
during the combustion results in the formation of the end-products, i.e. carbon, 
carbon dioxide and water, before the formation of flammable products [1-6] .  

A correct assessment of the usability of flame retardants requires a knowledge of 
their thermal properties. A method which allows one to establish the processes 
taking place in fibers on heating and burning, and also to foresee the effects of 
introduced flame retardants, is thermal analysis [2-6 ,  11, 22-26].  

The aim of this work is to investigate the thermal properties of flame retardants, 
and of viscose fibers containing them. 

Experimental 

Thermal investigations were carried out with flame retardants which had been 
obtained by methods developed at the Institute of Man-made Fibers, Technical 
University of Lddz, as well as with commercial products. Their properties are 
given in Tables 1 and 2. In investigations we also used viscose filaments (110 dtex) 
produced by the addition of the above retardants. The flame retardant viscose 
fibers were produced by the introduction of flame retardants to the viscose before 
spinning. 

Thermal investigations were made with an OD-102 MOM derivatograph, using 
100 mg samples of the investigated materials in an atmosphere of air in the tem- 
perature range 20-500 ~ and at a heating rate of 10~ 

Results and discussion 

Investigations into the thermal properties of flame retardants allow one to 
describe the processes which occur in them during heating, and also to estimate 
the quantity of the evolved decomposition products which suppress the flame. 

Figure 1 shows the curves of the thermal changes which take place during heat- 
ing of the flame retardants used and also the different thermogravimetric progress 
of these changes. Figure 2 presents the thermogravimetric masses lost by these 
compounds. On the basis of the results shown in the thermal curves, it may be 
stated that in the case of (2,3-dichloropropoxy)chlorophosphazenes one observes 
a relatively small endothermic effect, which precedes a distinct exothermic effect, 
as the result of thermal decomposition of this compound. The occurrence of the 
endothermic effect may be explained by the probable isomerization of chloro- 
alkoxyphosphazene [24, 27]. A similar curve is obtained for (2,3-dichloropro- 
poxy) (ethylenediamine)phosphazene; this derivative displays a higher decomposi- 
tion temperature than that of the previous compound (Fig. 1, curves 1 and 3). 
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A different curve is observed for (2,3-dichloropropoxy)(n-butylamine)phospha- 
zenes; the exothermic effect connected with the decomposition reaction occurs at 
a lower temperature than in the previous cases, with the maximum at 247 ~ The 
subsequent endothermic bands, with maxima in the range 280-283 ~ may be 
interpreted as processes which take place between the decomposition products of 
this compound (Fig. 1, curve 2). 

In the case of Tomflame B, which is an organic phosphate containing a halogen, 
the exothermic effect interpreted as the decomposition of that compound takes 
place within the range 285-370  ~ with maximum at 350 ~ This effect is preceded 
by a small endothermic effect, with maximum at 245 ~ (Fig. 1, curve 4). 

The curve of Flammex T23P exhibits a broad band due to the endothermic 
effect within the range 115-  290 ~ This effect is assigned to the process of homo- 
lytic detachment of the bromine radical from this compound [24]. The decompo- 
sition of this agent takes place within the range 2 9 0 -  324 ~ (Fig. 1, curve 5). 

The course of the thermal changes for Stockhausen W-20949 differs from those 
for the previously discussed compounds. The curve shows two consecutive exo- 
thermic effects, with maxima at 185 ~ and 240 ~ The first effect can most probably 
be assigned to the transformation of the agent into polyphosporamide, and the 
second to the decomposition of this compound [16] (Fig. 1, curve 6). 

315 325" DTG 
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Fig. I. DTA and DTG curves of flame retarding additives: 1. (2,3-dichloropropoxy)chloro- 
phosphazenes; 2. (2,3-dichloropropoxy)(n-butylamino)phosphazenes; 3. (2,3-dichloropro- 
poxy)(ethylenediamino)phosphazenes; 4. Tomflam B; 5. Flammex T23P 6. Stockhausen 

W-20949 
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Pig. 2. TG curves of flame retarding addiuves: 1. (2,3-dichtoropropoxy)chlorophosphazenes; 
2. (2,3-dichloropropo• 3. (2,3-dichloropropoxy)(ethylene- 

diamino)phosphazenes; 4. Tomflam B; 5. Flammex T23P; 6. Stockhausen W-20949 

One of the most important characteristics of flame retardants for viscose fibers 
is their decomposition at a temperature lower than/or close to the temperature of 
decomposition of the fiber material, i.e. within the range 330 - 400 ~ All the investi- 
gated compounds had decomposition temperatures lower than/or close to the 
value characteristic for regenerated cellulose. This observation allows the conclu- 
sion that the compounds used as additives will be effective flame retardants for 
viscose fibers. 

It is important to know the mass losses of the investigated agents, which indicate 
the amounts of volatile products evolved on thermal decomposition. Data on this 
subject have been obtained by thermogravimetric analysis (Fig. 2). Tomflam B 
exhibited the greatest loss of  mass within the range of  decomposition temperatures 
for cellulose. Within a lower range of temperatures one observes a maximum loss 
of  mass for the remaining agents. 

The thermal investigations performed suggest the effectiveness of the agents as 
flame retarding additives for viscose fibers. 

To determine the changes occurring during heating of the viscose fibers pro- 
duced, their thermal properties were examined. The results are illustrated in Figs 
3, 4 and 5. 
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Fig. 3. DTA and DTG curves of viscose fibers containing: 1. (2,3-dichloropropoxy)chlorc- 
phosphazenes in a proportion of (in relation to the mass of cellulose): a) 8.4%; b) 14.5% 
2. (2,3-dichloropropoxy)(n-butylamino)phosphazenes in a proportion of 14.0~ in relation 
to the mass of cellulose; 3. (2,3-dichloropropoxy)(ethylenediamino)phosphazenes in a pro- 
portion of 12.1% in relation to the mass of cellulose; 4. Tomflam B in a proportion of (in 
relation to the mass of cellulose): a) 9.6%; b) 12.4%; 5. Flammex T23P in a proportion 
of (in relation to the mass of cellulose): a) 9.6 ~ ;  b) 11.8 %. 6. Stockhausen W-20949 in a pro- 
portion of (in relation to the mass of cellulose): a) 8.7%; b) 11.8%. 7. Without additives 

(standard fibers) 

In  the case of viscose fibers with additives, an endothermic effect precedes the 
exothermic one. The endothermic effect does not  occur with the s tandard fibers. 
This phenomenon  may be assigned to the reaction taking place between the 
phosphazene derivatives and cellulose. The products of this reaction decompose 
with an exothermic effect to yield non-f lammable  gaseous substances which ex- 
t inguish the flame. A similar phenomenon  is observed for viscose fibers which 
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Fig. 4. TG curves of viscose fibers containing: 1. (2,3-dichloropropoxy-chlorophosphazenes 
in a proportion (in relation to the mass of cellulose): a) 8.4 %; b) 14.5 %. 2. (2,3-dichloroprop- 
oxy)(n-butylamino.phosphazenes in a proportion of 14.0% in relation to the mass of cel- 
lulose; 3. (2,3-dichloropropoxy)(ethylenediamino)phosphazenes in a proportion of 12.1% 
in relation to the mass of cellulose; 4. Tomflam B in a proportion of (in relation to the mass 

of cellulose): a) 9.6%; b) 12.4% 

contain Tomflam B and Flammex T23P, where the endothermic effect is a result 
of the reaction of these compounds with cellulose, with simultaneous homolytic 
detachment of  halogen radicals. The assumplions regarding the processes of flame- 
proofing of viscose fibers with these agents are in agreement with the literature 
[15, 24]. 

Viscose fibers which contain an agent of  the type of Stockhausen W-20949 are 
also characterized by an endothermic effect on heating, which may be interpreted 
as the reaction of cellulose with phosphoramide with the subsequent decomposition 
of the compound formed [29]. The maximum of the endothermic effect varies, 
depending on the quantity and type of the agent added to the fiber (Fig. 3). This 
effect occurs at the following temperatures for the following additives: phospha- 
zene derivatives, 210-220~ Tomflam B, 222-250~ Flammex T23P, 208-211~ 
Stockhausen W-20949, 202-215~ The increase of  the phosphazene or Stockhausen 
W -  20949 content of the fibers lowers the temperature of  the maximum rate of  mass 
loss and the temperatures of  the maxima of the endothermic and exothermic effects 
(Figs 4 and 5). In the case of viscose fibers containing Tomflam B and Flammex 
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Fig. 5. TG curves of viscose fibers containing : 1. Flammex T23P in a proportion of (in relation 
to the mass of cellulose): a) 9.6%; b) 11.8%. 2. Stockhausen W-20949 in a proportion of 
(in relation to the mass of cellulose) : a) 8.7 %; b) 11.8 %. 3. Without additives (standard fibers) 

T23P, it is observed that the increase of  quantities in the fibers causes an increase 
of  the temperature of maximum mass loss and the temperature of the endotherm~c 
effect. This is most probably connected with the different courses of the thermal 
processes of  the fibers and the courses of the corresponding processes under the 
influence of these agents. The flame retardants investigated in the viscose fibers 
cause a decrease of  the temperature of the maximum endothermic effect, as evi- 
dence of the decomposition of the fiber material, and a decrease of the temperature 
of  the maximum mass loss rate in comparison to the standard fibers. 

The introduction of the agents into viscose fibers increased the residue remain- 
ing at 500 ~ from 9 % for standard fibers to ca. 20 % for fibers containing phospha- 
zene derivatives and Flammex T23P and to ca. 40 % for fibers with Stockhausen 
W-20949 and Tomflam B (Figs 4 and 5). This phenomenon results from the action 
of the flame retardants used, which control the thermal decomposition so as to 
produce non-flammable substances. 

Based on the thermal investigations on the viscose fibers, it may be stated that 
such flame retardants as Flammex T23P, Stockhausen W-20949 and phosphazene 
derivatives act at lower temperatures. Tomflam B acts within a much wider range 
of temperatures and is of undoubted merit in comparison with the agents discussed 
previously. 

J. Thermal Anal. 19, 1980 
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R~StJME -- Le prdsent article &udie le probl6me des propri6t6s thermiques des additifs 5- base de 
d6riv6s du phospha~+ne re tardant  l ' inf lammation et d 'agents commerciaux, comme Tomflam 
B, Flammex T23P et Stockhausen W-20949, ainsi que des fibres de viscose qui r6sistent 5. 
l ' inflammation et cont iennent  ces agents. Les r6sultats de l '6tude mont ren t  que Flammex 
T23P, Stockhausen W-20949 et les d6riv6s du phosphaz~ne agissent 5. temp6rature plus basse. 
Par contre, Tomflam B e s t  actif dans un plus large intervalle de temp6ratures. Les additifs 
re tardant  l ' inflammation utilis6s dans les fibres de viscose modifient les propridtds thermiques 
du mat6riel fibreux. 

ZUSAMMEr,TrASStJNG -- Es wird das Problem der thermischen Eigenschaften yon auf Pnosphazin-  
derivaten beruhenden Zfindverz6gerungsadditivs und handelstiblichen Wirkstoffen wie 
Tomflam B, Flammex T23P und Stockhausen W-20949, sowie obige Wirkstoffe enthal tende 
flammensichere Viskosefasern behandelt.  Die Ergebnisse zeigten die Wirkung von Flammex 
T23P, Stockhausen W-20949 und Phosphazinderivaten bei niedrigeren Temperaturen.  Hin- 
gegen war Tomflam B in einem viel weiteren Temperaturbereich wirksam. Die in Viskose- 
fasern angewandten zfindverz6gernden Addi t ive/ inder ten die thermischen Eigenschaften des 
Fasermaterials. 
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Pe3roMe - -  ]3 c r a T b e  o6cyz~neHa I l p o 6 ~ e M a  xepM~necKHx CBOHCTB no6aBoK 3aMe~InTeJIegt m~a- 
MeHI~, Ha OCHOBe ripo!,I3BO~lHblX qbocqba3eua H TaKItX rlpo~ax<HStX n p e n a p a T o B ,  KaK TOMqbJXgM E, 
~)213MMeKC T23H H IIIToKxayaea B-20949. Haps~y c 3TnM ~ccae~IoBaHa orI~eCTO~KOCT~ BnCKO3- 
I:IBIX BOJIOKOH, c o l l e p ~ a ~ g x  BbimeyKa3aHH~ie ~06aBK~.  Pe3yslbTaT• ricc~eAoBai~H~ rioKa3aJI~ 

orIpe~eaeHn~ aqb~beKT ~eficrBris q~a3~Mexca T23II, UIToKxay3epa B-20949 H npOnaBO)mb~x 
qbocqbaaeHa npri 6oaee nH3ro-~ TegrrepaType. B TO~e speM~ TOMqbn3M E oi~aa~,isaa ~le~cTsr~e 
B Ha~t6oaee I~pOXOM i~TepBaae TeMrlepaTyp. 3aMejInaTe~w ri:iaMen~, s s e / I e n n ~ e  B BrlCRO3Hgre 
BOYIOKHa~ II3MeHfl,riH HX TepM~IecKHe CBOfICTBa, 
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