
37Fujikura Technical Review, 2006

1. Introduction

Fujikura developed the “Eco-Light” product in 1998
as a flame-resistant, halogen-free recyclable material
that can be separated from polyvinyl chloride (PVC)
resin and polyethylene (PE) using specific gravity
separation. This Eco-Light has received excellent
reviews as being superior in terms of its insulative
and flame-resistant properties, mechanical character-
istics, weather resistance, color tone, and ease in pro-
cessing through extrusion and therefore is used
broadly in “green buildings” for governmental and
other public offices, where the material is used as an
insulator and a sheathing material for common elec-
tric cables such as low-voltage power cables, commu-
nication cables, and the like. 

Since then, there has been rapid progress through-
out the world in the electrical and electronic equip-
ment sectors such as “IT” and “digital home electron-
ics,” where the semiconductor industry has also
developed and expanded in tandem with this move-
ment. Although PVC cables have been used broadly
in clean rooms for semiconductor manufacturing, the
plasticizing agents found therein volatilize and outgas
(placing a load on the surrounding environment), this
has been discovered to be a factor causing defects in
semiconductor products. While eco cables have been
the focus of attention as a replacement for PVC

cables, recent research has indicated that there are
still substances that cause outgassing (i.e., Volatile
Organic Compounds (VOCs)) even in the polyolefin
resins and halogen-free flame-retardant agents used
in eco cables. It is in such a milieu that there is a
demand for a cable material that not only is safe and
environmentally friendly, but also has no effect on the
local environment. 

Fujikura has developed and released to market a
“VOC-free Eco-Light” product that has, in addition to
the features of the earlier Eco-Light products, a total
outgassing (i.e., VOCs) of no more than 1 ppm. This
paper reports on the methods and conditions for mea-
suring outgassing (VOCs) and on the performance of
the “VOC-free Eco-Light” product.

2. The development concepts behind the VOC-
free Eco-Light

The development concepts include the following
five elements:
(1) Separation/recycling
(2) Insuring safety
(3) Eliminating substances that place a load on the

environment
(4) Insuring physical proprieties
(5) Reduction of VOCs (substances that place a load

on the surrounding environment)
The environmentally friendly VOC-free Eco-Light

product was developed fulfilling all of these criteria.
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3. Investigations into the causes of outgassing

3.1. Causes of outgassing

PVC used in common electric cables includes large
amounts of plasticizers in order to provide flexibility.
These plasticizers are usually ester phthalates such
as dioctyl phthalate (DOP) and diisononyl phthalate
(DINP). These ester phthalates were found to be the
cause of outgassing.

By contrast, even eco cables contain low vapor
point oxidation inhibitors such as dibutyl hydroxy
toluene (BHT) and non-reacted residuals of the poly-
olefin resin itself (which is used commonly as a base
resin) (Fig. 1), or waxes, or the like, for improving
the dispersion properties of the additives, where
recent research has indicated that these also cause
outgassing. That is, substances that have high volatili-
ties at normal temperatures are major sources of out-
gassing. In other words, the primary causes of out-
gassing are low molecular weight components. 

Consequently, outgassing can be controlled
through the overall reduction of low molecular
weight components included in the eco materials 1) 2).

3.2. Measuring outgassing

The apparatus used in qualitative and quantitative
analyses of the outgassing is described below. A gas
chromatograph/mass spectrometer (GC/MS) using
dynamic head spacing (DHS) measurement tool
(known as a “DHS-GC/MS measurement tool”) was
used in the measurements (see Figs. 2 and 3). This
tool allows the measurement of even minute amounts
of outgassing under a variety of outgassing condi-
tions of the measurement sample. The benefits of this
analysis method are as follows:

ability to measure outgassing at low concentrations
(less than 1.0 ppm).

ability to heat samples to high temperatures (about
250°C).

ability to produce/introduce/analyze the outgas
components continuously.

This research also included investigations regard-
ing DHS-GC/MS measurements.

The following principles and procedures of DHS

are shown in Fig. 2:
(1) heating of the measurement sample and trapping

of the outgassed substances using a primary
adsorption tube,

(2) after placing the primary adsorption tube on the
DHS, desorption (purging) of the outgassed com-
ponents by heating the primary adsorption tube,

(3) trapping of the outgassed components again in a
secondary adsorption tube that has a
heating/cooling device within a Curie point
pyrolyzer, 

(4) desorption of the outgassed components by rapid
heating of the secondary adsorption tube to send
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Fig. 1.  VOC of polyolefin resin.
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Fig. 2.  P&T head space sampler.

Fig. 3.  VOC measurement equipment.
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Fig. 4.  Comparison of outgassing by trapping conditions.



the outgassed components into the GC/MS.
This method wherein the outgassed components

are trapped again after desorption (purging) is known
as the “purge & trap (P&T)” method.

In measurements of outgassing using DHS, typical-
ly the measurement results vary largely depending
on the measurement conditions. Given this, the first
step was to investigate the effects of the various mea-
surement conditions on the analysis results. The fol-
lowing were discovered in the measurement results
(Fig. 4):
(1) The amount of outgassing increased dramatically

when the trapping temperature exceeded the
melting point of the resin.  

(2) The amount of outgassing increased with the
length of time of trapping.

As evident from (1), the outgassing component
trapping temperature was set to 80°C, near the melt-
ing point of the polyolefin that was used as the base
resin, and from (2), the outgassing component trap-
ping time was set to 30 minutes, the shortest time at
which the amount of outgassing was near to the maxi-
mum when the temperature was 75°C. 

4. Sheathing materials for eco cables

4.1. Reducing outgassing 

Typically, base resins that are halogen-free flame-
resistant materials have used polyolefin resins. In par-
ticular, ethylene vinyl acetate (EVA) resins or ethyl-

ene ethyl acrylate (EEA) resins are commonly used
for materials requiring high degrees of flame resis-
tance. These resins include large amount of residual
substances that do not react in the manufacturing
process. When these residual substances are
volatilized, they are detected as outgassed VOCs
(volatile organic compounds). While anti-oxidizing
agents are added in order to prevent thermal break-
down during the resin manufacturing process, if the
anti-oxidizing agents have low molecular weights,
these are also detected as the VOCs. Consequently,
the elimination of these low molecular weight com-
pounds can reduce outgassing.

4.2. Material characteristics 

Table 1 shows a comparison of the VOC-free Eco-
Light characteristics to the characteristics of com-
mercially available halogen-free flame-resistant mate-
rials and of a common PVC. In contrast to the out-
gassing of 100 ppm or more for commercially avail-
able halogen-free flame-resistant materials and for the
common PVC, the outgassing for the VOC-free Eco-
Light product developed by Fujikura was confirmed
to be less than 1 ppm, a huge reduction to less than
1/100 that of the conventional materials. In terms of
hardness, the commercially available halogen-free
flame-resistant materials are rated high, at between
40 and 45, while the VOC-free Eco-Light product is as
flexible as the typical PVC, at about 38. Moreover, it
can be seen that the tensile characteristics, an indica-
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Table 1. Comparison of material properties.

Evaluation items VOC-free Eco-Light
Commercially available

PVC
halogen-free

Separability Specific gravity About 1.1 1.3~1.4 About 1.4

Flexibility Hardness (Shore D) 36~39 40~45 35~40

Mechanical
Tensile strength

12~14 12~14 About 18
characteristic

Tensile strength (MPa)

Elongation (%) 510~550 520~560 About 260

Tensile strength
About 95 About 105 95~100

Thermal durability Thermal breakdown *1
residual rate (%)

Elongation
About 100 About 90 80~90

residual rate (%)

Coldness durability Embrittlement temperature (°C) −50 ↓ −50 ↓ −30 ↓

Electrical insulation 
Volume resistance (Ω·cm) >1014 >1014 >1013

properties

Inclusion of Amount of halogen gas production (mg/g) Not detected Not detected Not detected
halogen/production

of dioxins Amount of corrosive gas production
PH4~5 PH4~5 PH1~2

(IEC 754-2)

Flameproof (flame
Oxygen index (OI) 29 28~35 24

resistant) properties

Smoke production
Smoke density (ASTM E 662) 80~100 80~100 200~250

when burning

Cable cleanness Amount of outgassing (VOC) (ppm) About 0.4 About 100 About 120

*1 : Heating conditions: PVC 100°C×120h, other 90°C×96h



tor of strength, are in the completely practical range,
on par with the commercially available halogen-free
flame-resistant material. In terms of durability to cold-
ness, the material can be used in temperatures lower
than those of the typical PVC (−50°C). Moreover, the
VOC-free Eco-Light product has flame resistance and
safety (in terms of low toxic gas and low smoke pro-
duction) at par with the commercially available halo-
gen-free flame-resistant materials.

4.3. Amount of outgassing (VOCs)

A comparison was made between the amount of
outgassing (VOCs) of the VOC-free Eco-Light
sheathed cable and that of PVC cables and commer-
cially available halogen-free cables.

As can be seen in Fig. 5, a large amount of plasticiz-
er was detected from the PVC,which was the highest
of the three samples. A large amount of outgassing
was also detected in the latter half of the chart for the
commercially available halogen-free materials, where
these VOCs were mostly low-molecular-weight paraf-
fin components. The VOCs seen in the other two

samples were not found in the VOC-free Eco-Light
product.

5. Characteristics of the VOC-free Eco-Light
product

Table 2 shows a performance comparison between
the VOC-free Eco-Light product vs. that of PVC and
commercially available halogen-free materials. The
VOC-free Eco-Light product developed in this project
has the following characteristics:
(1) Easy on the environment and people

In the disposal process, even in incineration, no
dioxins, no halogen gases, or other toxic substances
are produced, and when disposed of in a landfill,
there are no problems with elution, as there are no
heavy metals such as lead. Moreover, in case of fire,
no toxic gases are produced, and the amount of
smoking is also extremely small. 3) 4)

(2) Ease of recycling
The specific gravity of the VOC-free Eco-Light

product is 1.1. When compared to the specific gravity
of PVC (between 1.3 and 1.4), the difference in specif-
ic gravities can be used to easily separate and recover
the waste materials. 5)-8)

(3) Coloration
The material can be dyed to desired colors includ-

ing bright colors that are difficult with commercially
available halogen-free flame-resistant materials.
Additionally, there are vast improvements in terms of
weather resistance, which has been a problem with
brightly colored materials in the past, with superior
anti-fading performance as well.
(4) Superior flexibility

The material has flexibility on par with that of con-
ventional PVC.
(5) Superior electrical characteristics
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Table 2. Characteristics of eco cables.

Item PVC cable Commercially available eco cable VOC-free Eco-Light

(1) Dioxin production Yes No No

(2) Halogen Present Not present Not present

(3) Heavy metals such as lead Present Not present Not present

(4) Phosphorus compounds None Some/None None

(5) Thermal durability
Conforming Conforming Conforming

(Various standards)

(6) Specific gravity separation 
(Specific Gravity 1.4) Not Possible (Specific gravity 1.4) Possible (Specific gravity 1.1)

with PVC

(7) Coloration Excellent Bad Excellent (Equal to PVC)

(8) Weather resistance Good Bad Excellent

(9) Flexibility Excellent Bad Excellent (Equal to PVC)

(10) Electrical insulation
Good Good Good

properties

(11) Durability to coldness Good Good Excellent

(12) Rated temperature IV: 60°C EM-IE: 75°C EM-IE: 75°C

(13) Outgassing Bad Good Excellent

hold time (min) 

am
ou

nt
 o

f o
ut

g
as

si
ng

 (
V

O
C

) Outgassing due 
to plasticizers 

Resin residuals

PVC 
commercially available 

halogen-free material  

 VOC-free Eco-Light 

Fig. 5.  Amount of outgassing depending on the material.
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The material is superior to PVC cables in terms of
both electrical insulation characteristics and thermal
durability.
(6) Minimal outgassing

The VOC-free Eco-Light product produces out-
gassing of less than 1 ppm. This reduces the load on
the surrounding environment, enabling its use in
clean rooms.

6. Conclusion

Fujikura has been aggressively addressing environ-
mental issues since the creation of the Environmental
Maintenance Office in 1976, establishing, for exam-
ple, the “Fujikura Global Environment Charter.” The
VOC-free Eco-Light product developed in this project
is yet another step advancing these same concepts in
ecological friendliness, focusing on the theme of
“VOC-free: reduced load on the local environment,” a
theme that will be increasingly important in the
future. The VOC-free Eco-Light product will provide
the foundation for the development of new eco mate-
rials.
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