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Figure 2 Corrected volume strain versus axial strain for the creep 
at 23°C of GFPA 66 specimens machined from ASTM bars. Dry into 
distilled water: O, 88.7 MN/m2; A, 70.1 MN/m2; [3, 46.0 MN/m 2. Dry 
into air at 50% r.h.: x, 70.1 MN/m2; +, 46.0 MN/m 2. Equilibrated to 
and tested in air at 50% r.h.: -- -- - ,  42.7 MN/m2; ,29.2 MN/m 2 

Figure 2 plots volume strain against axial strain for the ten- 
sile creep of GFPA 66 specimens machined from ASTM bar 
injection mouldings. Data are presented for initially dry speci- 
mens creep tested in distilled water at 23°C at three stress 
levels using apparatus and materials described elsewhere 3. 
The data have been corrected for the strain responses of a 
specimen immersed in water under zero load. These data are 
compared with zero load corrected volume strain results for 
similar specimens tested at two other environmental condi- 
tions. Details are given in the Figure caption. (It should be 
noted that corrected volume strains are the algebraic sum of 
six independently measured strains; i.e. the uncorrected creep 
and the zero load swelling strains in the axial, thickness and 
width directions.) 

The creep tests in the air environments all show a gradual 
decrease in the volume strain (corrected for swelling and/or 
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ageing effects) with increasing axial strain (and creep time). 
This may be associated with some structural re-ordering of 
the polymer matrix during creep as has been described else- 
where for polypropylene 4. 

Daring creep of initially dry GFPA 66 specimens in dis- 
tilled water, the corrected volume strains show a different 
behaviour, with a large increase in volume strain occurring 
with increasing axial strain. Similar results have also been 
noted for unfilled PA 66 specimens from ASTM bars and for 
GFPA 66 specimens from edge-gated disc injection 
mouldings s. 

One possible explanation for this behaviour is that the 
diffusion coefficient for initially dry GFPA 66 and PA 66 in 
distilled water may be stress dependent. Thus the corrected 
volume strain, which has been corrected on the basis of swell- 
ing strains measured under zero load, may still reflect an 
enhanced swelling due to an increased water absorption with 
applied tensile stress. However, some work on polyamide-6 
in humid (rather than aqueous) environments has not revealed 
any marked stress dependence of the diffusion rate 6. 

In conclusion, the measurement of volume strains during 
tensile creep in liquid environments may provide an intrigu- 
ing means of gaining further insight into the mechanism of 
deformation of polymers in liquid environments. This ap- 
proach would seem to merit further investigation. 

References 

1 

2 

3 

4 
5 

6 

G. R. Smi th  and M. W. Da r l i ng ton  
Department of Materials, 

Cranfield Institute of  Technology, 
Cranfield, Bedford, MK43 OAL, England 

Bucknall, C. B. 'Toughened Plastics' Applied Science Publishers, 
London, 1977 
Darlington, M. W. and Clayton, D. 31st Antec SPE, Montreal, 
1973 
Smith, G. R. and Darlington, M. W. Paper submitted to Plastics 
and Rubbers: Materials and Applications 
Benham, P. P. and Mallon, P. J. J. Strain Analysis 1973, 8,277 
Smith, G. R. Ph.D. Thesis, Cranfield Institute of Technology, 
1976 
Hunt, D. G. PhD Thesis Polytechnic of the South Bank, 
(C. N. A. A. ) 1977 

T h e r m a l  d e c o m p o s i t i o n  o f  f l a m e  re tardants .  C h l o r i n e - b r o m i n e  an tagon ism in m i x t u r e s  

o f  ha logena ted  p o l y m e r s  w i t h  S b 2 0 3  

The interaction of antimony oxide with halogenated poly- 
mers, or polymers containing halogenated additives, con- 
stitutes the classic case of flame-retardant synergism. The 
evidence points to the formation of volatile flame-retardant 
SbC13 or SbBr 31,2 as the basis of the antimony-halogen 
synergism. 

In fact, when HC1 or HBr are evolved from the pyrolys- 
ing halogenated materials, they react steadily with Sb203 to 
form SbC13 or SbBr31-5 

Synergism between chlorine and bromine in presence of 
Sb203 has also been investigated 3'6 and, surprisingly, the 
results obtained showed that when bromine is present, the 
chlorine-antimony combinations become ineffectual. This 
unexpected antagonism between the two halogens sugges- 
ted 3' that a different extinction mechanism may operate; 

that chlorine and bromine may differ qualitatively in respect 
to flame-retardancy performance, and that it may be mislead- 
ing to generalize about 'halogens '3. 

We have previously 7'8 found that direct pyrolysis in the 
ion source of a mass spectrometer can provide useful infor- 
mation on the volatile species evolved during the thermal de- 
composition of polymeric materials permitting determination 
of the decomposition mechanism. 

Therefore, we have used this technique in order to detect 
the volatile decomposition products formed heating mixtures 
of poly(vinyl bromide) (PVB) with Sb20 3 and poly(vinyl 
chloride) (PVC) or poly(vinylidene chloride) (PVC2). 

The PVC and PVC2_samples used in this study were pure 
homopolymer resins (Mn = 37 000 and 18 000, respectively) 
supplied by Borden Chem. Co. PVB was obtained by suspen- 
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Table I Maximum temperature ( °C)  of the volat i l izat ion rate profiles for  relevant species and for  the total ion current (TIC) 

Composition a 
Mixture (molar ratio) HCI HBr SbCI3 SbBr3 Sb4 TIC 

P V B / P V C 2  1 : 1 2 1 0  160  - -  - -  - -  2 0 0  
P V B / P V C 2 / S b 2 0 3  1 : 1 190  180  170  180  160  1 8 0  
P V B / P V C  1:4  250  170  - - - -  2 5 0  
P V B / P V C / S b 2 0 3  1:4 2 3 0  2 3 0  215  210  2 0 0  2 3 0  
P V B  - -  - -  140 - -  - -  - -  140 
PV B/Sb2 0 3 - - -  185  - 170  165  180  

a 5% (w/w) Sb203 is the amount added to the polymers in all cases 
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Figure I Intensity of  relevant mass peaks as a function of 
temperature for PVB/PVC/Sb203 
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sion polymerization of vinyl bromide (EGA Chemic); intrinsic 
viscosity (cyclohexanone, 30°C), 0.3 dl/g. Sb203 (Timonox 
White Star) was obtained from Associated Lead. Mixtures 
were prepared by mixing the polymers mechanically with 
finely ground Sb203 ; their composition is given in 
Table J. 

Pyrolyses were carried out in quartz probes using the 
direct insertion inlet of  an electron impact mass spectro- 
meter LKB-9000S following the technique described else- 
where4'%s; the heating rate was about 10°C/min. 

The mass spectra of the pyrolysate of Sb203-PVB mix- 
ture were recorded up to about 400°C. In the temperature 
range of 150°-250°C, HBr appears as the most intense peak, 
while the presence of SbBr3 is indicated by the appearance 
of the peaks corresponding to Sb +, SbBr +, SbBr~ and 
SbBr~. In addition, there is a peak at m/e 484, accompanied 
by the characteristic isotopic pattern, corresponding to the 
Sb~ species 4. At temperatures as high as 350°C peaks gene- 
rated by the thermal degradation of PIB appear. These are 
clearly aromatic fragments and are essentially those observed 
in previous m.s. reports for PVC 4,s. The mass spectra relating 

to the pyrolysate of Sb203-PVB-PVC mixture show the 
simultaneous formation of SbBr3, SbBr2C1, SbBrC12 and 
SbCI3 species. Except ~s for SbCI3, this is the first direct evi- 
dence for the presence of these species in the gas-phase. 
However, the intensity of the chlorinated fragments is much 
lower than the corresponding brominated species, as shown 
by their volatilization profiles in Figure 1, despite the 
fact that the molar ratio HCI/HBr is four to one in favour 
of HCI in this mixture (Table 1). Essentially the same results 
were obtained in the case of the Sb203-PVB-PVC2 mix- 
ture (Table 1). 

Our data indicate that both HBr and HC1, evolved during 
the pyrolysis of  PVB, PVC, and PVC2, react steadily with 
Sb20 3 to form SbBr 3 and SbCI3, respectively. However, 
when both acids are present, although they are evolved simul- 
taneously, HBr reacts so quickly with Sb20 3 that only small 
amounts of SbC13 are formed. This explains the apparently 
puzzling observation 6 that the chlorine-antimony synergism 
becomes ineffective in the presence of bromine. 

Although it is well recognized 9 that HBr is about five 
times more effective than HCI as a flame retardant, the higher 
reactivity of HBr towards antimony had passed unnoticed 
up to now. 

Therefore, we can conclude that a uniform mechanism 
of flame-retardancy applies to the halogens, and that the 
observed chlorine-bromine antagonism towards antimony 
is consistent with this mechanism. 

ACKNOWLEDGEMENT 

Financial support from the C0nsiglio Nazionale delle 
Ricerche, Rome, is gratefully acknowledged. 

A. Ballistreri, S. Fot i ,  G. Mon taudo ,  
S. Pappalardo and E. Scamporr ino 

Ist i tuto Oipartimentale d i  Chimica e Chimica Industriale, 
Universit~ di  Catania, Viale A. Doria 6, 95125 Catania, Italy 

(Received 28 December 1978) 

References 

1 Pitts, ]. J. in 'Flame Retazdancy of Polymeric Materials', (Eds. 
V. C. Kuryla and A. J. Papa) Dekker, N.Y. 1973, 1,133 

2 Flame-Retardant Polymeric Materials; (Eds. M. Lewin, S. M. Atlas, 
and E. M. Pearce) Plenum Press, N. Y. 1975 and references therein 

3 Weil, E. D. in reference 1, 3, 185 
4 BaUistreri, A., Foti, S., Montaudo, G., Pappalardo, S. and 

Scamporrino, E. J. Polym. Sci., Polym_ Chem. Edn. 1979 in press 
5 Lum, R. M. Z Polym. Sci. Polynt Chem. Edn. 1977, 15,489 
6 Cleaver, R. F. Plastics and Polymers 1970, June, 198 
7 Luderwald, I., Montaudo, G., Przybylski, M. and Ringsdorf, H. 

Makromol. Chem. 1974, 175, 2423, 2441; 1975, 176, 1753, 
1763 

8 Caccamese, S., Maravigna, P., Montaudo, G., Przybylski, M. 
J. Polym. Sci. Polym. Chem. Edn. 1975, 13, 2061; 1977, 15, 5 

9 Rosser, W. A., Wise, A. and Miller, J. in 7th Symposium on 
Combustion, Butterworths, 1959, London p 17 

784 POLYMER, 1979, Vol 20, June 


