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Non-halogen and non-phosphorous flame-retardant 
polymer

Masayuki Iwata,1 Haruka Fukushima,1 and Tomohisa Watanabe2

Flame-retardant polymer harmless to the environment and the human body is receiving 
attention with growing environmental awareness. Recently, we have developed flame-retardant 
polymer which offers high flame retardancy and conforms to the environment without using 
halogen compounds or phosphorous compounds. The developed polymer has high performance 
to pass the single vertical wire flame test (JIS C3665) and the vertical tray flame test (JIS 
C3521), and the characteristics suitable for use in insulation and jacketing of wires and cables.

1. Introduction
Recently, controls on the use of hazardous sub-

stances have been stepped up in accordance with 
REACH, RoHS and other directives. In step with this 
move, greater efforts are under way to minimize the 
risk caused by hazardous substances to the environ-
ment and human health. Flame retardants are no ex-
ception. The risk of materials that have been used until 
now is a subject to review since environmentally safer 
products are demanded. Fujikura has developed vari-
ous non-halogen flame retardant materials. We usually 
choose the most appropriate flame retardant from dif-
ferent non-halogen products depending on operating 
environments and performance requirements because 
they have advantages and disadvantages in stability, 
flame retardancy, and cost. Conventionally, halogen- 
or phosphorus-based flame retardants have been used 
mainly as insulation materials for flame-retardant wires 
and cables that are required to pass the JIS C3521 ver-
tical tray flame test and the JIS C3665 vertical streak 
burning test. This paper describes the development of 
flame retardant materials using neither halogen- nor 
phosphorus-based flame retardants that satisfy the 
above-mentioned standards of high flame retardancy.

2. Development of flame-retardants material
2.1  Mechanism

Figure 1 shows a model of the combustion mecha-
nism of the resin.

(i) Thermal decomposition of the resin starts by be-
ing heated from the outside. The decomposition prod-
ucts diffuse.

(ii) An oxidation field is formed around the surface 
by the mixing of decomposition products and oxygen.

Next, thermal energy is transferred to the resin by 

radiation(iii), and heat transfer(iv). This causes ther-
mal decomposition (i) again. It is believed that the 
combustion of the materials continuously proceeds by 
the repetition of this chain reaction. Flame retardant 
exerts its effect by cutting off one or more steps of the 
chain reaction. The main mechanism of flame-retard-
ing actions are as follows :

·  Suppression of thermal decomposition by endo-
thermic reaction (hydrated metal compounds),

·  Dilution of decomposition products by releasing 
inert gas (nitrogen-based compounds),

·  Trapping of free radicals in oxidation field  (halo-
gen-based compounds), and

·  Formation of surface layer to block heat and sup-
press diffusion of decomposition products  (phos-
phorus-based compounds)

2.2  Development policy

Halogen-based compounds (radical trapping effect) 
show very high flame retardancy, but they are prone 
to cause incomplete combustion due to the mecha-
nism of trapping free radicals and thus to generate a 
large amount of smoke.  Hydrated metal compounds 
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Fig. 1. Schematic diagram of polymer combustion.



32

(endothermic effect) show excellent properties in 
terms of less generation of gas and low hazard level. 
However, this material requires the addition of a large 
amount because its flame retardancy is low. This re-
sults in significant reductions in workability and the 
mechanical properties. Phosphorus-based compounds 
(barrier layer formation effect) show high flame-retar-
dancy following halogen-based compounds. However, 
these compounds usually have low water resistance to 
cause significant reductions in insulation properties 
and appearance in high temperatures and high humid-
ity or in warm water. 

Considering characteristics of each flame retardant, 
we set our goal of developing halogen- and phospho-
rus-free flame-retardant materials that produce less 
smoke and have high water resistance and high flame-
retardancy to fulfill the requirements of the cable verti-
cal flame test. We conducted various analyses, focus-
ing on the barrier layer forming effect in a solid 
phase.

2.3  Observation of barrier formation

Figure 2 shows the photos of the wire surfaces ob-
served using a high-speed camera during the flame 
tests. (JIS C3005), in which the state of up to 10 sec-
onds after flames started burning is displayed. Photo 
(a) shows the flame retardant polyethylene containing 
a hydrated metal compound. The occurrence of gases 
(decomposition of hydrated metal compound and res-
in decomposition products) and melting of the resin 
were observed. Photo (b) shows a polyethylene mate-

rial containing the new flame retardant. It also shows 
how a barrier begins forming on the surface 3 seconds 
after flames started burning. The barrier inflated and 
kept forming on the whole surface. The situation was 
completely different from that of (a).

Next, Figure 3 shows thermography images to 
check the insulation performance.

Figure 3(a) shows uniform temperature distribution 
while (b) shows gradual distribution of high tempera-
tures on the surface, which seems attributable to the 
insulation effect of the surface barrier. While violent 
combustion reaction (exothermic reaction) occurs in 
the wire near the surface, the thermal decomposition 
reaction of the resin (endothermic reaction) occurs 
inside the resin case. A wire surface temperature is 
determined by the balance of these factors. We think 
that a cable surface temperature increases because 
the influence of the endothermic reaction is reduced 
by the formation of the barrier functioning as thermal 
insulation on the outermost surface. We verified the 
formation of a surface barrier having good insulation 
performance by the above-mentioned observation.

2.4  Evaluation of Cable Characteristics

Table 1 shows our development goals and evalua-
tion results with references to various cable stan-
dards.

We have produced a flame-retardant polyethylene 
compound for use in flame-retardant cable system and 
confirmed that it satisfies the properties required as 
an insulating material for cables. The new compound 
has the ability to pass JIS C3665 vertical streak flame 
test, JIS C3512 vertical tray flame test, as well as C3005 
60° flame test. The compound also produces low level 
of smoke less than Dm 150 (maximum optical densi-
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Fig. 3. Surface temperature distribution during flame test  
(JIS C3005).
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Fig. 2. Surface of electric wire during flame test  (JIS C3005).

Table 1. Characteristics of prototype cable.

Item Prototype Target value

Strength
200 mm/min

>10 MPa

Elongation >350 %

Aging test St
90 ∞C ¥ 96 hr

>80 %

Aging test El. >65 %

Deformation 75 ∞C, 10 N <10 %

low-temperature 
embrittlement

-50 ∞C No cracking

Gas acidity JIS C3666-2 pH ≥ 4.3

Oil resistant St
70 ∞C ¥ 4 hr

>80 %

Oil resistant El. >60 %

Flame retardance

JIS C3005
Afterflame time  
£ 60 sec.

JIS C3665
Unburned area

 ≥ 50 mm

JIS C3521 Not burn down

Smoke evolution ASTM E662 Dm<100

 Water resistance Immersion test Unchanged
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ty), which is defined by general standards of EM wires 
and cables, as the compound is halogen-free. Phos-
phorus-based flame retardants may cause problems 
such as elution of phosphorus to the environment and 
reductions in insulation resistance. In contrast, the 
material we have developed uses no phosphorus-based 

flame retardant. Therefore, even when immersed in 
warm water for a long time, the material will prove to 
keep insulation resistance at a certain value.

3. Conclusion
We have developed new flame-retardant materials 

that do not contain either a halogen-based or phospho-
rus-based flame retardant. There have never been 
such flame-retardant materials before to fulfill environ-
mental safety, including water resistance, and low-level 
smoke production, as well as high flame resistance. 
We will continue to conduct various tests to evaluate 
the reliability, expecting them to be used as jacket and 
insulation materials for various cables.
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Fig. 4. Vertical tray flame test of prototype cable (JIS C3521).


