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Abstract : The properties of ABS(Acrylonitrile-Butadiene-Styrene) and conductive carbon
black composite have been studied based on yield stress. The apparent viscosity of ABS-
carbon black cmposite was found to be increased with increasing carbon black content
and with decreasing temperature, The Power Law index was decreased with increasing
temperature, The apparent viscosity of the composite was affected by the structure of
carbon black. The value of apparent viscosity has been fund to be higher in the developed
filler structure. The activation energy at the constant shear rate was found to be decreased
with increasing shear rate. The die swell ratio was not affected by the various medium,
however, the die swell ratio was decreased with increasing caron lack content of the composite.
The yield stress which was calcylated by Casson’s equation was decreased with increasing
temperature, The yield stress was decreased with decreasing carbon black content of the
composite, The yield stress of the composite was observed when the cross head speed was
0.1 to 0.15 cm /min, however, the yield stress was not affected by changing the capillary

of the rheometer.
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INTRODUCTION

It is well known that the mechanical properties
of polymer can by varied by the addition of vario-
us fillers.,! Many polymeric composite materials
which are filled with carbon black were prepared
and suggested different mechanical propelrties.2

Conductive polymers have various excellent
properties such as lightening the weight, thermal
and electric insulations, corrosion resistancy, and
good absorption.

ABS is one of the typical engineering plastics
which has good tensile strength and chemical
durability.
posites are used in discharging static electricity,

ABS-conductive carbon black com-

heat conduction, EMI(Electromagnetic Interfe-
rence), electrical heating, converting the mechanical
signals to electrical signals, and electroplating
plastics. i

The rheological properties of polymer and filler
systems have been studied for a long time. It
is generally accepted that the problems are occurred
by mutual interactions between polymer and
filler when they are mixed together. Watson”
reported that the viscosity was increased with
decreasing particle size of carbon black in the
rubber and carbon black system. Smaller particles
exhibit the similar behavior discussed above due
to the greater surface areas. The viscosity was
affected by the structure of carbon black. The
structure of carbon black is a coagulated state
of fine carbon black particles,“ In the mixture
of carbon black and rubber, viscosity, 7, is known
to increase with increasing degree of carbon black
structure,

In this study, the shear stress and die swell
ratio as a function of shear rate were investigated,
and the apparent viscosity, yield stress and activation
energy with various carbon black contents were
also calculated, The effects of filler on the rheological
properties of the ABS and carbon black system
were also determined in order to investigate the
viscosity of the ABS and carbon black system.

EXPERIMENTS

Materials

ABS (HF-350, Lucky Co, Ltd.) and carbon
black (Ketjenblack EC furance black and Vulcan
XC-72, Cabot Corp.) were used in this study.
Carbon black and ABS were sicved in order
No. 30
and No. 12, respectively) ABS was dried at 60C
for 30 minutes and carbon black was dried at
150°C for 2 hrs. The characteristics of the samples

to get reasonale particle sizes. (ASTM

used in this study are given in Table 1.

In order to determine the effect of mixing
time, the weighed samples were mixed for 4,
8, 12, 24 and 48 hrs. Micron photosizer (SKA-
5000, Japan) was employed to measure the particle
sizes of carbon black. Ethanol as medium and
supersonic dispersor were used in this study.

Measurement of Rheological Properties

The rheological properties were measured by
using Instron Capillary Rheometer (Model 3211,
USA). The ratios of L /D of capillaries used
here were 20, 33.3 and 40, and the experimental
conditions are given in Table 2,

The moisture of samples was completely removed
to prevent bubble formations during the measu-

Table 1. Composition of Sample, in Parts by Weight

Sample Number 1 2 3 4 5 6 7 8 9
ABS 100 100 100 100 100 100 100 100 100
EC Carbon Black - 3 5 10 20 - - - -
Vulcan XC-72 - - - - - 3 5 10 20
Weight Fraction (%) - 291 4.76 9.09 16.67 291 4.76 9.09 16.67
Volume Fraction (%) - 1.70 2.81 5.46 10.36 1.70 2.81 5.46 10.36
Density 1.040 1.062 1.076 1.109 1.167 1.062 1.076 1.109 1.167
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Table 2. Experimental Condition

Sample 3 Capillary
Number Temperature (C) Size(L /D)
1 180, 190, 200, 210, 220, 230 20, 333, 40
2 180, 190, 200, 210, 220 .
3 - ~
4 »
5 »
6 180, 190, 200, 210 33
7 » -
8 » »
9 »

rements, The apparent viscosity was calculated
by the following equations.’

y= (2D%/15D*) V¢
7= (D /zD%L)F
7]: T/’y

where, 7 is the apparent viscosity, D is the diameter
of capillary, Dp is the diameter of plunger, F
is the force on the plunger, L is the length of
capillary, V¢ is the cross head speed, ¥ is the
shear rate, and 7 is the shear stress.

Die swell ratio was measured under the frozen
states in water bath, silicon oil bath, and air,

To measure the die swell, round filament was
collected in length of about 5cm, The round filament
diameters were measured with a micrometer at
points around the circumference about 2.5 cm
from the leading end of the sample.

RESULTS AND DISCUSSION

Mixing time is important in filled system.”
According to White and Crowc]er,9 the apparent
viscosity was increased with decreasing particle
size, The comparison betweeen particle size and
mixing time is shown in Table 3. From Table
3, it can be seen that the particle size of carbon
black was almost independent of mixing time
when carbon black was mixed for more than
12 hours, From Fig. 1, the viscosity of the composite
was also independent with mixing time of 12,

F2|H 138 43 19894 5¥

Table 3. Average Particle Size by 50 Weight Percent
(Ketjenblack EC)

Mixing Time(hr) 0 4 8 12 24 48
030 032 034 038 041 039

Particle Size(micron)

109

Apparent viscosity(poise)

10° 1 L 1
10’ 10° 10

Shear rate (sec ')
Fig. 1. Apparent viscosity as a function of shear
rate for various mixing time(sample 2, capillary
diameter : 0.03 inch and length : 1 inch).

24 and 48 hrs, Therefore, all samples were mixed
for 12 hours in ball mill.

Apparent viscosity is known to be increased
with increasing filler content and decreased with
increasing temperature.1 As well known, the fluid
obeys Rabinowitsch equation which is based on
Power Law, The Rabinowitsch equation was
modified by Metzner'® and the modified equation
is given by

d log(RAP /2L)
d log(4Q/ =R*®)
log (RAP/2L) = n log (4Q/7R®) + logK

3n41 ) 4Q
4n mR?

n =

').’true = (

where, K is the constant, n is the Power Law
index, R is the radius of capillary, AP is the
pressure drop in capillary, ¥Yirue is the true wall
shear rate, and Q is the flow rate.

The surface analysis mapping which shows
the relationship between temperature and carbon
black content is shown in Fig. 2. The value of
n was decreased with increasing carbon black
content and with decreasing temperature,
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Fig. 2. Effect of temperature and carbon black
(ketjenblack EC) on power law index
(capillary diameter : 0.05 inch and length
: 1 inch).

Apparent viscosity (poise)

10 —

Shear rate(sec ')

Fig. 3. Apparent viscosity as a function of shear
rate for various temperature (sample 2, capillary
diameter : 0.05 inch and length : 2 inch).

The relationship between apparent viscosity
and shear rate at different temperatures is shown
in Fig. 3. As temperature increases the value
of apparent viscosity decreases. The effects of
temperature on the reltionships between apparent
viscosity and shear rate for two different carbon
blacks which are Vulcan XC-72 and Ketjenblack
EC are shown in Fig. 4. Under the same conditions,
the apparent viscosity with the Ketjenblack EC
is greater than with the Vulcan XC-72.

On the other hand, the structure of Ketjenblack

328

T . T
10 1
o
@
8
E o .
2
3
Q
Q
2
2 1. ABS 20 phr ECCB 180°C
5 | 2 ABS 20 pnr xc-72 180C
€ 1071 3.ABS jg phr ECCB 190T ~6 ]
2 4. ABS 10 phr XC-72 190°C \7
5. ABS 5 phr ECCB 180C 8
6. ABS 5 phr XC-72 180T
7. ABS 3 phr ECCB 210C
8. ABS 3 phr XC-72 210C
10 J - 1 1
10° i I

Shear rate(sec ')

Fig. 4. Apparent viscosity as a function of shear
rate.

EC is more developed than the structure of Vulcan
X(C-72. Generally, carbon black having developed
structure is called as conductive carbon black.
The particle size of carbon black and the values
of DBP(Dibutyl Phthalate) and BET (Brunauer-
Emmett-Teller) are important to define structure.
The reason that the structure of Ketjenblack
EC is more developed than one of Vulcan XC-
72 is believed as Ketjenblack EC has larger value
of BET and DBP than the structure of Vulcan
XC-72, White
same results,

and Crowder' reported the

Activation Energy

There are two kinds of caillary rheometers :
one Is imposed rate viscometer which has constant
shear rate and the other is imposed pressure
viscometer which has constant shear stress.'
Activation energy obtained using Instron Capillary
Rheometer under constant cross head speed can

be expressed by Arrhenius equation.

7 = A exp(Ey/RT)
where, A is the constant, R is the gas constant,

T is the absolute temperature, and Ey is the
activation energy under constant shear rate.

Polymer(Korea) Vol, 13, No. 4, May 1989
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The variation of the activation energy on carbon
black content with various shear rates is shown
in Fig. 5. As the carbon black content or shear
rate increased the activation energy decreased.
The carbon black content having 3 phr or 5
phr shows low activation energy under low shear
rate., The activation energy of ABS without filler
decreased with increasing shear rate for all the
sizes of capillaries. Philippoff and Gaskin'’ also
observed the similar results for polyethylene which
did not contain filler,

Die swell ratio as a function of temperature
with various carbon black contents is shown
in Fig. 6. Die swell ratio was decreased when
the temperature and carbon black content were
increased,

Yield Stress

When filler particles float in the polymer solution
or melt, the viscoelasticities of non-Newtonian
behavior are observed,"' The melt flow with filler
and polymer system exhibits yield point. This
behavior is called as “critical value of shear stress”

T T T
1 0.05815 sec '
15 F @ 0.1938 sec
A 0.5815 sec! T
M 1.938 sec '
i 5815 sec!

A 1938 sec '

=)
T

Activation energy (10°x cal / mol° K )
w
T
L

— 1
0 5 10

Carbon black content (phr)

Fig. 5. Activation energy as a function of carbon
black (Ketjenblack EC) content for various
shear rate (Capillary diameter : 0.05 inch
and length : 1 inch).
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or “yield value of yield stress”.

A non-linear viscoelasticity is observed within
a few percent of strain while pure polymer or
melt exhibits a non-linear viscoelasticity under
large strain."”” A non-Newtonian behavior is observed
above yield stress. Therefore, the transition
phenomena such as thixotropy or rheopexy are
predominent in a filled system. It is due to the
aggregations of filled particles during flow.

In the case of pure polystyrene, the slope of
(shear stress)% vs. (shear strain)’? curve is 1.

Yield stress is the minimum stress at which
fillers come to flow and can be obtained from
the intercept point between the shear stress and

L} v L Ly L
°
] <> Q phr
ar 0 3phr ]
210 phr
@ 20 phr
1.3 |
2
B
3
EY
@
2
a8
1.2
1.1 -
1.0 N L L I

:
180 190 200 210 220

Temperature ()

Fig. 6. Die swell ratio as a function of temperature
for various carbon black(Ketjenblack EC)
content at air frozen (Capillary diameter :
0.03 inch and length : 1 inch, shear rate 8.
921 sec™),
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the shear rate curve. More accurate value can
be obtained from the linear relationship between
shear stress and shear rate, The study about
yield stress was conducted by Casson,'*
it is expressed by the following equation,

and

<

1
2 = Ko+ K2

v

where, K, and K, are the constants. The yield
stress obtained using the above equation is in
good agreement with the experimental results
when solid particles are floated ™

Onogi et al.'® considered the value of K, in
Casson’s equation as a function of shear rate,
The equation can be written by

o=

1
=K, + K, (%7’/ )2

T

where, 7, and 7; are the zero shear viscosity
and the apparent viscosity, respectively. The
yield stress is determined by the square of K,
in Casson’s and Onogi’s equations.

Under the constant shear stress, zero shear
viscosity can be obtained by extrapolating the
results which are observed from the relationship
between shear stress and aapparent viscosity.
Apparent viscosity can not be obtained using
capillary rheometer under the constant shear
stress, Therefore, yield stress was calculated using
Casson’s equation,

The relationship between yield stress and tem-
perature is shown in Fig. 7. The yield stress

based on Casson’s equation was calculated by
using least square method, The yield stress is
decreased with decreasing carbon back content
or increasing temperature. The similar behavior
was observed from the experiment of the apparent
viscosity.
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Fig. 7. Yield stress as a function of temperature
for various carbon black (ketjenblack EC)
content (Capillary diameter : 0.0 inch and
length : 2 inch).

Table 4. Shear Rate and Cross Head Speed having Yield Stress

Capillary Capillary Shear Rate® Cross Head Speed
Carbon Black . . . .
Diameter (inch) Length (inch) (zem™) (em / min)
Ketjenblack EC 0.03 1 0.55 - 0.62 0.1233 - 0.1390
. 0.06 2 0.068 - 0.077 0.1211 - 0.1372
- 0.05 2 0.11 - 0.14 0.1135 - 0.1445
- 0.05 1 0.11 - 0.14 0.1135 - 0.1445
Vulcan XC-72 0.03 1 0.55 - 0.62 0.1233 - 0.1390

a : Shear rate having yield stress.
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The value of yield stress was obtained from

1
the relationship between (shear stress)z and

1,
(shear rate)Z . The yield stress which was estimated

by Casson’s equation was used to calculate shear
rate by using Metzner’s expression, The shear
rate which was calculated by Metzner’s expression
using both yield stress and Power Law index
is shown in Table 4.

The shear rate was affected by the capillary
diameter but the shear rate was not affected
by the capillary length or the value L /D from
Table 4. However, the shear rate was not affected
by the carbon black type. By using Instron Capillary
Rheometer, the yield stress in terms of cross
head speed in the range of 0.1-0.15 cm/min
was calculated by the Casson’s equation. In this
study, it was found that (the yield stress) was
not affected by the capillary diameter but the
yield stress was affected by the cross head speed
of plunger from 0.1 to 0.15 cm / min,

CONCLUSIONS

The rheological properties of ABS-carbon black
melts were studied using Capillary Rheometer.
The apparent viscosity of ABS-carbon black
melts was found to be increased with increasing
the amount of carbon black, and decreased with
increasing temperature, The apparent viscosity
was increased by the structure factor when the
structure of carbon black was developed. The
activation energy under the constant shear rate
was decreased with increasing shear rate, The
die swell ratio was independent of medium used
when the sample was frozen, but it was decreased
with increasing the content of carbon black, The
yield stress was found to be decreased with increasing
temperature or with decreasing the amount of
carbon back, Particularly, the cross head speed
of plunger influenced to the yield stress which
was found to be independent of capillary size.
The yield stress was observed when the cross
head speed was 0,1 ¢cm /min to (.15 cm / min.
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