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Abstract: Four compounds of haloorganophosphonates(III) ,namely; (CH3)4N[C2H5PCl2Br] (I), 
(CH3)4N[C6H5PCl2Br] (II), (CH3)4N[C6H5PCl3] (III) and (CH3)4N[C6H5PBr3] (IV) were prepared and 
characterized by FTIR spectroscopy, CHN analysis and conductive measurements .These compounds 
were used as flame retardants for epoxy and unsaturated polyester resins in the percentages of (1, 3, 5 
and 7%) according to three standard methods (ASTM). All of these compounds were effectively 
reduced the flammability and combustion of the resins. Additive IV was the most active one 
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Introduction 

Products manufactured from polymers find many uses and add greatly to the quality of 
modern day life. However, major problems arise because most of the polymers on which 
these materials are based are organic and thus flammable. In the UK alone some 800-900 
deathly and roughly 15000 injuries result from fire each year1. Composite materials include 
those formed by the combination of two or more materials to achieve properties that are 
superior to those of its constituents. The design goal of a composite is to achieve a 
combination of properties that is not displayed by any single material and also to incorporate 
the best characteristics of each of the component materials2. Composite materials have been 
slowly replaced steel and aluminum alloys for a wide range of applications such as 
construction, transportation, aerospace, aircrafts, automobiles, …etc3-4. Although these 
products have numerous advantages, they are poorly resistant to fire and organic solvents 
due to the nature of the polymeric matrix5. The reaction of these materials to fire was faced 
by developing many ways in order to reduce such reaction, e.g. modification of the polymer 
backbone or incorporation flame retardant into polymer6-7. 

      The addition of flame retardant improves the flame resistance, inhibiting the exothermic 
reaction in the gas phase via radical scavenging, then by reducing the energy feed back to 
the polymer surface. Another mechanism of the flame retardant work is by the formation of 
char as a thermal barrier at the surface of the condensed phase which blocks the liberation of 
gaseous fuel and prevents the fire back to the burning polymer8. 
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      Finally the epoxy and unsaturated polyester resins are any such a widespread use, especially 
with very interesting industrial applications due to their good properties and low cost. 

Experimental  
Materials  
A- Polymers 

1. Epoxy Resin, type (CY 223), hardener type (HY956) from Ciba Geiga Co. 
2. Unsaturated polyester resin, hardener type (MEKP) from The United Arab 

Emirates. 
B- Flame retardants  

1. (CH3)4N[C2H5PCl2Br] 
2. (CH3)4N[C6H5PCl2Br] 
3. (CH3)4N[C6H5PCl3] 
4. (CH3)4N[C6H5PBr3] 

These additives were prepared according to methods reported by Jalil9, and 
characterized by FTIR spectroscopy, CHN elemental analysis, atomic absorption and 
conductivity measurements. Also their melting points were determined. 

Flame retardants measurement techniques 
Three techniques were employed to measure the efficiency of the flame retardants which 
are: 
 1. Limiting Oxygen Index (LOI):- According10 to ASTM-D 2863. LOI% is calculated 
by the formula: 

 
Where O2 and N2 % are the rate of flow in cm3/s. 

 2. Rate of burning: According11 to ASTM-365. Using the formula: 

 
Where x is the length of the sample (in cm) that completely burn in time (t) in minutes.  

 3. Maximum flame height (H): According12 to the ASTM-D-3014. 
 The maximum flame height was measured by metal ruler in centimeter, after 10 second 
from starting the burning process.  

Preparation of samples  
The samples were prepared in 130×130×3 mm dimensions, three sheets of each sample were 
prepared using different percentages of the flame retardants (1-7%) which were mixed 
carefully with the resins, then the hardener was added and in each case the cross linked 
polymer was casted in a mold. 

Results and Discussion  
Characterization of compounds  
These compounds were characterized by FTIR spectroscopy, CHN elemental analysis, 
atomic absorption and conductivity measurements. Most characteristics IR peaks and 
elemental analysis data for these compounds are reported in Tables 1 and 2. The molar 
conductivities in 10-3M ethanol were found to be 20.3-59.8 µs.cm-1. The finding values 
revealed the formation of the aimed compounds. The products were white powders.   
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Table 1. FTIR bands (cm-1) of the prepared compounds 

Compound γ (P-Cl) γ  (P-Br) γ  ( P- C ) Others 
(CH3)4N[C2H5PCl2Br] 501 447,470 948 C-H 

al.2958,2908 
C-N al.1400 
CH3 – 1485 
C-C al 1296 

(CH3)4N[C6H5PCl2Br] 493 424 1481 C-H 
ar.3062,3016 
C-H al.1303 
C-N al. 1400 
Ph-M-S 744,694 

(CH3)4N[C6H5PCl3] 497 - 1473 C-H ar.3047 
C-N al.1388 
Ph-M-S 
744,694 

(CH3)4N[C6H5PBr3] - 421 1473 C-H 
ar.3054,3010 
C-H al.1301 
C-N al. 1398 
Ph-M-S 687,731 

Note: al =aliphatic; ar=aromatic; Ph-M-S=C6H5-Monosubstitution 

Table 2. Elemental analysis data of the prepared compounds. 

Compound Elemental analysis, Calc., (Found) 
C% H% N% Cl% Br% P% 

(CH3)4N[C2H5PCl2Br] 
m.pt.332 d oC 

25.26 
(24.93) 

5.96 
(5.68) 

4.91 
(4.75) 

24.91 
(25.03) 

28.07 
(27.85) 

10.87 
(10.56) 

(CH3)4N[C6H5PCl2Br] 
m.pt.140 oC 

36.06 
(35.40) 

5.14 
(4.78) 

4.20 
(3.92) 

21.31 
(20.80) 

23.99 
(23.20) 

9.29 
(8.70) 

(CH3)4N[C6H5PCl3] 
m.pt.285 d oC 

41.59 
(41.00) 

5.89 
(5.63) 

4.85 
(4.65) 

36.91 
(36.53) 

- 
- 

10.74 
(9.98) 

(CH3)4N[C6H5PBr3] 
     m.pt.307 d oC 

28.43 
(28.15) 

4.02 
(3.87) 

3.31 
(3.09) 

- 
- 

56.87 
(56.32) 

7.34 
(7.15) 

 The chemical structures of the prepared haloorganophosphonates(III) compounds were 
suggested according to the analytical data to be a trigonal bipyramide geometry around 
P(III) ion as illustrated bellow: 

 
where R= alkyl or phenyl , X=Cl or Br. 

Flame retardation measurements 
The most important measured parameters are: 
Limiting Oxygen Index (LOI): It is the percentage of oxygen gas in nitrogen-oxygen gas 
mixture,  necessary to bring about the flame height of 5 cm minimum. Results of LOI 
are reported  in  Tables 3 and 4 indicated that all the additives were efficient to decrease  
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flammability of epoxy and unsaturated polyester resins. They were so competent to stop 
combustion causing non burning at the higher percentages (>5%). Their efficiency is 
following the order: 

IV >  III > II > I 
 This is due to the composition of the additives; i.e. (CH3)4N[C6H5PBr3] is more active 
than (CH3)4N[C6H5PCl3] because bromine is more active than chlorine to retard the flame, 
also the difference in the alkyl and phenyl groups found13. 

                      Table 3.  LOI for epoxy resin with different percentages of additives 

     %  
Additives 

1 3 5 7 

I 
II 
III 
IV 

21.58 
22.17 
22.61 
22.94 

22.97 
23.41 
24.03 
24.23 

24.31 
24.65 
25.72 
26.03 

25.29 
25.93 
26.84 
27.42 

LOI for epoxy resin without additive =19.7 

         Table 4.  LOI for UPE resin with different percentages of additives 

%  
Additives 

1 3 5 7 

I 
II 
III 
IV 

22.13 
23.05 
23.21 
23.58 

23.75 
24.60 
24.83 
25.16 

24.81 
25.52 
25.75 
26.47 

26.07 
26.73 
26.90 
27.62 

LOI for UPE resin without additive =20.4 
 Figures 1 and 2 show how LOI increased with increasing the percentages of the 
additives proving their activity as flame retardants. 
 

 
Figure 1. Relationship between Limiting 
Oxygen Index (LOI) and the percentages of 
additives for epoxy resin  

Figure 2. Relationship between Limiting 
Oxygen Index (LOI) and the percentages of 
additives for UPE resin 

Rate of burning (RB): Measured results, Tables 5 and 6 clearly indicate the effectiveness of 
the flame retardants used in this work. The rate of burning is effectively decreased by 
increasing the weight percentage of used additives.  

 The order of efficiency shows that additive IV was the best for the same weight ratio 
compared with others. 

IV >  III > II > I 
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Table 5. Rate of burning for epoxy resin with different percentages of additives 

% 
Additives 

1 3 5 7 

I 
II 
III 
IV 

1.30 
1.28 
1.10 
1.03 

1.05 
0.96 
0.75 
0.85 

0.85 
0.64 
0.50 
0.62 

N.B 
N.B 
N.B 
N.B 

Rate of burning for epoxy resin without additives =1.95, N.B= not burning 

Table 6.  Rate of burning for UPE resin with different percentages of additives 

% 
Additives 

1 3 5 7 

I 
II 
III 
IV 

1.20 
1.15 
1.09 
1.05 

0.95 
0.89 
0.78 
0.73 

0.70 
0.42 
0.31 
N.B 

N.B 
N.B 
N.B 
N.B 

Rate of burning for UPE resin without additives =1.44 

 Figures 3 and 4 reveal that RB is inversely proportional to the increase in the 
percentages marking the good effect of the flame retardants. 
  

Figure 3. Relationship between Rate of 
Burning (R.B) and the percentage of the 
additives for epoxy resin 

Figure 4. Relationship between Rate of 
Burning (R.B) and the percentage of the 
additives for UPE resin 

Maximum flame height (H): Flame heights during the burning were also monitored using different 
weight ratio of the additives. The results listed in Tables 7 & 8 refer that H is gradually decreased 
as the % additive increased for the two resins with all types of the flame retardants. 

Table 7.  Maximum flame height (H) for epoxy resin with different percentages of additives 

 %              
Additives 

1 3 5 7 

I 
II 
III 
IV 

9.5 
9.0 
8.0 
6.0 

7.0 
6.5 
6.0 
4.2 

5.5 
5.0 
4.5 
2.0 

- 
 - 
 - 
 - 

H for epoxy without additives =12 
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Table 8.  Maximum flame height (H) for UPE resin with different percentages of additives 

% 
Additives 

1 3 5 7 

I 
II 
III 
IV 

10.0 
9.5 
8.0 
6.5 

7.5 
6.0 
5.0 
3.2 

6.0 
4.5 
3.5 
- 

- 
 - 
 - 
 - 

H for UPE without additives =14 

      Again the effectiveness of these additives is in agreement with the results obtained in 
case of LOI and RB mentioned earlier; the most active FR is that gives the lowest H. The 
order of effectiveness is: 

IV > III > II > I 
      The results obtained in all measurements indicate that these additives can effectively 
reduce the flammability of the polymers. Figures 5 and 6 express the relationship between H 
and the percentages of additives for epoxy and unsaturated polyester resins respectively. 

  

Figure 5. Relationship between Flame 
Height (H) and the percentage of the 
additives with epoxy resin  

Figure 6.  Relationship between Flame 
Height (H) and the percentage of the 
additives with UPE resin  

      The additives can also interfere with the chain reaction usually occurs in the vapor phase 
during the oxidation process; i.e. can terminate the free radicals, (ܱܪo, ܱo, ܱܱܪo, ܱܴo, ….. 
 as a chain carrier and transfer them to non radical species, which is clearly appear (.ܿݐ݁
when increasing the percentages of the flame retardants causing non burning. 

Conclusions 
The four haloorganophosphonates(III) compounds in this work were successfully prepared 
and used as flame retardants for epoxy and unsaturated polyester resins. They were very 
efficient causing to stop combustion of resins in their higher percentages (7%) used here. 
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