


Abstract
The wire and cable industry has long understood the 
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Studies indicate good potential use of 
CNS in trace or shielding compounds in 
applications where enhanced physical 

properties are required.

Iijima’s

Figure 2

2. Experimental

AGC Chemicals Americas Exton 
and AGC Chemicals Americas Thorndale

using a Keithley
ASTM D638

I) tensile bars and ASTM D790
Instron

Figure 1: Carbon Nano-Structures (CNS).
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Carbon Black vs. Standard Carbon Black.
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3. Results
3.1 Volume Resistivity

3.2 Tensile Properties

peak stress; ASTM D638)

Figure 5

Figure 6

Figure 5

Figure 6
Continued...

Figure 3: Volume resistivity (ohm-cm) vs. % CNS 
in low MFR ETFE.

Figure 4: Volume resistivity (ohm-cm) vs. % CNS 
for medium MFR PFA.

Figure 5: Peak Stress vs. % CNS for low MFR ETFE.

Figure 6: % Elongation at Break vs % CNS 
for low MFR ETFE.

Figure 7: Tensile Strength vs. % CNS 
for medium MFR PFA.
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3.3 Flexural Properties

Figures 7 and 8

3.4 Viscoelasticity 
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Figure 8b: Max. Flexural Stress vs. % CNS 
for medium MFR PFA.

Figure 8a: % Elongation at Break vs. % CNS 
for medium MFR PFA.

Figure 9a: Max. Flexural Stress vs. % CNS 
for low MFR ETFE.

Figure 9b: MFR vs. % CNS for low MFR ETFE.

Figure 10: MFR vs. % CNS for medium MFR PFA.

Figure 11: CNS in Low MFR ETFE - Viscosity 
vs. Rate-of-Strain.



pared against those obtained for conductive carbon black 
compounds based in the low MFR ETFE. The carbon black 
compounds were much more highly loaded (10%-16%, vs. 
0.2%-2.5% for CNS), but performance was similar in terms 
of volume resistivity. As follows:

A composite version of the capillary rheometry data 
from the CNS and carbon black compounds in ETFE is as 
presented, below.

Some trends were apparent from the rheometry data.

1. At typical loadings used for conductive and semicon-
ductive compounds, CNS and carbon black had similar 
impact on viscoelastic properties of the ETFE based 
compounds (Figure 12).

2. 
properties on a gram-per-gram basis, however.

3. CNS and carbon black compounds exhibited shear thin-
ning behavior at rates-of-strain greater than 500 sec-1.

This is largely as expected for ETFE-based compounds, as 
the ETFE is itself shear-thinning in its behavior.

Continued...
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inclusion of the CNS when bulk density of extruded pellets 
was measured. In the case of the low MFR ETFE, pellet 
bulk density decreased with increased loadings of the CNS. 
As follows:

For the medium MFR PFA, pellet bulk density increased 
with increased loadings of the CNS.

based CNS compounds in the future. 

The impact of the CNS on notch sensitivity (Izod impact) 
of the base resins will need to be studied

sion will need to be determined. 

Flame retardant status (per UL94) will need to be evalu-

carbon alternatives.

There are also plans to evaluate concentrate (masterbatch) 
forms of the ETFE- and PFA-based compounds, along with 

Figure 12a: CB in low MFR ETFE - Viscosity vs. Rate-of-
Strain.

Figure 12b: Composite of CNS and CB rheometry data.

Figure 13: Pellet bulk density vs. % CNS for low MFR ETFE.

Figure 14: Pellet bulk density vs. % CNS 
for medium MFR PFA.
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4. Conclusions
Our studies indicated that carbon nanostructures (CNS) 

have good potential for use in trace or shielding compounds 
in the wire and cable industry, particularly in those applica-
tions where enhanced physical properties are required. That 
potential is predicated upon suppliers’ ability to promote safe 
use of CNS, increase availability and maintain (if not reduce) 
production costs. 

Users of CNS need to ensure operators are adequately pro-
tected from hazards inherent to nano-scale materials. This is 
not an issue for end users that process wire and cable but is a 
special concern for compounding operations. Our experiments 
used a special wetted form of CNS, whereby the material 
was prevented from becoming airborne through addition of 
a proprietary high boiling-point liquid. 

At present CNS prices are well above highly structured 
conductive carbon blacks, at approximately $350-500 USD 
per kilogram (vs $30-50 per kilogram for conductive carbon 

of CNS means that conductive formulations can be created 
with similar (or even superior) cost structures to conventional 

allowing processors to run ‘resinrich’, thereby maintaining 
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