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ABSTRACT 
 
 
Polyamide 6 and 66, especially glass fibre reinforced grades, can be effectively fire retarded 
with a new halogen free product based on an organic phosphinic acid salt.  
 
Organic phosphinates are a newly developed class of flame retardants for engineering 
thermoplastics, and are especially effective for polyamides and polyesters. The chemical 
registration process in Europe (ELINCS) and US (TSCA)  has already been completed METI 
registration procedure has also been started. Clariant has set a pilot plant in operation for 
process development and market introduction of these flame retardants. The commercial  
plant is currently under construction.  
 
Different polyamides, especially glass fibre reinforced grades, can be effectively fire retarded 
with these new halogen-free products based on the phosphinates. The required dosage for a 
UL 94 V-0 performance is lower than for other flame retardant formulations apart from red 
phosphorus. The flame retardant effect is achieved in the solid state leading to enhanced char 
formation which is typical of phosphorus based flame retardants.  
 
Exolit® OP 1311 (TP) and Exolit® OP 1312 M1 (TP) are  products based on a metal 
phosphinate and  synergists for the use in polyamides. The new formulations based on Exolit 
OP 1311/12 (TP) allow a high comparative tracking index of 600 Volt and a low compound 
density. Compared to brominated polystyrene, both Exolit OP grades offer nearly the same 
level of tensile and impact properties in polyamide compounds. Particular advantages of the 
new formulations are also good flow properties and coloribility. The main application for the 
new FR materials will be in injection moulded parts for the E&E industry.   
 
 
INTRODUCTION 
 
Injection moulded parts made of polyamides consume a considerable amount of various flame 
retardants due to their application in the electrical and electronic industry. Particularly glass 
fibre reinforced polyamides have a property profile making them ideally suited for the 
construction of electrical devices with applications in high voltage conditions. Flame retardant 
polyamides are less important in the automotive and construction industry but find their niche 
applications in these markets as well. 
 
Halogenated flame retardants like brominated polystyrene as well as halogen-free products 
like red phosphorus have an important market share in reinforced polyamide moldings. Red 
phosphorus is much more efficient than halogenated flame retardants but limits the 
colorability [1]. 
 



When flame retardants are added to achieve the demanding V-0 classification according to the 
UL 94 vertical burning test the compounds should provide electrical components with good 
physical properties, a long lifetime and assurance of high safety standard. The ideal flame 
retardant should be an inherent material without any influence on the physical properties of 
the end product. 
 
The question of whether a new flame retardant is needed in the PA market can be answered 
with “yes” when looking at the specific disadvantages of the established systems used today. 
For comparison, we consider two of the existing flame retardant packages both having an 
important market share in glass fibre reinforced polyamide mouldings. Brominated 
polystyrene (BrPS) is applied both in PA 6-GF and PA 66-GF whereas red phosphorus is used 
predominantly in PA 66-GF. 
 
 
PHOSPHINATES AS NEW FLAME RETARDANTS FOR POLYAMIDES 
 
Organic phosphinates as a new chemical group of active flame retardants were already 
presented by Clariant at conferences in recent years [3,4]. They show a strong flame retardant 
activity on their own but also a pronounced synergism with selected nitrogen containing 
organic substances [5]. Exolit® OP 1311 (TP) and Exolit OP 1312 M1 (TP) now represent test 
products for polyamide applications based on the phosphinate chemistry. These new products 
are manufactured in a pilot plant and will be produced in a full scale commercial plant starting 
production in the last quarter of 2004.  
 
 
 
 
 
 
 
 

Fig. 1: Structure of phosphinates 
 
The main application ares of Exolit OP 1311 (TP) will be usage in PA 6-GF whereas the more 
thermally stable Exolit OP 1312 M1 (TP) is for  the use in PA 66-GF. Typical compound data 
from laboratory trials will be compared  to the data of established. 
 
 
Comparison of New Phosphinates vs. Brominated Polystyrene and Red 
Phosphorus in PA 66-GF 
 
Properties of compounds containing the new flame retardant based on a phosphinate (Exolit 
OP 1312 M1 (TP)) are compared with non flame retarded PA 66-GF, a typical halogen-
containing formulation (based on BrPS, antimony trioxide and PTFE) and a formulation based 
on red phosphorus. 
 
In the following studies flame retardant PA formulations have been prepared using a 27 – 44 
D co-rotating twin screw extruder. Polyamide was fed via main feed, flame retardants were 
fed via a first side feed at 18 D and the glass fibers were fed via a second side feed at 30 D. 
An atmospheric degassing took place at 15 D and a vacuum degassing at 40 D. The 
throughput was chosen with 20 kg/h at a screw speed of 250 rpm. Temperature setting was 
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280°C to 250°C from the hopper to the die. The polymer strands were cooled down in a water 
bath followed by pelletizing. The different compounds have been dried prior to injection 
moulding at 80°C until a humidity of < 0.1 % had been achieved. Injection moulding of 
various specimens was done on an Arburg Allrounder 320 C.  
 
The materials used were commercial grade PA 66 (Durethan® A30 from BAYER AG, 
Germany), commercial grade glass fibers (Vetrotex® EC10 4.5MM 983 from Vetrotex, 
France), commercial grade brominated polystyrene (Saytex® HP-7010 from Albemarle S.A., 
Belgium), commercial grade of 80% antimony trioxide in a carrier of PA 6 (Antiox® PA 2617 
from Campine, Belgium), commercial grade polytetrafluoroethylene (Dyneon® TF 2071 from 
Dyneon, Germany), commercial grade of 50% red phosphorus in a carrier of PA 6 (Exolit RP 
695 from Clariant GmbH, Germany), proprietary test product based on a phosphinate (Exolit 
OP 1312 (TP) M1 from Clariant GmbH, Germany). The formulations and are given in table 1. 
 
Table 1: Formulations of PA 66-GF compounds  
 
 PA 66-GF PA 66-GF with 

BrPS 
PA 66-GF with 

red phosphorus 
PA 66-GF with 
phosphinate 

PA 66 70 wt.-% 43.6 wt.-% 56 wt.-% 52 wt.-% 
Glass fibers 30 wt.-% 30 wt.-% 30 wt.-% 30 wt.-% 
BrPS - 20 wt.-% - - 
Antimony trioxide 
(80 % in PA 6) 

- 6.0 wt.-% - - 

PTFE - 0.4 wt.-% - - 
Red Phosphorus 
(50 % in PA 6) 

- - 14 wt.-% - 

Exolit OP 1312 (TP)  - - - 18 wt.-% 
     
UL 94 class (0.8 mm) 
(UL 94 vertical test) 

no rating V-0 V-0 V-0 

 
 
Taking a UL 94 V-0 classification at 0.8 mm as a basis for the comparison, a compounder 
needs about 20 % of brominated polystyrene and 6 % of antimony trioxide in a  PA 66-GF to 
fulfill the requirement [2]. Red phosphorus is much more efficient (a dosage of only 5.5 to 7 
%  in PA 66-GF depending on the glass content) but the limited colorability and the handling 
problems at the workplace are major disadvantages in the view of some customers [1]. 
 
Apart from the difference in flame retardant efficiency and costs both systems have gained a 
considerable market share in reinforced polyamides due to the property profiles of the flame 
retardant polyamide  compounds.  
 
All the three flame retarded formulations given in table 1 passes UL 94 V-0, but a look at the 
optical smoke density shows different behaviour: whereas the formulation with red 
phosphorus shows the same high smoke density as the formulation with brominated 
polystyrene, the new formulation with Exolit OP 1312 M1 (TP) gives a significant reduction 
in optical smoke density. In figure 2, smoke density according to ASTM E 662 is shown.  
 
 
 
 
 
 



 
Figure 2: Smoke density of burning PA 66 30% GF (NBS smoke chamber ASTM E 662) 
 
A flame retardant additive should enhance the performance of the polymer without changing 
other material properties much. In table 2, tensile and impact properties of the flame retarded 
polyamides are compared to neat reinforced polyamide. The three flame retarded compounds 
show an increase in tensile modulus due to the reinforcing effect of the fillers. The composite 
of the flame retardant compounds is not as homogeneous as the Polyamide 66 GF. This is the 
reason why the tensile strength decreases. Due to its unique efficiency, red phosphorus gives 
flame retardant compounds with mechanical properties very similar to neat polyamide 
compounds. Tensile and impact properties of the new formulation based on Exolit OP 1312 
M1(TP) are in the same range as for compounds containing brominated polystyrene, which is 
sufficient for most applications in E&E.    
 
 
Table 2: Mechanical  properties of PA 66-GF compounds 
 
 PA 66-GF PA 66-GF with 

BrPS 
PA 66-GF with 

red 
phosphorus 

PA 66-GF with 
phosphinate 

Tensile modulus [MPa]  
(ISO 527-2) 

9,600 12,300 11,000 9,900 

Tensile strength [N/mm²]  
(ISO 527-2) 

177 164 174 132 

Elongation at break [%] 
 (ISO 527-2) 

3.7 2.7 3.2 2.8 

Impact strength [kJ/m²]  
(ISO 179/1eU) 

79 64 78 64 

Notched impact strength 
[kJ/m²] (ISO 179/1eA) 

19 13 18 14 

 
 
A lot of flame retardant polyamides are used in electrical and electronic industry, where the 
insulation properties of polyamide are necessary. A method to determine the electrical 
properties is the comparative tracking index (CTI). A solution of a salt is dripped between two 
electrodes with pre-selected voltage and the droplets are counted until a conductivity is 
recognized. The CTI value is the highest voltage, where no conductivity occurs after 50 
droplets. The results are shown in figure 3 and it can be seen that the electrical properties of 
PA 66 GF remain with red phosphorus and with Exolit OP 1312 M1 (TP), whereas the 
formulation based on brominated polystyrene give 400 V only. This is of importance for high 
voltage applications. 
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Figure 3: Comparative tracking index values of the compounds 
 
For processing of plastics, the viscosity of the molded polymer formulation is important. 
Therefore, melt flow indices of granules were compared. Melt flow index is a very important 
value in compounding and injection molding. In compounding a high melt flow allows low 
torque in the machine and an increase of specific throughput. For filling complicated and big 
molds during injection molding a high melt flow is necessary too. In table 3 the compound 
with Exolit OP 1312 M1 (TP) shows a slightly reduced melt flow index compared to neat 
polyamide, which means it is easy processable. The values for brominated polystyrene as well 
as for red phosphorus are  significant lower. 
 
Table 3: Melt flow index of polyamide 66-GF compounds 
 
  PA 66-GF PA 66-GF with 

BrPS 
PA 66-GF with 

red 
phosphorus 

PA 66-GF with 
phosphinate 

Melt flow index 275/2.16 
[cm³/10 min]  
(DIN ISO 1133)  

10 3 4 7 

 
 
Another very important property of plastics in general is the density. In the plastics industry 
prices of plastics are commonly given in a price per mass unit and are compared to each other. 
But more important is the price per volume, because plastic parts are always constructed 
based on the shape of a part. Therefore lower densities offer a better price performance. The 
second and more important point is that a lower density allows a lighter construction. This is 
taken into consideration when weight issues play a part for example in automotive and 
transportation in general. In figure 6 the different compound densities are shown and the 
advantages of Exolit OP 1312 M1 (TP) are obvious.  
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Figure 4: Density of PA 66 GF compounds (ASTM D 1505) 
 
 
DISCUSSION OF RESULTS 
 
The new formulation based on phosphinate allow a significantly lower dosage in PA 66-GF 
compared to BrPS (15-18 % vs. 26-28 %, including antimony trioxide and 
polytetrafluoroethylene). Compound densities are significantly lower than those of the 
halogen containing materials. A high CTI of more than 600 V underlines the superior 
insulation properties of these compounds. In contrast to red phosphorus – showing excellent 
physical and electrical properties in PA 66-GF – the new product is a white powder and allow 
brightly coloured applications. The melt flow of the compounds is reduced to a certain extent 
but still showing excellent injection moulding properties. Mechanical properties are on a very 
satisfying level. Depending on stress expected during processing formulations with an 
adjusted level of thermostability are available. Figure 5 gives an overview of the performance 
of the different flame retarded compounds.  

Figure 5: Comparison of properties of flame retarded polyamides 
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CONCLUSION 
 
Using the new flame retardants based on phosphinates glass fiber reinforced PA compounds 
with a balanced range of properties are accessible. Due to the low dosage (15 – 18 wt.-%) to 
achieve the important criterion UL 94 V-0 (0.8 mm) the mechanical properties are on a very 
good level compared to non flame retarded glass fiber reinforced polyamides. Particularly 
advantageous are the low compound density, the colorability and the excellent electrical 
properties. Taking all properties into account the new flame retardants will enable the 
compounder to offer innovative PA injection moulding compounds for demanding 
applications in the electric and electronics industry. 
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