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Introduction

In the manufacture of graphite arc electrodes
for the steel industry, needle coke is employed as
filler to confer a low coefficient of thermal
expansion (CTE), and hence good thermal-shock
resistance, on the graphite. The measurement of
this quantity, which represents one of the primary
quality parameters of needle coke for arc-electrode
manufacture, is an extremely time-consuming process.
The several methods in use in the industry
typically mimic the electrode manufacturing
procedure: a mixture of milled coke and binder
pitch is extruded at a temperature above the
softening point of the pitch and the green
extrudates are sectioned, baked at temperatures
around 850°C, and graphitized at up to 3000°C.

The bars may then be machined to produce artefacts
of the desired form, which are then employed for
the measurement of the CTE, usually by a
dilatometric method.

There exists a considerable incentive to
reduce both the total time required and the man-
power involved in making a CTE determination, while
for research purposes a method requiring a smaller
sample offers advantages. While studying the
rheological characteristics of coke/pitch mixtures
by means of a capillary rheometer, it was found
that the extrudates produced, when processed in
an appropriate manner, proved suitable for the
determination of the CTE with excellent repeat-
ability and in much less time than required for
larger, conventionally produced artefacts.

Experimental

For this study a number of calcined cokes,
both commercial and experimental and covering a
range of quality, were employed. The experimental
cokes were all laboratory-calcined at 1300°C for
6 h (heat-up rate 4 K/min) before CTE measurement.

The extrusion mixes were prepared from milled
coke (60% m/m {75 pm, 50 g), binder pitch of
softening point (ASTM D 36) 92.5°C, crushed to
{1 mm (19.5 g), and Fej04 (1 g), combined by
thorough dry-blending.

For the extrusion a capillary rheometer
(Instron or Gottfert Model 2000) with barrel dia.
9.5 mm was employed. (A small extruder operating
at constant plunger speed could also be used.) The
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nozzle dimensions were: dia. 5 mm, length/dia.
ratio 10, entry angle 90°C. Each charge was
conditioned in the barrel for 5 min at 125°C and
2.8 MPa pressure before extruding at 125°C and a
constant plunger speed of 10 mm/min.

For a given coke/pitch mix, three portions
each of 15 g were extruded and from each greem rod
two 50 mm sections were sawn. The rods were heat-
treated, packed in coke granules, in a nitrogen
atmosphere at 1300°C for ! h (heat-up rate 4 K/min,
with intermediate dwell of | h at 850°C).

Linear CTE's of the six artefacts prepared
from each coke sample were measured without
further machining of the rods other than grinding
to give plane-parallel end-faces, using & six-
position quartz push-rod dilatometer. The
measurement was made in the contraction mode
between an upper temperature of 225°C and,
following cooling in the atmosphere, at 259,

The procedure for the preparation of 8 mm
artefacts from 20 wm extrudates was as given in
ref. 2. These were measured using a quartz push-
rod dilatometer in the expansion mode between 35
and 235°C. This dilatometer was calibrated using
bars of quartz and special glasses 8228 and 8230
(Jena-er Glaswerk Schott & Gen., Mainz, West
Germany) having CTE values between 0.6 x 10-6/x
amd 2.6 x 10°6/K. The CTE's of these bars were
determined by laser interferometry at the
Physikalisch-Technische Bundesanstalt,
Braunschweig, West Germany.

Results and Discussion

Figure | shows the excellent correlation
betweenn the CTE's of 5 mm extrudates, prepared as
described above and heat-treated at 1300°C, and
graphitized 8 mm artefacts machined from 20 mm
extrudates. The (provisional) repeatability of
determinationg made according to the new method
is 0.04 x 107 °/K. The principal features of the
method are discussed below. Substantial savings
in time are realised by the elimination of certain
processing steps and by the small scale of the
equipment required.

freparation of the Mix

It was found that simple dry-blending of the
components prior to extrusion gave results as good
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as or better than those obtained with blends hot-
mixed in a double-sigma-bladed mixer. This is
probably because the number of variables that may
not be exactly reproduced each time is greater in
the case of hot-mixing. Also, even with an
unvarying mixing procedure, the degree of shear
applied to the mix will depend on its viscosity,
which may vary from coke to coke.

Extrusion

The reduction ratio (barrel dia. to nozzle
dia.) of about 2 is the minimum required to give
extrudates having a sufficient degree of orient-
ation of the filler particles, as shown by Wagner
et al. It was found that mixes extruding at
pressures below about 7 MPa tended to give poor
results, which could be improved by increasing
the plunger speed

Heat Treatment

By measuring the artefacts in the baked state
the graphitization step could be eliminated.
Correlations between the CTE's of baked and
graphitized artefacts have been described by Wagner
et al and by Kakuta et al.% For the small rods
and short baking cycles of the present method the
conventional baking temperature of 850°C was found
to give insufficiently reproducible results and a
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heat-treatment temperature of 1300°C was adopted,
as described elsewhere.

CTE measurement

The baked rods received no further treatment
other than end-grinding to give plane-parallel
faces, in contrast to methods which involve
machining the entire extrudate in order to
eliminate surface effects. Measurement of the rods
in contraction mode (temperature first high, then
low) means that thermally preconditioning the rods,
as was found necessary when measuring in expansion
mode, is not required.

Conclusion

While for specification purposes the CTE
measured on graphitized artefacts may continue to
be required, the accelerated method described above
is of value for forming rapid estimates of the CTE
for process-control purposes. The scale — smaller
by an order of magnitude, in terms of coke intake,
than other commonly used methods - makes it
attractive for the evaluation of small quantities
of coke produced in laboratory-scale cokers.,
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