
Effects of Surface Treatment of Carbon
Black by Polymerization Compounding on

Rheological Behaviour of Carbon Black
Composites

Treatment of carbon black (CB) through polymerization compounding not only
increases the adhesion between polymer and CB but also helps to disperse CB into
a viscous matrix with existing equipment. Polymerization compounding was used

to graft poly(ethylene oxide) (PEO) chains on the CB. Scanning electron micrographs
suggest a strong interaction between the polymer and the treated CB. The rheological
properties of poly(ethylene oxide)(PEO) composites containing treated CB  and untreat-
ed CB at four levels CB (5, 10, 20 and 30% by wt) were studied. The complex viscosity
of the composites containing up to 10% of treated CB was found to be smaller than that
of the polymer matrix and considerably smaller than that of composites containing
untreated CB. The elastic characteristic time based on the ratio of storage and loss mod-
ulus was found to be approximately independent of the CB content and of the surface
treatment.
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The filled polymer composites have
a number of applications such as
electrical conductivity, anti-static
layer, chemical vapour sensor and
thermal resistor [1-3]. Balancing of
the electrical conductivity with
desirable rheological behaviour is

one of the challenges faced the poly-
mer industry. Electrical conductivity
in polymers can be incorporating
conductive fillers, such as carbon
black (σCB =10-1-102 Ω.cm-1).
Active carbon blacks contain typi-
cally 1019 to 1021 free spins per
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gram. Carbon black particles (size 10-50 nm) are
extremely porous materials and, consequently, are
characterized by large surface area (100-2000 m2/g)
[4]. In composites with low loading of carbon black
conductivity is essentially that of the dielectric polymer
medium. As the loading increased, agglomerate of filler
particle being to form, and network of conducting
phase is formed. An abrupt conductivity increase is
generally observed when the percolation threshold is
reached, at a critical volume fraction. The electronic
transport in these composites proceeds via hopping of
charge carried between the carbon black conducting
aggregates, separated from each other by an insulating
or ionic conducting polymer [5].

Typically, polymer matrices require either higher
concentrations of carbon black (CB), or other conduc-
tive filler, to achieve sufficient electrical conductivity
for various applications. These high filler concentra-
tions often come at the expense of mechanical perform-
ance and ease of processing [3]. It is precisely this case
of processing and durability of the final product that
makes conductive polymer composites. 

Poor compatibility between the CB and polymer is
the main drawback of CB as filler for thermoplastic
materials, a pretreatment of CB surface or a surface
modifier is generally required. CB does not produce
significant enhancement when it is used with thermo-
plastic materials [6]. This is attributed to variety of
parameters including those commonly encountered
with composites materials, i.e. poor adhesion between
the CB and polymeric matrix. Poor dispersion of the
CB in the viscous polymeric matrix and poor wetting of
the CB surface by the polymeric matrix also contribute
to this effect. 

Several researchers have improved the mechanical
properties of CB/polymer composite by the surface
treatment of the filler, as filler improves the interfacial
strength between polymer and filler [3,6]. But, it may
alter other properties (e.g., modulus, electrical conduc-
tivity, etc.) and increase the cost of the overall compos-
ite system.

Polymerization compounding is an approach aimed
at partially overcoming the above-cited limitations. The
surface of the CB materials as a support for polymeriza-
tion can be used. The polymer synthesized on the sur-
face of the solid filler will be used either as a matrix in
the final composites or else as a special surface treat-

ment. In the latter case, the grafted polymer can be
either identical or compatible with the matrix of the
composites. This approach has been used with variety of
polymerization techniques and reinforcing agents [7-8].

More recently, grafted carbon black (GCB) with
short polymer chain has been used as the composite
filler. In this report, the rheological properties of carbon
black filled poly(ethylene oxide) composites were
investigated. Two different carbon black grades were
used to produce conductive composite. The rheological
behaviour of carbon black grafted with low molecular
weight PEO chain in a PEO matrix have been consid-
ered and properties of these composites are compared
to ungrafted carbon black, UCB/PEO, composites.
Morphological and the effect of carbon black loading
on rheological behaviour and of these composites are
also investigated. 

EXPERIMENTAL

Material
Carbon black EC-300 J with d = 1.95 g/cm3 used as the
conductive filler was obtained from Akzo Noble chem-
ical company. Poly(ethylene oxide) with Mv=300,000
and d=0.91 g/cm3 and the other chemicals used in this
study were supplied from Aldrich chemical company. 

Carbon Black Modification
The CB was dried under vacuum and then charged into
an 8L reactor purged with dried argon (Praxair),
equipped with a mechanical agitator. The CB was fur-
ther dried overnight in the reactor under vacuum at
120oC. The system was allowed to cool down to 60oC
and then charged with freshly distilled and dried hexa-
ne (EM Science). An amount of 1.75 mL for 50 g car-
bon black of titanium tetrachloride catalyst, TiCl4, was
added and allowed to react with the CB for at least 1h.
Additional amounts of TiCl4 were introduced and
allowed to react for 1h until traces of TiCl4 could be
detected in the reaction medium by a change of colour.
The excess catalyst was then washed out using freshly
distilled and dried hexane. One mL of triethyl-alumini-
um co-catalyst, Al(ET)3, from Aldrich was then added
in the reactor ( at a Ti/Al ratio of approximately 1) and
allowed to react for 20 min. Dried ethylene oxide was
then bubbled in the reactor under a small positive pres-



sure. The reaction was stopped after 1h by adding
methanol (BDH) in the reaction medium. The modified
CB was recovered by filtration, washed with acetone
several times and dried under vacuum for 24 h. The
quantity of poly(ethylene oxide) chains grafted to the
CB estimated by thermal gravimetric measurements
(TGA), was about 56 % by wt, confirming the value of
57% estimated by DSC. The molecular weight of the
grafted polymer chains is unknown. 

Compounding
A Haake system of 40-Laboratory mixer was used to
prepare composites containing 5, 10, 20 and 30% by
weight of the dry CB for both grafted (GBC) and
ungrafted CB (UCB). The composition of composites
is listed in Table 1. The mixing conditions were set at
60 rpm for the rotational speed of the mixing device
and the mixing temperature was 100oC. In these tests,
nitrogen gas was fed through the mixing chamber to
minimize thermal degradation by oxidation.

Rheological Testing
The compounds prepared by the Haake internal mixer
were compression moulded at 100oC, using a laboratory
press, in to discs having 1.5 mm thickness and 25 mm
diameter for rheological tests. For comparison purpos-
es, steady shear viscosities were measured as a function
of shear rate with a Rheometric Scientific rotational
rheometer (AR-2000) using 25 mm diameter parallel
plates’ fixtures. All measurements were carried out in a
nitrogen atmosphere at 100oC. Time sweep tests were

carried out on all the samples to ensure that no thermal
degradation occurs for the duration of the tests. Strain
sweep tests were performed in order to determine the
linear viscoelasticity domain. The viscoelastic proper-
ties were determined in the linear domain for a strain of
about 0.1 (corresponding to 5 and 1000 Pa). Frequency
sweep test from 0.01 to 100 s-1 were then performed at
5% strain. Dynamic measurements in parallel plate
geometry were also carried out and Cox-Merz rule was
found to be valid for the different samples used in this
work.

Microscopic Observation
Scanning electron microscopy (SEM) was used to
determine the interface properties. Unmodified and
modified CB samples were examined. All surfaces of
samples were coated with gold-palladium alloy under
vacuum prior to investigation. 

RESULTS AND DISCUSSION

The morphology of the treated CB changed drastically
after the composites was moulded compared to the
untreated CB composite. The morphology of the treat-
ed CB changed in such a manner that could be fed in to
melt matrix, whereas the unmodified CB is needed to
be force-fed. Figure 1 shows the fracture surfaces of
polyethylene oxide treated and untreated CB compos-
ites. A very poor dispersion and no adhesion between
the CB and matrix are observed for the PEO composite
compared with untreated CB (Figure 1a). The untreat-
ed CB composites prepared by the Haake internal
mixer were not subjected to high shearing. Hence, the
dispersion of the untreated CB in the matrix was very
poor. As was shown in micrograph of Figure 1b the
morphology of the treated CB changed drastically after
the composites was moulded compared to the untreated
CB composite. The rheological properties of our com-
posites are possibly affected by the presence of a signif-
icant of the grafted PEO chains (representing 56% by
wt of the CB) that are probably of much lower molec-
ular weight than the matrix. Obviously, the conditions
of the polymerization compounding (PC) used to pre-
pare the grafted CB were not necessarily optimum and
a much more research effort is needed to explore the
advantage of PC compared to other treatment tech-
niques. At this point the main advantages are the facil-
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Table 1. Compositions of PEO composites and their densities.

Code
Type of

CB

Contents of

PEO (g)

Contents of

CB (g)

Density

(g/cm3)

PEO

UngCB/95-5

UngCB/90-10

UngCB/80-20

UngCB/70-30

GCB/95-5

GCB/90-10

GCB/80-20

GCB/70-30

------

UCB

UCB

UCB

UCB

GCB

GCB

GCB

GCB

36.94

36.48

35.64

33.86

32.03

35.53

31.7

24.8

13.8

0

1.92

3.96

8.40

13.71

4.67

9.6

21.7

31.7

0.91

1.15

1.20

1.24

1.27

1.15

1.21

1.26

1.32
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ity of dispersing the CB in polymeric matrix, to lower
viscosity of the composites as seen in the next section   

Linear Viscoelastic Properties 
The rheological properties of the CB composites were
investigated since these are key factors in the optimiza-
tion of injection moulding and other processing condi-
tions. In general, the addition of CB is known to affect
the flow properties of composites, and this effect has
been shown to depend on the interfacial interaction and
on the degree of dispersion.  

The PEO composites were found to be unstable at
temperatures of 140oC and above. However, the ther-
mal stability was excellent at 100oC as was shown in
Figure 2 that reports the variation with time of the com-
plex viscosity for matrix and 5, 10, 20 and 30% by wt
treated and untreated CB composites (Figure 3). The

tests were started 10 min after the sample was placed in
the rheometer. The results indicate that the composites
were quite stable during the rehological measurement
at 100oC, at least for 3600 s. We note that the complex
viscosity and storage modulus for the composites con-
taining 30% of untreated CB are considerably higher
than those for the composite containing treated CB. 

The complex viscosity and the loss modulus as
functions of the frequency in the linear region are pre-
sented in Figures 4 and 5. The results show that the rhe-
ological behaviour of the composites is very similar to
that of the matrix. Figure 4 indicates thus as expected,
the melt viscosity and storage modulus increase with
CB content for untreated CB composites. Two factors
may be cited to be responsible for the effect: first, the

Figure 1. SEM Micrographs of PEO/CB composites: (a)
untreated CB composites, (b) PEO-grafted CB composites.

(a)

(b)

Figure 2. Time seep test for grafted carbon black/poly(ethyl-
ene oxide) composites in 100oC.

Figure 3. Time seep test for untreated carbon black/poly
(ethylene oxide) composites in 100oC.
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stiff particles perturb the normal (laminar) flow of the
polymer matrix, and second, they may hinder the
mobility of chain segments in flow. The increases are
more important in the low frequency regions.

For the treated CB composites, the properties first
decrease with increasing CB content. As was shown in
Figure 5, the complex viscosity and storage modulus of
the composite containing 5% treated CB is smaller than
those and the matrix. For the higher concentrations
both properties increase with increasing CB content.
Figure 6 compares the complex viscosity of both sys-
tems as functions of the CB content at 0.01 and 100 Hz.
The complex viscosity of the 5% treated CB (GCB)
composite is about 15% smaller than that of the matrix

whereas, for 10% treated CB composites the complex
viscosity is about that of the matrix. It seems that up to
5% GCB, the effect is like lubricant, which decreases
viscosity, similar lubricant effects have been observed
for the addition of wood fibres treated by a convention-
al coupling agent, such as silane [9-10], or treated by
plasma or corona [11]. Similar effects have also been
noted in polymer melts containing lubricants such as
wax or flurochemicals [12]. While CB alone cannot be
considered as a lubricant for PEO, it is possible that a
lubricating effect in treated CB of the composites. 

At the same loading of CB, the composites contain-
ing treated CB (GBC) show smaller melt viscosities
with respect to the compounds containing CB. The

Figure 4. (a) Complex viscosity; (b) storage modulus of UCB
/PEO composites as a function of shear rate.

(a)

(b)

Figure 5. (a) Complex viscosity, (b) storage modulus of GCB
/PEO composites as a function of shear rate.

(a)

(b)
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lower rheological properties of the treated CB compos-
ites are due in part to the better dispersion of the CB in
the matrix. On the other hand, the grafted polymer
chains on the CB represent a non-negligible fraction of
the total polymer (57% by wt of PEO is grafted on the CB
surface). This decrease in viscosity is resulted from the
shorter length chain of the grafted CB compared with the
matrix, which was attributed to the increases in the chain
mobility at the interfacial zone. Unfortunately, the molec-
ular weight of the grafted chains is unknown, but
believed to be much lower than the PEO used for the
matrix. This is equivalent to a dilution or lubrication

effect resulting in lower viscosity. The fact that the curves
in Figure 6 are almost parallel supports the hypothesis of
dilution effect due to the grafted PEO chains.

Figure 7 presents the elastic characteristic time, λ, as
a function of the CB content for the treated and untreat-
ed CB composites. This elastic time is defined by [13]: 

where Gî is the loss modulus. We note from the Figure 7
that the elastic time increases very little with increasing
CB content for both systems and is not a function of the
CB treatment. The elastic time is much longer at low
frequency than at high frequency. 

The Carreau-Yasuda Model
An especially useful form of constitutive model has
been described by Carreau [13]. He sets:

(η−η∞) = (η−η∞) [1+(λγ)2](n−1)/2

which combines all the power law region and the two
Newtonian regions. This equation is a semi-theoretical
model which sets between two model groups being
based on a theoretical conception and empirical param-
eters in order to expand its validity also to practice-ori-
entated problems. These groups comprise the equations
modified according to Carreau, like Carreau-Yasuda

ω′′
′

=λ
G
G

Figure 6. Comparison of the complex viscosity for treated
and untreated CB composites at 0.01and 100 Hz and 100oC.

Figure 8. Experimental value (rheometry result) and those
predicted using the Carreau-Yasuda model of the apparent
viscosity (η) as a function of frequency for pure PEO at
100oC.

Figure 7. Comparison of the characteristic elastic time for
treated and untreated CB composites at 0.01 and 100 Hz and
100oC.
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equation. The Carreau-Yassuda modified model has
been used for the shear viscosity of polymer:

Where η0 is the zero shear viscosity, t and a define the
transition from Newtonian to power-law region and γ. is
shear rate. For poly(ethylene oxide), the Carreau-Yas-
suda modified model parameters (η0= 315722.8, t =
0.199 and a = 0.229 ) were used [14].

The experimental and predicted values of the vis-
cosity function versus shear rate are given in Figure 8.
Comparison of the experimental data versus the predi-
cated data shows a high degree fitted the range of vis-
cosities. As can be observed in Figure 8, the experi-
mental data are well fitted by the Carreau-Yasuda
model with slight difference in the overlapping range,
which depends on the material. The test result was
obtained using the rotational rheometer (AR-2000) and
it is shown that difference between the experimental
and model data appearsin the higher frequency range.
The model parameters such as η0, a ,� depend on the
mean molecular mass Mw and molecular mass distribu-
tion Mw/Mn which are significant for comparing the
practical evaluations of the melt.

CONCLUSION

Poly(ethylene oxide) (PEO) composites with unmodi-
fied and PEO modified carbon black were prepared. The
CB modification was carried out using polymerization
compounding and the PEO grafted CB contained about
57%. Rheological data indicate an important effect of
the CB surface modification on the properties of such
composites. The viscosity of moulded PEO composites
containing grafted CB was found to be much smaller
than of the composites containing untreated CB, and
smaller than of the matrix up to a 10% CB. The large
plasticizing effect, similar to that was observed when a
coupling agent was used, is attributed to a dilution effect
due to the lower molecular weight of the grafted chains.
The main advantages of the polymerization compound-
ing for preparing composites appear to be facility in dis-
persing the CB in the matrix, and the considerably
reduced rheological properties.
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