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ABSTRACT

A new method for characterizing dispersion of carbon black In elastomers
measures the Intensity of light reflected from a freshly cut surface of a
sample . A microscope with a dark field Illumination is used. The equipment
and software measure the illumination in each ol 100 squares and calculate
parameters such as average and standard deviation. This Is called a dark
field carbon black • (DFCB) test.

The relevance of the test to experimental error made it necessary to
carry out dark field carbon black tests (DFCB) using a very large number of
samples so that the underlying pattern of results could be clearly seen.

The work investigated how the changes in disperslon produced in a
two roll mill can be presented in the test . Itis found that for the first five
passes, the DFCB parameters change very rapidly and slightly change after
50 passes .
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INTRODUCTION

Estimation of carbon black dispersion in rubber
needs a rapid and accurate method of testing . No
single method, nor even any combination of
methods gives all the information which would be
desirable regarding the state of dispersion . The
desired information includes:

- The size and distribution of carbon black
and/or carbon black-rubber agglomerates, which
may be as small as the smallest carbon black "
primary aggregates, " [0.05 pm in diameter] and
may range in size up to about 500 pm or 0.5 mm.

-The quantity of carbon black in these

agglomerates [1].
Studies on the dispersion process have been

primarily involved in two areas . One is the direct
examination of the state of dispersion, which is
done effectively with microscopes [2] . The other is
the indirect characterization of the progress of
dispersion . For example, by rheological measure-
ments [3] such as Mooney index [4] and swelling of
extrudates.

Principle
When an unfilled rubber is cut with a sharp new
razor blade, the surface obtained is flat and
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smooth . If the rubber is filled with carbon black,
then there will be localized roughness due partly to
altered deflection near the blade of the more rigid
regions and partly by the less even cutting of the
carbon black agglomerates.

In the DFCB test method [5], the light is
sensed by an array of photocells or by an
equivalent technique of selecting regions from a
video camera. The signal can be used to construct
an image of the cut surface . The scanned image is
effectively divided into 100 zones per field and the
light reflected by each of them can be measured.
For each zone a correction is made to allow for
zero errors and variations in incident light
intensity.

100 x (signal - zero)
(standard - zero)

R is the corrected value which is used for further
calculations. The 100 value is arbitrary, but on the
equipment used, it was of the same order of
magnitude as a typical reading . From the values of
each of the 100 squares, the following parameters
are calculated:

Maximum (Max.)
Minimum (Min.)
Mean (Avg.)
Standard deviation (SD)

The schematic layout of the equipment is as
follows :

EXPERIMENTAL

Previous work investigated the effects of mixing
time and fill factor on the dispersion of carbon
black in a compound in an internal mixer [6] . This
work was done to survey the effects, on DFCB, of
passing a compound through a two roll mill to
improve the dispersion of carbon black in NR.

Mixing of ingredients was done in a Francis
Shaw K1 Intermix with 5 .5 litre volume chamber
and intermeshing rotors which have helical set pro-
jections to give the axial transfer of the material in
the mixing chamber . Batch temperature, rotor
speed, instantaneous power, ram position, energy
and time can be obtained from data collected by a
computer.

The elastomer used in this work was NR
(SMR 10) selected for its widespread use in
industrial products, particularly tyres.

The functions of the other materials used in
the NR formulation arc:

- Carbon black as a reinforcing filler.
- Zinc oxide as an accelerator and activator.
- Stearic acid aids the dipersion of carbon black

and acts as an accelerator activator with the zinc
oxide

- Sulphur is the curing agent for the com-
pounds.

- CBS functions as an accelerator.
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Fig. 1. Schematic layout of equipment.

147

	

Iranian Journal of Poty,ner Science and Technnlov Vol 4 No 2 {1995)



Vascglu M . Fiahiu,, et

Table I . Formulation for NR compound modified from
ASTM 3192 (Section 9, Rubber 1992) for 58% fill
factor.

Ingredients phr Weight (g)

NR (SMR 10) 100 2038.3
Carbon Black N330 50 1019.2

Zinc Oxide 5 101 .9
Stearic Acid 3 61 .2

Sulphur 2 .5 51 .0
CBS 0 .5 10 .2

Flectol H 1 20.4

- Rectal H acts as an antioxidant.
Time of addition for each of the ingredients is
given in Table 2.

The compound was dumped from the
internal mixer on to a bridge two roll mill and
sheeted off after a single pass . As this work on
dispersion involved the investigation of the effects
of passes through a two roll mill, after the first
pass, a sample sheet was taken . Further sheets
were taken at 5, 15, 35, 50 and 75 passes . At each
stage, the sample sheet consisted of portions from
several parts of the milled sheets to produce a set

Table 2. Mixing cycle for rubber and ingredients.

No . Action Time (5)

1 Rubber 0
2 Carbon Black 120
3 Curatives 1 180
4 Curative 2 240
5 Discharge 300

Rubber: NR (SMR 10)

Carbon Black: N33U (HAY)

Curatives 1 : ZnO, Stearic Acid, CBS and Heetal Ii

Curative 2 : Sulphur

of sample more representative of the whole sheet.
Curing time was determined on the Wallace

Shawbury Analyzer (Wallace PCA) . A small piece
of sample (2 .2 g) is needed for measuring curing
time by I50/6502 . It gives the different curing
times for different cure percentages.

2 Millimeter thick sheets were moulded at
160 °C under a pressure of 30 tons on a 4 inch
diameter ram using a blank only slightly thicker
than 2mm to avoid orientation.

To measure the dispersion by the DFCB,
sample cutting was done with a new degreased
industrial razor blade set on the end of a vertical
sliding post. To get the best representation of the
dispersion in the compound, a large number of
samples (180) was taken from different parts of the
moulded sheet . A microscope magnifies the field
on the surface and a video camera transfers illu-
mination of light to a monitor (Fig . 2 .) There are
100 rectangles on the screen by which the
computer measures the illumination of the light
reflection . Data were collected by software
supplied by PMS and stored on the hard disc . To
calculate the results, the data collected from
readings were transferred to Quattro Pro and the
software calculates from each set of readings,
maximum (Max.), minimum (Min .), mean (Avg .)
and standard deviation (SD).

RESULTS AND DISCUSSION

The 180 values for each property were placed in a
numerical order and divided into bands . The
frequency recorded is the number of readings in
each of these bands . It is important to mention
that the moving average technique has been used
in these graphs and values have been presented by
8 units moving average (average of 8 consecutive
bands) for SD and 15 units for Max and Avg.

Frequency of average (Fig . 3) gives clearly
separated curves in which the values are steadily
decreasing as far as the 75th pass. Frequency of SD
is shown in Fig . 4. Increasing the number of passes
has decreased the value of SD from 25 for 1 pass
to 10 for 75 passes . The maximum changes in the
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Fig. 2 . A view of microscope and video camera.
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Fig . 3 . Plot of Frequency distribution of average in different No. of passes through mill.

	

same way as the average and the SD but seems to

	

are plotted in Fig. 6. The average graph is closer to
be slightly noisier (Fig . 5) .

	

the minimum rather than the maximum.

	

The maximum, minimum, average and SD

	

When samples are cut for carbon black
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Fig. 4. Plot offrequency distribution ofSD in different no. of pusses through mill.
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Fig. 5. Plot of frequency distribution of maximum in different no . of posses through mild.

dispersion measurement, the cut surface varies in

	

produce a badly dispersed sample, a cut pulls out

topology . For a compound which is known to

	

from, or leaves Iarge agglomerates on the surface,
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Pig. 6 . Plot of max ., min ., avg. and SD for in different no . of passes through mill.
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giving a very rough and irregular topology . With
better dispersion, the agglomerates were much
smaller and more intimate contact with the rubber
was obtained since dispersive mixing had taken
place. A cut through such a sample left a smoother
and more uniform surface.

The smoother the surface is, the average
tends to minimum, and the more uniform surface
and finally the better is the dispersion . Closeness
of average and minimum (Fig . 6) suggests the
existence of a well dispersed mix .

	

-
When the number of passes through the mill

is small, the graphs change very rapidly . The
biggest change in values often occurred in the first
5 passes of compound with a slower rate of change
on further milling when improvement of the
dispersion might reach a lower level . When the
rubber is sheeted off the first time it is assumed
that dispersion is relatively poor . It appears that
the next 4 passes produce a big improvement in
dispersion but that further milling gives a slower
rate of improvement of dispersion.

CONCLUSION

The current work has been done to assess

dispersion of carbon black in NR (SMR 10) using
the DFCB method . Carbon black is widely used as
a tiller in rubber to enhance its processing
properties and maximize its durability and physical
properties . The degree of carbon black dispersion
is a very important consideration in the manufac-
ture of rubber, both in quality control and basic
research . Carbon black dispersion in rubber
compounds can he assessed by analyzing the
roughness of a freshly cut sample surface . In this
study, a dark field reflected light microscopical
technique has been used to image the sample
surface and measure the intensity of light reflected
or scattered from the surface . The light intensity is
a measure of the surface roughness which in turn is
related to carbon black dispersion in the com-
pound . It should be noted that cut surface
roughness depends on the presence and dispersion
of ingredients other than carbon black . Based on
the results obtained, it is concluded that:

- Dark field carbon black (DFCB) test
results using a large number of samples gave
smooth and symmetrical distribution curves for the
maximum, minimum, average, and standard
deviation.

- Values for average were slightly closer to
minimum rather than maximum and it proved the
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smooth surface as a result of a well dispersed mix.
Effects of passing rubber stock through mill

on DFCB were investigated in this work to
represent the dispersion of carbon black in the
rubber.

To achieve this, samples were analyzed after
I, 5, 15, 35, 50, & 75 passes through a two roll
mills . Regarding to different number of passes
through the mill, it is concluded that:

- In the first few passes changes in dispersion
happened very rapidly . This could be seen in the
first 5 passes.

- Effects of passing through the mill tended
to keep properties in the lower level of changes
after 50 passes.

NOTE

This paper has been written on the basis of the
work done in an M.Sc . project in the RuPEC

Laboratory of the Institute of polymer Technology
and Materials Engineering at Loughborough
University, U .K.
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