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Introduction

Graphite electrodes for application in the
electric-arc furnace steelmaking process are
manufactured by extruding mixtures of coke and
binder pitch. The green blanks are baked at
temperatures around 850°C to comvert the pitch to
binder coke, before being graphitized at up to
3000°¢. *»

An important characteristic of needle coke
for electrode manufacture is a low coefficient of
thermal expansion (CTE), which is necessary to
give electrodes having sufficient resistance to
thermal shock. In the evaluation of coke for this
application the CTE is measured on small coke/
pitch extrudates, which are baked and graphitized
in a similar way to that applied to commercial
electrodes. This is a time-consuming procedure
and there is considerable interest in shortening
it. One way to do tgiz is to measure the CTE on
the baked artefacts,”’” thereby eliminating the
graphitization step.

During the development of a
scale method of CTE measurement,5
relationship between the CTE's of
graphitized artefacts showed that the correlation
obtained is strongly dependent on the temperature
programme applied during the baking cycle. The
results obtained provide information relating to
the change of properties of coke/pitch artefacts
during baking.
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Experimental

The cokes studied in this investigation
ranged in quality from regular-grade to needle
cokes and had sulphur contents between 0.3 and
1.72 m/m. Both commercially calcined and
experimental cokes were studied, the latter
following laboratory calcimation at 1300°C for 6 h
(heat-up rate 4 K/min). Two types of artefact
were prepared for CTE measurement.

To prepare artefacts from 20 wm extrudates,
coke flour (60Z m/m {75 pm, 500 g) and binder
pitch of softening point (ASTM D 36) 92.5°C
(167 g) were combined at 110°C in a double-sigma-
bladed mixer with Fe03 (10 g) and extrusion oil
(5 g). Rods of 20 mm dia. were extruded at 125°C
using an oil-pressure ram extruder. The green
rods were sectioned and baked, packed in coke
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granules, in a nitrogen atmosphere at 850°C for

3 h (average heat-up rate 0.75 K/min), following
which some were graphitized at 3000°C. For CTE

measurement, 50 mm cores of 8 mm dia. were bored
from the 20 mm extrudates.

For the preparation of 5 mm extrudates,
coke flour (607 m/m (75 pm, 50 g), binder pitch
crushed to {1 mm (19.5 g) and Fey03 (I g) were
combined by thorough dry-blending. Green rods of
5 mm dia. were extruded from a capillary rheometer
(Instron) at a constant plunger speed of 10
mm/min, following conditioning in the rheometer
barrel for 5 min at 125°C under a pressure of
2.8 MPa. The green extrudates were sectioned and
baked for 1 h at temperatures between 850 and
1300°C (heat-up rate 4 K/min). For temperatures
higher than 850°C an intermediate dwell of I h at
850°C was given. Some of the baked rods were
graphitized at 3000°C.

The linear CTE's of both the 8 mm artefacts
and the 5 mm extrudates were determined using
quartz push-rod dilatometers.

, Results and Discussion

Figure ! shows the correlation between the
CTE's of (850°C) baked and graphitized 8 mm
artefacts machined from 20 mm extrudates. Similar
relationships have been dzmonstrated by Kakuta et
al and by Wagner et al.3+* The baked-artefact CTE
is always higher than the graphitized value,
suggesting that the structural features responsible
for accommodating thermal expansion internally
are only incompletely developed in baked bodies.

In contrast to the results obtained with
the 8 mm artefacts, the CTE's of the 5 mm
extrudates, baked at 850°C, showed scarcely any
correlation with the graphitized values. Better
results were obtained when the extrudates were
baked at higher temperatures and it was found that
heat treatment at 1300°C gave an excellent
correlation, suitable for use in predicting the
graphitized value, as shown in Figure 2.

The use of 850°C as the baking temperature
for rods intended for CTE measurement stems from
the fact that this is the temperature employed for
baking electrode blanks prior to graphitization.
However, much research on the calcination of
petroleum coke has shown that many coke properties
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Figure 1. Relatiénship between linear CTE's

(35-235°C) of baked (850°C) and
graphitized 8 mm carbon artefacts
from 20 mm extrudates.

are undergging rapid change in the region
600-900°C.° Investigations into the heat
treatment of binder coke and electrode blanks
suggest that the same is true for these materials
also.’»® With a baking temperature of 350°C
stabilization may be achieved by the use of very
long baking cycles but this is not desirable in
a procedure for rapid CTE measurement.

A baked body is a composite of filler and
binder cokes. It is the filler-coke that
primarily determines the CTE of the artefact.
Since this component has already been exposed to
temperatures equal to or greater than 1300°C
during calcination it is unlikely that its
contribution to the CTE of the composite will be
altered by raising the baking temperature. It is
suggested that some feature of the composite,
involving perhaps the filler/binder interface,
makes a variable and unreproducible contribution
to the total CTE in the case of insufficiently
baked artefacts. When a degree of annealing
sufficient to stabilize the composite is given
by a suitable temperature/time profile the CTE,
measured on the baked artefact, is free of
extraneous influences and accurately reflects
the graphitized value.
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