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Abstract. Synergistic effect was observed between two types of flame retardant and two types of polyhedral oligomeric 
silsesquioxanes (POSS). The polymer matrix was represented by low density polyethylene Bralen RB 2-62 (Slovnaft). 
The polyethylene was mixed with nanofillers OctaIsobutyl POSS and TriSilanolIsobutyl POSS. The flame retardants was 
represented by ADK STAB® FP 2200 and Exolite® APP 722. The flammability was investigated by UL-94 test. The 
results showed that the APP/POSS system had important flame retardant and anti-dripping abilities for LDPE. 
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INTRODUCTION 

Polyethylene is one of the most widespread polymers. Typically, low density polyethylene (LDPE) is used to 
manufacture flexible films such as those used for plastic retail bags and garment dry cleaning and grocery bags. 
LDPE has good isolative electrical properties and it is widely used in wire and cable applications. [1] Further LDPE 
foils are used in the construction industry, where the need for increased resistance to fire. For example, higher flame 
resistance is necessary on the insulating films, which are used in tunnels. Therefore, it is important the development 
of materials with improved flame resistance, with high thermal stability. 

Generally, different additives are used to modify the properties of polymers. One of the additive representatives 
is fillers. Fillers can be divided into natural and synthetic, by origin. Next, they can be divided into organic and 
inorganic, by the chemical structure. Properties of the polymers can also be influenced by the shape of the particles 
like spherical, cubical, irregular, block, plate, flake, fiber or mixtures of different shapes.[2] The special type of fillers 
are polyhedral oligomeric silsesquioxanes (POSS). The POSS belong to organo-silicat fillers and containing silicon 
atoms. The incorporation of POSS molecules as nanoparticles into polymers such as polyolefins, polyesters, and 
polyamides are seen to bring about advantageous changes in physical and chemical properties of the polymer itself, 
e.g. modulus, strength, glass transition temperature, mechanical performance and thermal stability.[3,4,5,6] Next 
important additive representatives is flame retardants. These additives can be divided into 4 types: halogen flame 
retardants, flame retardants based on phosphorus, inorganic oxides and hydroxides and retardants containing silicon. 
The flammability can be reduced with two mechanisms. The first mechanism is physical and the second mechanism 
is chemical. For example, physical mechanism is endothermic reaction, which is consuming heat and the material is 
so cooling.  

Combustion is a thermal-oxidative reaction. Flammability is defined by a series of conditions and the combustion 
is undesirable reaction. Natural and synthetic polymers, when exposed to a source of sufficient heat, will decompose 
or “pyrolyse” evolving flammable volatiles. These mix with the air, if the temperature is high enough, ignite. [7] 
Conversely, inorganic materials (f.e. glass and metal) are incombustible. Some polymers have better flame 
resistance than others. Some types of polymers during flammability test after the first ignition extinguishing 
themselves. Flammability is therefore different for different polymers depending on the structural unit constituting 
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the polymer. There are many tests to determine the flammability of material. One of the most famous is the test in 
the flame - UL 94. The test can be performed in two positions: horizontal or vertical. More frequent is using of 
vertical position, which is presented in this article. 

This study research the synergistic effect between nanofillers and flame retardants. Rather it has been interested 
in the flame resistant properties of nanocomposites with polyhedral oligomeric silsesquioxanes (POSS). 

EXPERIMENTAL 

Low Density Polyethylene Bralen RB 2-62 from Slovnaft was used as the polymer matrix for testing. From 
flame retardants were used ammonium polyphosphate - Exolite® APP 722 (APP), by Clariant, and retarder based on 
phosphorus and nitrogen - ADK STAB® FP 2200 (ADK), by Adeka Palmalore. From silsesquioxanes were used 
Trisilanolisobutyl POSS (POSS 1) and Octaisobutyl POSS (POSS 2), both by Hybrid Plastics.  

Polymer with the fillers and flame retardants were compounded in Brabender KO-kneader. The composition of 
the nanocomposites is shown in table 1. Compounding of all samples was carried out at 130 °C, 110 rpm for 20 
minutes. Next prepared materials were pressed by hand press, where dimensions of mold were 125 ! 125 ! 2 mm. 
The press conditions: T=150°C, preheat 5 minutes, press 4 minutes. 

The flammability test was carried out in accordance with UL 94 test. Testing was conducted in a vertical 
position. UL 94 is now harmonized with IEC 60707, 60695-11-10 and 60695-11-20 and ISO 9772 and 9773. [8] 
Samples for measurement were cut from the plates. 

The dispersion of the fillers in LDPE matrix was observed through microscopic investigations (SEM). 
Measurements were carried out on the unit TESCAN VEGA II. The accelerating voltage was preset to 10 kV. The 
pictures were taken at a magnification of 1000 !, 5000 ! and 10000 !. Samples were prepared by breaking in liquid 
nitrogen. Finally the samples have been vapor-deposited conductive metal layer. 
 

TABLE 1. Composition of the nanocomposites 

Sample 
APP ADK POSS 1 POSS 2 

(%) (%) (%) (%) 

1. 26 - 0 - 
2. 26 - 1 - 
3. 23 - 3 - 

4. 0 - 3 - 

5. 26 - - 0 

6. 26 - - 1 

7. 23 - - 3 

8. 0 - - 3 

9.. - 26 0 - 

10. - 26 1 - 

11. - 23 3 - 

12. - 0 3 - 

13. - 26 - 0 

14. - 26 - 1 

15. - 23 - 3 

16. - 0 - 3 
 
 

RESULTS AND DISCUSSION 

 Tables 2-3 are presenting the flammability by UL 94. In the table 2 are presented the UL 94 flammability for 
LDPE mixtures with POSS 1.  
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TABLE 2. Flammability results for LDPE/APP/POSS 1 and LDPE/ADK/POSS 1 

Sample Name of nanocomposite UL 94 

1. 26% APP/0% POSS 1 V-2 

2. 26% APP/ 1% POSS 1 V-0 

3. 23% APP/3% POSS 1 V-1 

4. 0% APP/3% POSS 1 Fail 

9. 26% ADK/0% POSS 1 V-0 

10. 26% ADK/ 1% POSS 1 V-0 

11. 23% ADK/3% POSS 1 V-1 

12. 0% ADK/3% POSS 1 Fail 

Note: The best classification is presented by V-0. 
 
From the table 2, it can be concluded that in sample series with POSS 1, was noted synergistic effects with flame 

retardant APP. The sample with pure flame retardant, 26% APP/0%POSS, was classified as V-2. Adding 1% of the 
POSS 1 to the flame retardant APP was improved the classification in accordance with UL 94 from V-2 to V-0. In 
the mixture where the flame retardant was replaced by 3% of nanofiller, was also achieved better result. The sample 
was moved from class V-2 to V-1. In the samples with flame retardant ADK it has not been observed synergistic 
effects. Conversely, flame resistance deteriorates slightly by adding nanofiller. For sample, where the flame 
retardant ADK was replaced by 3% nanofiller, was noted worsening of flame resistance in accordance with UL 94 
from V-0 to V-1. 

In the table 3 are presented the UL 94 flammability for LDPE samples with POSS 2. For samples with POSS 2, 
we have achieved similar results as for composition with POSS 1. Adding 1% of the nanofiller POSS 2 to the flame 
retardant APP was caused improvement from V-2 to V-1. Again for the mixtures with flame retardant ADK it has 
not been observed improvement. 
 

 
TABLE 3. Flammability results for LDPE/APP/POSS 2 and LDPE/ADK/POSS 2 

Sample Name of anocomposite UL 94 

5. 26% APP/0% POSS 2 V-2 

6. 26% APP/ 1% POSS 2 V-1 

7. 23% APP/3% POSS 2 V-2 

8. 0% APP/3% POSS 2 Fail 

13. 26% ADK/0% POSS 2 V-0 

14. 26% ADK/ 1% POSS 2 V-0 

15. 23% ADK/3% POSS 2 V-1 

16. 0% ADK/3% POSS 2 Fail 

Note: The best classification is presented by V-0. 
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A) ADK                                             B)      POSS 1                                     C)    LDPE/26% ADK/1% POSS 1 

   
 

FIGURE 1.  SEM Pictures of flame retardant ADK, nanofiller POSS 1 and mixture LDPE/26%APP/1%POSS 1 
 

In the figure 1 are presented SEM pictures of pure flame retardant ADK (A), nanofiller POSS 1 (B) and mixture 
LDPE/26% ADK/1% POSS 1 (C). From figure 1(C) it is possible to determine, that the filler were well dispersed in 
the polymer matrix. Next good adhesion was detected between the filler and the LDPE. It can be also possible 
recognize that additives has been exhibited nanosize for some particles at least in one dimension.  
 

CONCLUSION 

For samples with flame retardant Exolite® APP 722 (APP), it was observed reductions inflammability by UL 94. 
Flammability reduction could be due to a synergistic effect between flame retardant APP and nanofiller POSS 1. 
The samples containing only POSS failed the test UL 94, although some effect on flammability was assumed.  
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