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Ahstract

Graphite electrode poles are ovidized as much as to he ileformed
to a spindly shape and disappeared from the pointed end in
actual steelmahing arc furnace at high tempnerature.The degra-
dations of fracture mechanics properties of the graphite cause
reductions of the original performances of graphite.in this
paper wve evaluate experimentally the degradations of the thermal
shoch resistance and fracture tongzhness.These test pieces were
cut from different positions of electrode which was connected to
three poles by nipples. Dther mechanical properties are also
determined and their distrihutions are evpressed as a function
of the distance from the outer surface of graphite elfectrode.

A graphite etectrode for steelmahing arc furnace Experiment

is heated over 2000 ¢ at the pointed end during the
practical vork and is subjected to severe ovidation
as it is called “hurn-off” .Changes of the fracture
mechanics properties are taken account of very
serigusly by maker aml user of 2rapahite electrode.
in this paper. we have tahen a left-over electrode,
which was consisted of three electrode poles con-
nected by two nipples and was used actually in an
arc furnace. The specimens were cut from different
nositions in the electrode, the ithermal shoch re-
sistance A(=\q h/Ect . Jttfensile strenzth.iae
therma! conductivity, EXVouns's modutus. ¢ (CTEN1.2
anl the thermal shock fracture toughness V (=
Keh/Eu il (fracture toughness value of moel)3

and the other phvsical anl mechanical properties

are determined as a function of the distance from

he pointed end anll the onter surface of electrode.
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Figure 1. Burn-off electrode graphite and
the cutting of disks.

iz.1 shows the graphite electrode and the posi-
tion of dish for cut of specimen. Table 1 shows the
physical and mechanical properties at the central
area of each dish at different position of etect
srofle( V). Fig.2 shouws chanpges of bulkh density along
the central line of. the ovidized electrode(d) and
(B). Densities decrease slizhtiyv to near the point
-ed ends. Chanzes of other properties along the cent
-ral btine of the electrade are also very small as
shown in Table 1.\Vichers hardness was measured on
the surface which was coated a liawnd paper correc
-tion dibited fluid to survey the chanze on the
radial direction from the outer surface of the
electrode.Fiz.3 shows the distrihutions of Vichers
hardness of Dish 8 and 13 specimens as a function
of distance v from the outer surface.Nery large
scatters are fouml. bt the changes are almost
Fimmited within v=10-15mm in spite of the electrode

Table 1. Physical properties of disks cut at
different positions of burn-off
graphite electrode (A).
Disk 2 7 3 1a 11 12
(No.of sample) (200 (200 (200 (2 (A  Qn
Bulk densucy
Te(a/ca ) 1.69 1.70 1.69 1.69 1.8 1.8
True density
ve(a/ca } 2.23 2.2 2.23 2.23 2.2 2.23
Elect.resistance | L 46.2 48.3  48.2 47.8 41.6 47.1
p(»10%02cwm} R 87,5 #6.1 82.1 85.§ 96.0 83.2
Young‘s modulus L 11.5 11.7 11.0 1l.0 1.2 11.1
E(GRa) R 4.26 4.56 4.54 4.42 4.25 4.16
Bend.strength L 13.4 14.3 13.1 13.4 13.9 13.6
ay (AP} R 8,26 $.93 9.10 e8.80 8.92 7.92
(No.of sample) (o) (200 QO3 (200 19 (20
Coes.chers. exp® L 1.85 1.98 1.88 1.84 1.83 1.89
a{xl0=%ec-l) R 3,33 3.08 3.32 3.14 3.10 3.18
(No.ot sample) (2) (2} (2) (23 €2y  (2)
Thern.conductiviey | L 274 218 276 264 277 270
k{W/mK} R 148 144 155 154 149 152

L and R refer to the directions of with-grain and across grain,

respactively.

*mean linear coefficient of thermal expansion in 503°C-300°C.
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Figure 2. Bulk density along the center line of
the burn-off electrode graphite.
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Figure 3. Distribution of Vickers hardness as a

function of the distance from outer
surface of the electrode graphite rod.

whieh was seriousiy sustained ovidation. Therefore
the measurements are required to carry ont by as
small specimens as possible. In this stinhv. dish
specimens of two types for thermal shock tests
vere used such as 36mme and 3.6mm thich Diskh-R to
measure the distribution in radial direction amd
the 80mm@ and 3-8mm thickh Disk-z to meusure the
distribution in avial direction of the electrode.
Thermal shock resistance) and therma) shoch frac-
ture toughnessV were determined by arc discharve
heatinz at the central area of dish snecimens.

Resutts and discussion

Fiz.4C(a) and (h) show the distritmtions of A
and ¥V measured hy Disk-R.for instance.Data pornts
in the figures are mean values which were obtained
by dishs in Mhe specified ranres. Evperimental
formilas of N (W/mm) and TV W/mm'2) for Bisk-R of
electrode(d) were expressed as follows:

.'4;

A=(1.47-17.Teap(-3.32410 2)X(1-0.328e\p(-0.203\))
-3

V=(11.4-45.1exp(-3.8+10 T2)(1-0. 4636 p(-0.201A))
where \ and 2 are distances from the outer surface
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Figure 4a. Thermal shock resistance of burn-off
electrode graphite (AG).
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Figure 4b. Thermal shock fracture toughness of
burn-off electrode graphite (AG).

and the pointed end of electrode.respectivels.
The accuracies of these formulas for areas at smafl
s (<5mm) and 2(<20mm) may he not hizh since the
specimens could not take a suitable number for
very narrow at the areas.

zccording to the ahove formulas ond amd ¥ in
this study. an equinalent crack length ap in plate
subjected to an uniform tensile stressot is
deduced from the fracture toughness value of the
plate material as follows: i

9 9
a=(h /0 )Y /n=(TJ/ A)/ n
o le

The calcutated value of . at different positions
of electrode do not almost chanze by 2, hot in-
crease from about 1.4mm at \=0 then saturate to
about 2.tmm at \> 15mm with the 1nerease ot \.
Decrease of ae at small values of v and z means
that the adecrease of Ky is larger in the ratio
than the decrease of o
and the altowable margin of crach size to the
final fracture decreases. tn other words, the voiils
and/or crachs at near outer surface or the pointed
end hecome more sensitive than those at the
central area of the zraphite electrode.

Conclusion

Pexradation of thermal shoch properties and
other mechanical properties are evpressed as a
function of the distance from the outer surface
of graphite electrode.
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