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Selected topics: HFFR cables	  
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Ø  Cable installation 

Ø  Danger in case of fire 

Ø  Definition of HFFR 

Ø  Over view about fillers and reaction in case of fire 

Ø  Material testing and Standards for HFFR cables 

Ø  Extruder equipment  

Ø  Processing parameters 

Ø  Cable construction – bending test 

Ø  Crosslinkable HFFR 
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Cables are often installed as bunch in cable funnels 
In case of fire – Danger for fire expansion to next floor’s 



HFFR : Introduction 
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More than 80 % of Fire Death are caused by Smoke and 
Toxic gases, only 20 % got burned 



Comparison: Jacketing material 
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HFFR: Danger in case of cable fire 
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PCV Insulated cables and most fuoropolymers give up 
1.  High density of black smoke 

2.  Toxic and corrosive fumes like hydrochloric acid gas 

Inhalation of smoke like carbon monoxide and carbon dioxide results           
in deaths of people within minutes   

Ø  Because of high smoke People can’t find the way to go out 

Ø  Fire brigade can’t see the flames 

Ø  Inhalation of toxic and corrosive emission gives irreversible damages     

   of health 

Ø  Corrosive emission like hydrochloric acid is dangerous for all  

   electrical / electronic and metalic equipment inside Buildings 

Ø  High heat release of flame energy (unfilled polyolefins) 
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Material characteristics 
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  Carbon monoxide formation                Acidity of combustion fumes 



HFFR : Definition 
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Zero Halogen means:            No Chlorine 

     No Bromide 

     No Fluorine 

  No Iodine 
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Selected topics: HFFR cables	  
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Summary:  

Ø  Cable installation 

Ø  Danger in case of fire 

Ø  Definition of HFFR 

 

Next:  

Ø  Over view about fillers and reaction in case of fire 

Ø  Material testing and Standards for HFFR cables 



HFFR : Inorganic additives (Fillers) 
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Filler: Metal hydroxides are 
 

Ø Halogen-free 
Ø Environmentally friendly 
Ø Non-toxic 
Ø Not volatile 
Ø Substantial reduction of smoke 
Ø No corrosive or toxic decomposition products 
Ø Reduction of subsequent damages  
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Filler: ALUMINIUM HYDROXIDE 

On heating to 200°C, hydrated alumina 
decomposes into 66% alumina oxide and 
34% water. 

2 Al(OH)₃  → Al₂O₃+ 3H₂O 
 

A cable contains about 70% by weight of 
Al(OH)₃ therefore a HFFR cables has about 
25% of water, which is about the amount of 
polymer in the cable. 
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HFFR – Function of metal hydroxides 
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 Flame Retardancy during burning 
a)  Endothermic reaction → total heat consumtion of 

     these reaction reduce the 
temperature of the flame 
   2 Al(OH)₃ + 1075 Jk/kg → Al₂O₃+ 3H₂O 
     Mg(OH)₂+ 1316 kJ/kg  → MgO + H₂O 
    

b) The released water vapour cools the surface of the polymer and particularly dilutes the 
concentration of burnable gases in the surrounding area 

 
c) The remaining metal oxide residue has a high internal surface where sooty particles, EG 

polycyclic aromatic hydrocarbons, are adsorbed thus reducing the amount of 
flammable material  

 
d) The oxide residue becomes a skin which acts as a material barrier, disabling the further 

release of low molecular weight (easy to burn) decomposition products and acts as a 
heat barrier protecting the polymer against further decomposition 

 
e) Protective cloud of CO₂ and steam prevents air (oxygen) from reaching the fire 
 
f) Charred material keeps the insulation intact during the fire  
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MECHANISM FOR HEAT RETARDANCY 

CHAR: keeps the 
insulation intact 

Cable still working 

 

SKIN:  acts as a 
barrier for air to 
propagate the 

flame     

Cloud Prevents 
oxygen from 

entering  

Metal oxides 
adsorbs 

combustible 
material 
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AL(OH)₃	  .	  XH₂0	  	  =>	  H₂0	  +	  OXIDES	  &	  
CARBIDES	  OF	  AL	  

CₓHₐ	  =>	  CO₂	  +	  H₂O 

CO₂ + H₂O LAYER 

CONDUCTOR 

Endothermic reaction of filler 
Reduce Temperature of Flame 



HFFR: COPO based - CHALK filled 

Ø  LOW OXYGEN INDEX – CLOSE TO THAT OF 
STANDARD PVC - Compound (LOI = 26-30) 

 
 
 
Ø  LOW COST COMPOUND TO COMPETE WITH PVC 
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CONDUCTOR 

CHAR 

SKIN 

Prevents oxygen 
from entering  

CO₂ + H₂O 

VOID 
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MECHANISM FOR CHALK RETARDANCY 



Material test : Oxygen index (LOI) 
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Typical Results:   LOI % 

LDPE / XLPE   18 

PVC    26-33 

COPO/SI/Chalk   26-33 

COPO/Al(OH)3   30-40 

 Minimum Concentration of oxygen that will support combustion of polymer 



Material test: Corrosivity of gases 
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Material test: Cone Calorimeter, ISO5660 

ANDINA PLAST Plexchem Technologies 



Material test: Rate of Smoke	  
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Material test: Rate of Heat release	  
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Cable test: Measurement of smoke density 
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Cable test: Flame test on single cable 
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Cable test: Flame test on bunched cables 
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Cable test : Flame test on bunched cables 
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Cable test: Calculation of burnable material 
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Definition of flame retardant / fire resistance 
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HFFR : Fire resistance test IEC 60331 
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Over view about Standards for HFFR material and cables 
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HFFR - Selected	  topics	  for	  HFFR	  cables 
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Summary:  

Ø Cable installation 

Ø  Danger in case of fire 

Ø  Definition of HFFR 

Ø  Over view about fillers and reaction in case of fire 

Ø  Material testing and Standards for HFFR cables 

Next:  

Ø  Extruder equipment  

Ø  Processing parameters 

Ø  Cable construction – bending test 

Ø  Crosslinkable HFFR 



Units of extruder 
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Screw design 
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LOW COMPRESSION SCREW <1.5 COMPRESSION RATIO 



Screw design: mixing parts 
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Improvement of melt homogenity for higher output 

Melt dispersion 



HFFR : Processing parameters 
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Feeding zone Melting zone 

with barrier part 

Metering 

zone 
melting of the 

pellets  

mixing and 

homogenizing 

Melt - temperature of  Material 
COPO / ATH           150 °C             130 °C           100 °C 

COPO / Si / Chalk  190 °C            170 °C            120 °C 

Pellets 



HFFR : Screw tip / screening 
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Breaker plate 

Screen pack 



HFFR : Tool design 
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HFFR : Tube tools  
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Tube tool Head vacuum 

Define, short   

Tube length 



Summery : Extrusion parameters 

Polymer mix / Silicone / Chalk filler  system:  

Ø  PE / PVC extruder with standard equipment 

Ø  Temperature profile 160 – 180 °C 

 

Polymer mix / ATH filler system: 

Ø  Low compression screw and controlled melt temperature 

Ø  Screw tempering 70 – 80 °C 

Ø  Deep flow channel inside crosshead to reduce back pressure 

Ø  Temperature profile 130 – 160 °C 

Ø  Pressure / semi tubing to avoid shrinkage problems 

Ø  Quick water cooling to avoid bubbles 
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HFFR: Stress cracking test 
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Cable test: New European Standard	  

December 2012 Plexchem Technologies 



Ø Improved temperature resistance 
Ø Improved drip resistance when burning 
Ø Improve creep resistance (deformation 

under load) 
Ø Improved chemical resistance (stress 

cracking) 
Ø Improved impact resistance  
Ø Increase abrasion resistance  
	  Eg	  T3	  cables	  for	  automo2ve	  applica2ons	  in	  severe	  chemical	  
environment	  (oil,	  lubricants,	  ba:ery	  acids	  and	  heat)	  
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HFFR: Crosslinking 


