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 Research & Technology Organization of Government of Canada 

 Over 3,500 full-time employees

 Provides a broad array of technical and R&D services to the industry 

 Supports innovation finance for SME via Industrial Research Assistant Program (IRAP)  

NRC 

Automotive and Surface Transportation

& Advanced Manufacturing
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Technical areas:
1. High-volume high-performance composites
2. Advanced composites manufacturing efficiency
3. Bio-refineries and sustainable manufacturing
4. Value-added processing and polymer products
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 The only company dedicated solely to manufacturing of Thermal Carbon Black

 Plant with an annual capacity of 100 million pounds or 45,000 metric tons

 Thermax® thermal black is produced by cracking natural gas into its constituent elements: C and H 

 The hydrogen gas / reform gas is used as a fuel to heat the reactors for the production cycle up to 1100 

to 1500 oC releasing hot exhaust gases which are captured to produce steam that drives an electric 

generator = production of zero-emissions power

 Thermax® is one of the purest and cleanest carbon black available at the industrial scale

 Thermax® can be used in rubbers, insulation, refractories, metallurgy, concrete, ceramics, in plastics and 

composites.   

Cancarb overview



Particle Size Diameter and Structure

N7 6 2
( ~ 8 0 nm ) Therm ax® N9 9 0

( ~ 2 8 0 nm )

Thermal vs. Furnace Black Grades

 Carbon black can be broadly defined as very fine particle aggregates of carbon, possessing an amorphous
quasi-graphitic molecular structure

 The main distinction between Thermal black and Furnace black are particle size and structure

 Thermal black, due to its higher particle size (280 nm) and lower structure, compared to even the most
coarse furnace black, can be translated into excellent elastomeric compound properties

8

Low Structure

High Structure

Moderate Structure
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Cancarb overview

Thermal black is currently used as additive in rubbers for automotive applications:
Natural Rubber 
Nitrile Rubbers
Hydrogenated Nitrile
Polychloroprene
Fluoroelastomers
NBR/PVC Blends
Ethylene Propylene Rubbers
Chlorosulfonated Polyethylene Rubbers – CSM
Butyl and Halobutyl Rubbers

Current automotive rubber / thermal black applications: Truck tire tread, Gaskets and seals, Hoses, 

Belting, Cable Jackets, Molded/Extruded components, Passenger radial,  Anti-vibration, Conveyor belting, Adhesive tapes, 
Fabric proofing, Timing belts, Wire and cable, Valve Stem Seals, Shaft Seals, ‘O’ Rings, Inner tubes for tires, Heat resistant 
conveyor belts, Tire Inner liners, Tank linings, Side Walls, Dampers/bridge bearing pads, Tire curing bladders, 
Adhesives/sealants , Steam/Automotive Hoses and so on…

Belting

Hoses

Bearing pads

Valve Stem Seals
Fabric proofing

Inner tubes for tiresTire Inner linersShaft SealsWire and cable

Tire curing bladders

‘O’ Rings



Objective of this work
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 To evaluate the effect of N990 thermal black when used in different concentrations in 3 thermoplastic resins:
polypropylene (PP), polyamide 6 (PA6) and polyphenylene sulfide (PPS);

 To compare the performances of thermoplastics containing thermal black vs. furnace black compounds and
at commercial mineral filled compounds having automotive approvals.

 To prove the feasibility and to demonstrate the advantages of thermal black utilization in thermoplastics for
automotive applications.

Steps Execution 

Extrusion compounding and injection-molding Thermal and furnace black were compounded 
with PP, PA6 and PPS commercial grades by 
twin-screw extrusion

Compounds characterization
Evaluation of the tensile properties, Izod impact 
resistance, heat deflection temperature, 
morphology, rheology and electrical resistivity 
of  the compounds.

Data Analysis



Materials and formulations 

Materials:
 PP: Pro-fax PD702 PP homopolymer from Lyondell Basell, injection molding grade;
 PA6: Ultramid B27 from BASF, extrusion and injection molding grade;
 PPS: FORTRON® 0214 from Celanese, for injection molding and extruded applications;
 Thermal black: N990 Cancarb;
 Furnace black: N762 – only in one formulation for comparison purposes.
 No coupling agent was used for N990 and N762 evaluation in PP, PA6, and PPS.

Formulations:

Thermoplastic 

Matrix

Thermax® N990 
Thermal Black

N762 

Furnace Black

PP 1 wt.% 3 wt.% 5 wt.% 20 wt.% 40 wt.% 5 wt.%

PA6 1 wt.% 3 wt.% 5 wt.% 20 wt.% 40 wt.% 5 wt.%

PPS 1 wt.% 3 wt.% 5 wt.% 20 wt.% 40 wt.% 5 wt.% 

1 1



 Dispersion and distribution of the two (2) types of carbon black in the compounds were evaluated by scanning electron 
microscopy (SEM). Fractured surfaces resulted from impact tests were analyzed. 

 Effect of the two (2) types of carbon black on the rheological properties of the polymer were investigated through 
oscillatory rheometry. The tests performed allow for the determination of the shear viscosity as a function of the shear 
rate.

 Tensile properties were determined according to ASTM D638. The results are presented in terms of tensile modulus 
(TM), tensile strength (TS) and elongation at break  (ε%).

 Izod impact strength (IS) was determined according to ASTM D256.

 Heat deflection temperature (HDT) was determined according to ASTM D648 at a pressure of 0.45 MPa.
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Characterization methods

Conditioning before mechanical and thermal characterization:
The samples were conditioned in a vacuum oven at 80 oC for PP and PA6 compounds and at 115 oC for PPS 

compounds, at 0% humidity for 4 hours. The samples were tested immediately after conditioning.    
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Morphology of Thermax® N990 as received 
SEM

x2,000 x15,000

x30,000 x30,000

agglomerations

agglomerations
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Dispersion and distribution of N990 - SEM 

PP / 40 wt.% N990

Good dispersion and distribution: N990 particles were uniformly distributed in each matrix

Fractured surfaces – from impact tests

PA6 / 40 wt.% N990

x5,000

x5,000

PPS / 40 wt.% N990

x5,000
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Dispersion and distribution (SEM)
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PP / 1 wt.% N990

x15,000

x40,000

PP / 5 wt.% N990

x15,000

x40,000

agglomerations

PP / 40 wt.% N990

x15,000

x40,000

agglomerations

Fractured surfaces – from impact tests
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Dispersion and distribution (SEM)
N990 versus N762

PP / 5 wt.% Thermax® N990

PP / 5 wt.% furnace black N762

agglomerations

agglomerations

Fractured surfaces – from impact tests

x5,000 x15,000 x40,000

x5,000 x15,000 x40,000



Rheological properties - Oscillatory rheometry

As expected, the viscosity of PP / N990 compound increases
with N990 content. However, it remains very similar to that of
pristine PP up to a concentration of 20 wt.% N990. This
indicates that PP / N990 compounds should have a similar
processability as pristine PP for conventional plastic
processes (extrusion, injection-molding, etc.).

PP / N990 (40 wt.%) shows a higher viscosity at low
frequencies. This is due to high N990 concentration and also
tends to suggest a rheological percolation (*the threshold of
carbon black percolation in PP suggested in literature starts at
19-21%).

PP / 40 wt.% N990 is slightly more viscous at high frequencies
than the other PP compounds. For large scale compounding it
can be produced as masterbatch with the purpose to reduce
packaging, cost transportation etc.

*R. TCHOUDAKOV, 0. BREUER, and M. NARKIS, Conductive Polymer Blends With Low Carbon Black, Loading: PP/PA6, Polymer Engineering and Science, 1996, Vol. 36-10. 18



Properties comparison
PP / Thermax® N990 compounds
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Tensile 
Strength 
(MPa)

Tensile 
Modulus 
(MPa)

Elongation 
at break 

(%)

Impact 
Strength 
(kJ/m2)

HDT

(oC)

Cost 

($/lb)

PP PD702 31.0 1100 910.0 3.2 88.0 1.000

1 wt.% N990 27.2 1158 928.3 2.7 95.9 0.999

3 wt.% N990 28.7 1408 931.8 3.6 97.3 0.997

5 wt.% N990 28.9 1459 932.5 2.5 100.2 0.995

5 wt.% N762 28.4 1348 928.8 2.2 97.7 0.995

20 wt.% N990 27.2 1834 95.3 2.4 100.0 0.981

40 wt.% N990 26.1 2717 3.9 1.0 105.1 0.872

Commercial: PP / 40wt.% talc

Accutech HP0334T40L
26.0 2600 12.0 3.0 125.0 ~ 1.000

 The addition of mineral particles in a thermoplastic matrix usually leads to a
decrease in tensile strength, particularly at high loadings. It was not the case for
Thermax® N990.

 Advantage: High loadings of Thermax® N990 can be used in PP without
significant changes in tensile strength.

 As expected, at higher loading in Thermax® N990:
 Tensile modulus highly increases, Elongation at beak highly decreases and

Impact Strength decreases by 50%

 PP/Thermax® N990 compounds have adequate HDT for automotive interior
applications (HDT > 90 oC).

 12-13% cost reduction at high concentrations of Thermax® N990.
 PP/Thermax® N990 and PP/Furnace black N762 have similar behaviors
 PP / 40 wt.% N990 compares very well to commercial grades for auto.
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Dispersion and distribution (SEM)
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PA6 / 1 wt.% N990

x15,000

x40,000

PA6 / 5 wt.% N990

agglomerations

PA6 / 40 wt.% N990

agglomerations

agglomerations

Fractured surfaces – from impact tests

x15,000

x40,000

x15,000

x40,000
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Dispersion and distribution - (SEM)
N990 versus N762

PA6 / 5 wt.% Thermax® N990

PA6 / 5 wt.% Furnace black N762

Fractured surfaces – from impact tests

x40,000

x40,000

x15,000

x15,000

x5,000

x5,000
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The viscosity of compounds increases with Thermax® N990 content.

The viscosity of PA6 containing 1, 3, 5 and 20 wt.% Thermax® N990 
remained very similar to pristine PA6 for all frequency range. Lower 
viscosities at medium and high loadings can bring benefits in 
reduced energy consumption and higher throughput rates for 
industrial manufacture of those compounds. 

It can be observed that the complex viscosity of the PA6 / N990 
composite increases at 40 wt.% N990 due to the very high content 
in N990 and also tends to suggest a rheological percolation (*the 
threshold of carbon black percolation in PA6 suggested in literature 
would be at around 25%). 

PA6 / Thermax® N990 (40 wt.%) is obviously slightly more viscous 
at high frequencies than the other PA6 compounds. For large scale 
compounding it can be produced as masterbatch with the purpose 
to reduce packaging, cost transportation etc.  

*R. TCHOUDAKOV, 0. BREUER, and M. NARKIS, Conductive Polymer Blends With Low Carbon Black, Loading: PP/PA6, Polymer Engineering and Science, 1996, Vol. 36-10. 

Rheological properties - Oscillatory rheometry



Properties comparison
PA6 / Thermax® N990 compounds
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Tensile 
Strength 
(MPa)

Tensile 
Modulus 
(MPa)

Elongation at 
break 
(%)

Impact 
Strength 
(kJ/m2)

HDT

(oC)

Cost 

($/lb)

PA6 B27 80.0 3000 15.0 2.4 160.0 3.75

1 wt.% N990 73.0 2974 109.5 3.8 147.5 3.72

3 wt.% N990 76.5 3295 39.3 3.5 188.7 3.66

5 wt.% N990 77.3 3376 45.8 3.6 186.6 3.61

5 wt.% N762 77.4 3178 98.4 2.6 185.7 3.61

20 wt.% N990 78.2 3687 12.6 2.6 182.6 3.18

40 wt.% N990 74.5 4851 2.7 2.6 181.3 2.52

Ultramid B3M6 30 wt.% mineral

Commercial grade 80.0 4600 5.0 6.4 195.0 ~ 3.00

 Tensile strength: slightly lower than PA6, 80 MPa, but the values remain overall in the
same range (73 – 78 MPa), even at high loadings. This seems to indicate a good
adhesion between PA6 and Thermax® N990

 Advantage: High loadings of Thermax® N990 can be used in PA6 without significant
changes in tensile strength.

 Tensile modulus increases with Thermax® N990 content
 Elongation at beak highly increases at low loadings
 Impact Strength increases by 50% at low loadings
 HDT increases with Thermax® N990 content, up to around 189oC
 Up to 35 % cost reduction at high concentrations of Thermax® N990.
 PA6/Thermax® N990 and PA6/Furnace black N762 present similar performances.
 PA6 / 40 wt.% N990 compares very well to commercial grades for auto.
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Dispersion and distribution - (SEM)
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PPS / 1 wt.% N990 PPS / 5 wt.% N990

agglomerations

PPS / 40 wt.% N990

agglomerations

Fractured surfaces – from impact tests

x15,000

x40,000

x15,000

x40,000

x15,000

x40,000
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Dispersion and distribution – SEM
N990 versus N762

PPS / 5 wt.% Thermax® N990

PPS / 5 wt.% Furnace black N762

Fractured surfaces – from impact tests

x5,000 x15,000 x40,000

x5,000 x15,000 x40,000



Rheological properties - Oscillatory rheometry
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The viscosity of PPS compounds increases with Thermax® N990
content.

Up to 5 wt.% Thermax® N990 , the viscosity of PPS compounds
remains very similar to that of pristine PPS. Similar to PP and PA6
compounds, lower viscosities at medium and high loadings can
bring benefits in reduced energy consumption and higher throughput
rates for industrial manufacture of those compounds.

At higher N990 contents, PPS shows higher viscosities, especially
at low shear rates. This tends to indicate a rheological percolation
starting probably at 20 wt.% N990 in PPS.

PPS / 40 wt.% N990 is obviously more viscous than the other PPS
compounds. For large scale compounding it can be produced as
masterbatch with the purpose to reduce packaging, cost
transportation etc.
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Tensile 
Strength (MPa)

Tensile 
Modulus 
(MPa)

Elongation at 
break 
(%)

Impact 
Strength 
(kJ/m2)

HDT

(oC)

Cost 

($/lb)

PPS 82.1 3661 3.3 2.7 167.1 12.50

1 wt.% N990 72.3 3780 2.3 2.6 171.8 12.38

3 wt.% N990 68.6 3819 2.1 2.5 184.6 12.15

5 wt.% N990 70.4 4030 2.1 2.6 190.0 11.92

5 wt.% N762 72.0 4097 2.1 2.4 188.7 11.92

20 wt.% N990 62.0 4994 1.4 1.5 195.9 10.18

40 wt.% N990 53.4 7056 0.8 1.5 216.8 7.77

Commercial: PPS / 40% mineral

ZENITE® SEA20N ‐ Celanese 105 10,000 4.0 4.0 220.0 12.50

 Tensile strength of PPS compounds decreased with N990 content; this is due
probably to a lack of affinity between PPS and thermal black

 Tensile modulus increases with Thermax® N990 content and doubles at 40% N990
 Elongation at beak slightly decreases at high loadings
 Impact Strength decreases at high loadings
 Thermax® N990 will increase the brittleness PPS which is already a very brittle
 HDT increases with Thermax® N990 content, up to around 217oC (HDT - under the

hood > 205 oC).
 Up to 40 % cost reduction at high concentrations of Thermax® N990
 PPS / 5% Thermax® N990 and PPS / 5% Furnace black N762 present similar

performances.
 PPS / 40 wt.% N990 needs some improvements compared to commercial

grades for auto.

Properties comparison
PPS / Thermax® N990 compounds



CONCLUSIONS and ADVANTAGES
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 Compounding: PP, PA6 and PPS containing from 1 up to 40 wt.% Thermax® N990 can be easily compounded. 
Extrusion parameters were similar as for compounding of thermoplastic / minerals (talc, CaO etc.) usually 
used in automotive applications. 

 Morphological observations: 
� A very good distribution/dispersion was observed in each matrix for all concentrations of N990;
� Even at 40 wt.% N990, no percolation of thermal black was observed – this confirms the lack of conductivity of all 

those compounds;

 Rheological observations:
� The viscosity of PP, PA6 and PPS compounds containing up to 20 wt.% N990 remained very similar to pristine 

polymers. Therefore, these lower viscosities are very advantageous for industrial manufacture scale 
because the reduced energy consumption and higher throughput rates; 

� The viscosities were increased when 40 wt.% N990 was used in thermoplastic compounds and should be 
further recommended for masterbatch production with the purpose to reduce packaging, cost 
transportation etc. 

� As expected, compounds containing N762 carbon black presented slightly higher viscosities compared to N990 
compounds, due to their low structure and smaller particles.



31

 Mechanical properties
� Preservation of tensile strength values compared to pristine matrix 

and compared to usual talc or other mineral filler compounds currently 
used in automotive interior parts fabrication;

� Similar or higher impact strength values for compounds containing up 
to 20 wt.% N990 compared to pristine matrix (exception of PPS 
compounds due to the very brittle nature of the PPS).

 HDT: the measured values for PP, PA6 and PPS compounds were 
slightly lower or similar to HDT values recommended for automotive 
applications. Improvements can be further obtained by optimizing the 
formulation of those compounds. 

 Due to the price of N990, around 2 $/kg, is very advantageous to use it in 
compounds based on PA6 (4.5 – 7.5 $ / kg) and PPS (around 25 $/kg). 

 Very good coloring agent at as low as 1 wt.%.
 Excellent  surface quality.  

CONCLUSIONS and ADVANTAGES



3
2

T
h

a
n

k
 y

o
u

 f
o

r 
y
o

u
r 

a
tt

e
n

ti
o

n
!

Q
u

e
s
ti

o
n

s
?

View publication statsView publication stats

https://www.researchgate.net/publication/317566836

