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Abstract

This report is composed for unspecified readers within the limited amount of page. The historical

situation around the birth of EAF (Electric Arc Furnace) is to be mentioned firstly. The history

of the creative developments done for EAF by many pioneers and the technical explanations for

good understanding are to be mentioned afterwards. Finally, the expected items of EAF industry

and the importance of the connection among the surrounding industries are also to be tried to be

mentioned.
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1. Introduction

EAF melts metal scrap by using electrical
power with the arc reached more than 3000C
and contributes to society with the big work
of metal scrap recycling. Here in this report,
the birth of EAF, that development, the scrap
description as raw materials for EAF, electri-
cal characteristics, refractories as molten steel
handling, and the recent various innovations
are described.

2. Birth of EAF and Its Historical Situation

<Birth of converter>

Cotton-spinning industry, steam engine and
so on were invented at UK at the latter half of
18" and its current spread to the coal industry
and iron-making later. So, UK was called as
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“Ironworks of the world”. In 1856, Henry Bes-
semer invented converter (Bessemer Converter)
and still more in 1879 Sidney G. Thomas invented
Thomas Converter overcoming the weak point
of Bessemer'’s one. Furnace wall of Bessemer’s
was constructed with acid-system brick. There-
fore the generated basic slag for fixing P;Os in
slag after dephosphorization attacked severally
acid-system wall brick. On the other hand, as
Thomas's was constructed with “Dolomite brick
sintered at high temperature”, the severe brick
erosion could be cancelled even if the basic slag
was formed in furnace with the purpose of
dephosphorization and its heating effect. By this
big innovation, Thomas Converter was spread
to all Europe from UK.

<Open hearth>

Much Longer steelmaking time than con-
verter and fuel were needed for open hearth
operation, but there were not any problems
upon the refining processes such as dephos-
phorization and desulfurization. Furthermore,
even metal scrap also could be melted by open
hearth. From these points of views, open hearth
had been developed with its expanding capacity
and efficiency, and had reached to the rival of
converter. In America, Russia, UK, open hearth
had been the main steelmaking furnace at that
time.
<EAF>

EAF appearance was delayed on comparison
with converter and open hearth due to follow-
ing two reasons. Metal scrap as raw materials
is to be supplied after the steel product being
produced by other steelmaking process and
circulated. And energy infrastructures for EAF
were not enough at that time.

In 1900, Paul L. Herout invented EAF in
France, and a little later EAF started its opera-
tion practically V. EAF was managed to be used
for producing special steel of high alloy and for
producing metal alloys.
<Development of LD converter and open hearth
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Fig.1 Birth of Heroult Furnace at PrazRe.
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downfall>

Pure oxygen top blowing converter (LD con-
verter) was developed and applied after World
War II in Linz (1952) and Donawitz (1953),
in Austria. Japan installed this LD converter,
which had been innovated in Austria, sooner
than other countries (1957) and tried to spread
in Japan®.

On the other hand, EAF performance had
been delayed from open hearth whose raw
material was not only scrap but also pig iron,
for about 20 years after World War 1I. After
that, EAF got ahead of open hearth in 1966
due to metal scrap enough supplying and many
innovations for cost saving and efficiency, and
got the position of contributing steel recycling
with the 20~30% steelmaking share in Japan.

3. Dr. Scjwabe’s UHP Operation

At the reconstruction prosperity after War,
EAF steelmakers were annoyed by EAF’s low
efficiency taking more than 3 hours for 1 heat.
Only just high power applying caused the severe
wall brick erosion and got no normal operation
result. Around those days, Dr. W. E. Schwabe
in USA proposed Ultra-High-Power (UHP)
operation. His UHP operation is “to achieve the
operation loaded high power with the effect of
overcoming the brick erosion by means of short
arcing derived from big current” in one phrase.
By this sensational proposal, EAF operation’s
efficiency was remarkably progressed and EAF
came to be a representative modern steelmak-
ing process along together with converter.

Nevertheless, UHP operation had weak points
such as higher energy consumption and higher
electrode consumption. After around 1980, vari-
ous countermeasures were developed one after
another with the result of opening the new age
of EAF. Outline of newly developed technolo-
gies after UHP operation might be stated as
follows.

To apply water-cooled panel in wall where
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no molten steel coming, to apply various
erosion-resistant bricks, to install the bigger
capacity of transformer, to develop the slag
foaming technology by oxygen-rich operation
and carbon injection, and so on. By comprising
these technologies, the situation of UHP opera-
tion depending not upon short arc but upon
long arc had been arranged. As the results,
pre-stating weak points of UHP operation were
cancelled and the age of the new UHP opera-
tion started.

The abovementioned basic notion of new
UHP operation mainly due to slag foaming was
innovated in Japan. The details are to be men-
tioned in chapter 7. But, chapter 4 (steelmaking
process), chapter 5 (electric characteristics),
chapter 6 (raw material), are to be mentioned
in advance for good understanding the latter
technical chapters.

4. Steelmaking Process

Figure 2 shows the typical steelmaking pro-
cess with EAF. Purchasing amount and brands
of metal scrap are to be determined from pro-
duction amount and steel grade. According to
those informations, metal scrap are carried into

Product at
steelmaking
plant

&

Billet
j Bloom
= a0
+ _ R
Slab

Degasser

Fig.2 Process flow of steelmaking plant by EAF.
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steelworks by way of sea or land. Scrap are to
be scaled and evaluated, and harmful one is to
be rejected.

Corresponding scrap to steel grade are to be
charged into EAF by scrap bucket and melted
by arc heat. After adjusting the temperature
and composition, molten steel in EAF is to be
brought out into the ladle waiting just under
EAF. And this work is called tapping and the
symbolic time when metal scrap reborn to
new steel. Tapped molten steel is transported
to various ladle refining processes such as LF
and degasser according to steel grade. Heat-
ing, Desulfurization and alloying are done at
LF, and decreasing of hydrogen, nitrogen and
carbon (before killing) for deep drawing speci-
fication are done at degasser. After these ladle
refining processes, the molten steel in ladle is
to be transported to caster and be casted and
formed to prescribed size and shape of steel
semi-product.

As EAF operation needs the biggest energy
in Steel Works, energy saving and production
efficiency of EAF have been studied and devel-
oped always. Cycle of EAF operation is shown

Main melting stage

EAF operation cycle.
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in Fig.3. Just after furnace filled by charged
scrap, arcing is to be started. Next boring stage,
when the scrap being melted around electrodes,
comes with the motion of electrodes descending.
And main melting stage follows with wall side
scrap falling and molten steel level ascending.
After melting almost all scrap in furnace, scrap
in second bucket is to be charged to the space
in furnace. Melting is being proceeded in same
way as abovementioned, and the time where
almost all scrap in furnace being melted is
called melt down (MD). After melt down, Refin-
ing stage is to be started, when carbon content
and temperature being adjusted. Tapping is to
be started just after adjusting. Although this
serial cycle time depends on EAF type and steel
grade, it can be said to be around 60 minutes.

5. Electrical Characteristics

Steelmaking EAF is often called arc furnace,
and it may be well understood by reminding
the arc welding as derivation. At the time of
both electrodes being deviated, “arc” is gener-
ated and arc shape looks like bow. And naming
also comes from its shape?. Its true character
is “ionized gas flowing current”.

Typical schematic view of EAF is shown in
Fig.4. Shown figure is the time of melt down.

F Electromagnetic force
M Magnetic field
la Current

Fig.b Electromagnetic force between two electrodes
with current flowing opposite side.
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Fig.7 Schematic view of electromagnetic force

rotating according to each current phase
change.

Arc from the electrodes in this figure looks to
be repelled each other, and this phenomenon is
to be explained in Fig.5. When arc current flows
to opposite direction each other, arc pillars are
inclined to outer direction by electromagnetic
force. That situation can be described as follows.
Magnetic field generated by current flowing in
one arc operates the other side current flowing
in arc, and electromagnetic force works accord-
ing to Fleming’s left hand rule.

As the situation is complicated in case of
three-phase alternating current, each current is
to be decomposed by each phase. Each electro-
magnetic force is to be composed as shown in
Fig.6 and there shown the current phase and
current value. If the A phase is zero, current of
A phase comes to be zero, arc of A phase disap-
pears, and arc of B and C are repelled each
other. When the A phase comes to be 30 degree,
current of B phase comes to be maximum and
current A and C phase come to be same level
and be received the force just opposite direc-
tion to B phase. After that, electromagnetic
force operates to the same direction as phase
rotation as shown in Fig.7. As the results, it is
known to be clear that the current comes to
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be the maximum when the arc of each phase
encounters to the nearest furnace wall side”.
Figure 7 shows these situations. From these
electrical characteristics, metal scrap is melted
well behind three electrodes. That means
refractories is also eroded well at the same posi-
tion as shown in Fig.8. Though there are other
causes of accelerating unbalance melting, power
consumption and refractories consumption can
be improved by avoiding the unbalance melting.
So, EAF steelmaker had developed the various
melting technology from the many points of
views.

Next, an example of power characteristic
figure is shown in Fig.9. The horizontal axis
shows arc current and the vertical axes show
power and power factor, and several power
curves are written there. Active power (MW) is
to be consumed for heating in furnace, and con-
tains arc power and circuit loss. Reactive power
(MVAR) is not to be consumed for heating, but
is to be stored in alternating current circuit as
the magnetic energy, and works for avoiding
“arc cut” effectively. Arc power is the value
of subtracting circuit loss (joule’s heat) from
active power and is the real working energy for
melting. Power factor shows the ratio of active

1.0
cneeennf ... 0:-85
: " o.707 | ©8 Power factor
Max. MW 0.6 COS®
Max. Arc power
0.4
__ | Present operation ~ ~ 0.2
= | zone (long arc) )
=3 0.0
§ § Dr.Schwabe's UHP zone
S recommended (short arc)
i : / \Active power (MW)
; Arc power |
n Reactive power
(MVAR)
- C_Zfirouit loss
Current (kA)

Fig.9 Power chracteristics curve.
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Table 1 Comparison of long arc and short arc
ltems Long arc Short arc
Arc image
Voltage higher voltage lower voltage
Current lower current higher current

mainly transfer to
molten steel

mainly transfer to

Heat transfer ;
surrounding wall

lower refractrory
consumption
quicker heating up

lower power
consumption
lower electrode
consumption

Good effects
on operation

application to
melting stage
occupied by scrap

Effective

application application after MD

power as shown in Fig.10. The zone proposed
by Dr. Schwabe in 1964 is in the higher power
side and marked in the side of larger current in
Fig.10. The problem that the practical operation
was not realized due to wall brick erosion was
canceled by this proposal as mentioned in the
former chapter. As active power is increased
to the side of larger current, reactive power is
also increased. So, it follows that active power
has the maximum value, and the power fac-
tor at that condition is to be 70.7% (6 =45°).
Furthermore, circuit loss is also increased with
the increase of current and arc power has the
maximum value in the smaller current side
than the active power.

Table 1 shows the comparison of long arc
and short arc regarding to their shapes and
features. As understanding from this table,
long arc operation shall be compatible with
UHP operation for the purpose of avoiding the
Schwabe’s weak points.

6. Raw Materials

Metal scrap are classified into three categories
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Table 2 Scrap classification

general sizing scrap by
guillotine shear etc.
(classified by thickness & size)

Heavy melting
scrap

compressed scrap by
Bundles pressing machine (Classified
by base scrap kinds)

Steel scrap shredding scrap by shredder

Shredder .
machine

punched scrap from sheet

Punched scrap steel etc.

machining & cutting scrap

Steel turnings from sheet steel

Pig iron cast iron

[ron scrap - -
machining & cutting

Iron turnings .
scrap from iron steel

T2 LENE NS HHBO=21257HE 5,
ZDHbH, HNBLUNOERZ 7 T v 732D
KR A S, Table 21" FT X ISR, B
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FEMOT oD, Bz, NE—IBik, EALAND
AT EERITE <, ® EAHSH SHI, H2, H3,
H47% EDEMD D B0 ERFERA T T v TOH
% Fig 111" 9,
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such as return scrap in the same plant, partial
scrap from processing or machining factory, and
collecting scrap from civil market. Especially
scrap except return’ one are classified as shown
in Table 2 from its shape and quality, and its
evaluation i1s to be done by size and material.
For instance, as the thickness of heavy scrap
IS very important point of evaluation, they are
ranked in the order of discending thickness, and
classified into HS as highest rank, H1, HZ, H3,
H4, and so on. General surveys of main scrap
are shown in Fig.11.

From the view point of quality, scrap is clas-
sified from Cu content. Cu contents of some
scrap are as follows. Heavy scrap / 0.20~
0.40%, punched scrap / less than 0.05% due to
the main source coming from BF (blast furnace)
process, press of ELV / 0.3% after removing
harness, press of used can / 0.15%, shredder
scrap / 0.20% depending upon material source,
and so on.

By using these Cu values, scrap blending is
to be planned according to steel grade. And fur-
thermore, bulk density and ferrous component

4) Pigiron

5) Bundles (

Fig.11 Examples of scrap.

!

can steel)
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Appearance of DRI & HBI®.
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is also to be counted on, generally due to the
importance of reserving the amount of tapped
steel by one heat with fixed charging buckets
size. If being ignored these concepts, following
troubles may be happened such as an unable
closing furnace roof due to full heaping of scrap
in furnace vessel after scrap charging, an insuf-
ficient steel amount in ladle after tapping, and
so on. For references, examples of several scrap
general bulk density are as follows. Heavy melt-
ing scrap / around 0.7 t/m® pig iron and crop
metal / more than 3.0 t/m® pressed scrap /
less than 0.5 t/m’ and so on. Melting energy
and purchasing price are also different on each
scrap as known generally. Finally, it must be
understood that metal scrap is very important
managing item as it effects on quality, produc-
tion cost, production efficiency and so on.
Though not used in Japan generally, DRI
(Direct Reduced Iron) and HBI (Hot Briquette
Iron) shown in Fig.12 are also raw materials
having special features. DRI is to have been
reduced from Oxide pellet by reducing gas
reformed from natural gas. And HBI is to be
produced by being pressed with briquetting
machine from hot DRI just after production®.

7. Improving Melting Efficiency

To achieve high voltage operation under the
condition of high power factor (long arc) had
been necessary for cancelling the weak points
of UHP operation, and the various developments
have been done upon facilities and operations.
Just here the position of term “UHP” is to be
clarified in the diagram figured in the relation
of transformer capacities and nominal heat size,
and is as shown in Fig.13.

1) Oxygen-rich Operation

As already mentioned in chapter 5, oxygen
cutting operation is adopted to melt efficiently
by way of cutting scrap at the lower part of
wall side and making scarp slip down into
molten steel in the bottom of furnace. At this
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Fig.13 Position of UHP in the relation between
furnace size and transformer capacity.
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oxygen cutting, oxidization calorie of Fe is also
contributing to melt scrap efficiently, but to lead
to yield down of steel. This is to be noted here.
Additionally, to keep good shape of refractories of
furnace is very effective for scrap slip down into
steel bath as quickly as possible. On this point,
mounting “bank” or “leg” at the wall bottom,
which is called variously in plant, is important
paralleling with controlling of hearth level.
2) Submerged Arcing

Carbon injection technology into slag for
suppressing Fe oxidizing due to oxygen cutting
and oxygen-rich operation had been spread
since in the 1980s. As the necessary calories
for reducing iron oxide by carbon is as high
as the calories gotten from iron oxidization, to
avoid heat radiation from arc pillar with cover-
ing foaming slag is to have been expected by
carbon injection. This slag foaming was caused
by CO generation from deoxidization by injected
carbon or reduction of iron oxide in slag. But
there are many noteworthy control points such
as injection period of carbon and oxygen, injec-
tion position, shape of wall bottom refractories
and so on. Anyway, oxygen-rich operation and
submerged arcing with slag foaming have
been the key-technology supporting long arc
operation. Installation of reactor is known to be
effective for high power operation with long arc
because the stability of arc at high power factor
can be increased by supplying reactance in the
alternating current circuit.
3) Water-cooled Panel

However refractories erosion by UHP opera-
tion was lightend by short arc or long arc with
slag foaming, its erosion was not so small. So,
refractories not touched directly with molten
steel had been replaced with water-cooled
panel for avoiding refractories erosion. And the
water-cooled panel also came to have been the
technology supporting UHP operation.
4) Minimizing Unbalanced Melting

There are cold spots (also hot spots) at the
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Fig.14 Effect of bank situation on melting efficiency.
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Fig.15 Image of carbon injection into steel bath.
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Fig.16 Submerged arcing due to slag foaming.

alternating current furnace as shown in chapter
5. In order to melt scrap at the cold spot, the
calories is to be consumed more than necessary
amount at the hot spot, and the refractories
consumption and operational cost results are to
be worse. For minimizing these worse results,
combustion burners had been mounted at the
cold spots. Furthermore, the technology of oxy-
gen atomized burner had been advanced and
cutting operation came to be more efficient.

5) Eccentric Bottom Tapping (EBT)

As shown in Fig.17, tapping spout was conven-
tional tapping equipment, but recently Eccentric
Bottom Tapping (EBT) have been installed to
almost all EAFs. In conventional EAF, double
slag refining had been practiced according to
steel grade. After making desulfurization slag
at the refining stage, desulfurization had been
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done by using the big mixing energy at tapping,
accelerating slag-metal reaction. On this point,
tapping spout was effective shape for flowing
molten steel and slag at the same time.

But, recently the installation of ladle furnace
has been spread, and slag free tapping came
to be more expected than slag-metal reaction
from the view point of avoiding inclusions. So,
EBT has been spread widely due to its feature
of slag free tapping. Although the motive of
EBT application was the quality needs as being
mentioned, several improvements have been
confirmed such as higher efficiency, less power
consumption, higher alloy yield, lower flux
consumption due to hot heel in furnace, slag
free tapping and quick tapping. Details are to
be handed over the other books.

6) Bottom Blowing

Generally speaking, non-homogeneity in alter-
nating current furnace can be said as weak point
from the structural point. Since in 1990s after
spread of bottom-blowing converter completed,
bottom-blowing operation had been tried in
several EAF plants. Though the several merits

Fig.17 Difference of steel stream at tapping between tapping spout and EBT.
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of bottom-blowing such as efficient melting for
crop metal scrap and less oxidization of slag
were confirmed, its application has not been
spread so much. Because blowing-gas was to get
away through EAF’s shallow bath easily with
the several management costs. Even the nozzle
clogging often happened due to the remaining
scrap and slag at the bottom. Nevertheless, bot-
tom-blowing has been applied for special steel
grade such as stainless steel and so on because
of the appropriate merits of steel yield and alloy
yield for its management costs.

8. Recent Technology Innovation

Instances of recent technology innovation for
EAF with the entirely new and different point
of view from the contents shown in former
chapters are to be introduced on this chapter.
1) Direct Current Furnace (DC furnace)

From the view point of correspondence of
facilities for instantaneous voltage change
(flicker), direct current furnace (DC furnace)
was published and its operation was started
in 1980s. In DC furnace, arc is to be gener-
ated between hearth electrode as anode and
upper graphite electrode as cathode and the
fatal hot spot (also cold spot) is to be cancelled.
Furthermore, as stirring in molten steel came
to be performed, DC furnace have surpassed
AC furnace in the point of “homogeneity” and
enabled the efficient melting. In Fig.18, as the
magnetic field B is generated around current
flowing line, the magnetic field operates on the
current flowing line each other. Accordingly the
electromagnetic force is to be generated always
towards the center axis from to the Fleming’s
left hand rule®. And as the current density is to
be higher at the upper zone than at the hearth
zone, stirring direction of molten steel is to be
as shown by arrows in Fig.18. That is to say
that the molten steel is to be stirred downward
flow at the center of vessel and upward flow
near the wall.
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Fig.18 Electromagnetic force model in molten
steel.
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2) Scrap Pre-heating

Fig.19 shows just the image of EAF heat
balance, and the ratio of calorie of molten steel
towards total calorie is to be generally defined
as thermal efficiency. And the efficiency can
be improved and amount of heat source can be
reduced by managing to decrease total calorie.
Values of calorie of molten steel and slag in
input item can be determined by knowing tap-
ping temperature and slag ratio (kg/t). Here,
fundamental procedure for making heat balance
is to be mentioned as follows.

At first, total calorie is to be calculated by
summing up @O (power consumption) + 2 (the
other heat sources). @ (heat loss) is calculated
as the remaining by deducting 3 (calorie of
molten steel and slag) from total calorie. And
heat loss should be divided by measuring data
of cooling water and exhausted gas because of
the importance of contents in heat loss.

After that, this balance sheet is to be used for
decreasing total calorie and saving input calo-
rie especially for power supply. Furthermore,
another total analysis should be done using gas
analysis and materials balance.

By submerged arc heating described at
chapter 7, it seems to have decreased much
heat loss to exhausted gas in @). But, still much
more than 100kwh/t is to have been lost to
exhausted gas. Scrap pre-heating by exhausted
gas containing much energy was a new view
point. At first in 1980s, SPH (scrap pre-heating)
operation was tried by making exhausted gas
with high temperature passing through scrap
bucket. Next, EAF with the scrap pre-heating
vessel near the furnace was designed and prac-
ticed its operation, and pre-heated scrap could
be charged into furnace.

In 2000, the high efficient EAF with the pre-
heating vessel (or shaft) directly connected to
furnace was designed and practiced its opera-
tion as shown in Fig.20. In this new type of
furnace, scrap is to be charged into furnace
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Fig.19 Image of EAF heat balance.
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continuously without turning off the power and
the scrap is always to be heated up by “con-
tinuous countercurrent heat exchange” (scrap
of room temperature is charged into vessel one
after another). Furthermore, the pre-heated
scrap is to be melted quickly just after entering
arcing area (furnace) as scrap being pre-heated
to more than 800C at pre-heating vessel. As a
result there is no scrap in arcing area (furnace).
So, just after scrap charging finished and some
heating up of molten steel, tapping can be done
promptly. Also, the effect of controlling “flicker”
is higher than DC furnace due to continuous
arcing on “flat bath” kept continuously in fur-
nace and without turning off. And more, low
noise due to arcing only on molten steel and low
dust ratio due to screening effect in shaft scrap
can be achieved”.
3) Rotating of Furnace Body

In 2013, epoch-making furnace was devel-
oped having the effect of cancelling the term
of cold spot and hot spot in normal AC furnace.
As shown in Fig.21 and Fig.22®¥, the position
of cold spot part is changed to hot spot part
compulsorily by furnace body rotating equip-
ment mounted under furnace body at the time
of appearance of cold spot during melting stage.
Fatal non-homogeneous melting of AC furnace
was cancelled by this innovation, and the sev-
eral concrete results such as less heat loss to
cooling water, less refractories damage were
also reported?.
4) HDRI Feeding & HBI

Melting energy of DRI which contains gang
and rest iron oxide is comparatively bigger than
that of scrap. But the melting energy has been
decreased remarkably by applying the hot DRI
continuous feeding into furnace, especially in
case of EAF lying next to DR plant. Where,
hot DRI continuous feeding means the opera-
tion of feeding DRI into furnace just after being
produced at DR plant with high temperature.

It was said that DRI had the micro space
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Fig.20 Schematic view of pre-heating vessel directly connected with EAF.
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Fig.21 General survey of EAF with the rotation
equipment of furnace body?.

with moisture. From this reason, DRI was
generally prohibited from carrying by ship. But
the development of HBI, which has no space in
it due to being pressed by briquetting machine
as shown in chapter 6, made marine transporta-
tion of DRI (HBI) possible”.

9. Quality Improvement

Application of EBT has minimized the
carrying over slag at tapping which might
cause inclusion defect. And as ladle furnace
(LF) has been spread over, desulfurization and
producing high alloy steel have been possible.
Furthermore, degasser has been installed to
EAF plant of special steel maker and degassing
and inclusion floating-up refining by steel circu-
lation in vessel of degasser are to be done.

Essential difference of quality level between
BF-converter steelmaker’s process and EAF
steelmaker’s can be said only 2 points as fol-
lows.

One is tramp elements coming from scrap
and another one is higher Nitrogen content due
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Fig.22 Rotation schedule for scrap melting uniformly®.
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to not so active CO reaction as converter.

Suitable scrap selecting is to be done for the
former one, and submerged arcing for the pur-
pose of avoiding nitrogen gas dissociating in arc
of ultra-high temperature is to be done for the
latter one. There are not any quality differences
between two processes except abovementioned
points, and only there are different specifica-
tions of product and different facilities suiting
to specification.
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10. Refractories

To tell the truth, the invention of Thomas
Converter was the invention of Dolomite brick
sintered at high temperature. A lot of develop-
ment of refractories have been done according
to needs of steelmaking at that period, and
respects are to be payed to many pioneers.
Recent some instances of development are to be
introduced here.

1) Ultra high Density Brick

Refractories situated at hot spot is compara-
tively suffered from effect of arc flare, and its
load may be accelerated by higher slag oxidi-
zation or higher temperature of molten steel
depending on steel grade. From this point of
view, several refractories for the part receiv-
ing high load have developed. For an instance
the test result of “MgO-C brick with ultra-high
density” is shown in Fig.24, where the devel-
oped refractories show the life more than the
twice of the conventional. The estimated cause
of higher life seems to be its higher density and
lower carbon content with the aim of suppress-
ing magnesia carbon reaction, as follows.

MgO(s)+C(s) = Mg(g)+CO(g)

This type of brick can be applied not only for
EAF but also for ladle, converter.
2) Unburned Alumina-Magnesia Brick

Generally casting work method of cast-
able refractories is often applied for ladle and
its purpose is to be said the cost saving by
minimizing the overhaul repair. But it seems
to be more important for its characteristic of
keeping warm of molten steel due to its lower
heat conductivity and heat capacity caused by
lower porosity. But application of casting work
method may be hard for EAF plant due to its
Intermittent operation and for the plant having
no casting work equipment.

From considering these important points,
“unburned alumina-magnesia brick” (ALTIMA)"
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Table 3 Properties of ALTIMA™

ALM-F001 | ALM-F007 | Conventional

Chemical composition Al.Os 88 77 65
/ mass % MgO 7 13 18
C 10
Apparent porosity
/% 11.6 10.0 6.4
Bulk density 3.28 3.10 3.7
/ gscm

Compressive strength
/ MPa 42 60 34
Thermal conductivity 98 15 13.9

at 600°C / Wem"'+K"

has been developed with the same materials as
casting method of castable refractories. And this
material can be used for every plants without
any restrictions and is especially expected for
energy saving as well as cost saving. Funda-
mental properties are as shown in Table 3.
Although being minimized to simple descrip-
tion, steelmaker’s demand to refractories will be
in very high level from now on. Various develop-
ments such as stable operation, energy saving
operation, high quality steel etc. are expected
to be practiced by building up closer connection
between refractories makers and steelmakers.

11.  Graphite Electrode

As the electrode is suffered from arc higher
than 3000C and molten steel around 1600C, it
has to have the special characteristic of thermal
shock resistance, high strength, less oxidiza-
tion loss, and carrying large current. For that
needs, electrode makers had accumulated the
technologies on its production processes such
as raw materials careful gathering as needle
cokes, molding, calcining, graphitization, QA
etc. for the purpose of supplying high quality
artificial graphite. Schematic view of graphitiza-

' is shown in Fig.25 as reference.

tion process
Electrode discussion is to be situated at the final
position of this technical report due to writer's

intensity of feeling coming from following three
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lite size

12)

reasons.
1 :EAF process starts from arcing, and its
starting point is electrode.
i : UHP operation and DC furnace could not
have been realized without the development of
electrode manufacturing.
iii : Progress of electrode and EAF can be
shown objectively in the transition of electrode
consumption.

Transition of electrode consumption since
around 1960 is to be shown in Fig.26 with the

13)

various developments and technical events

And this chapter is to be closed noting finally
that the recent result of around 0.7kg/t is con-
firmed in pre-heating furnace in Japan.

12.  Expected Items of EAF as Conclusion

As the total theme hereafter countermeasure
for global warming-up cant be removed.
Thorough actions for avoiding wastes are to
be executed towards limited global sources. It
is essential attitude of marking and avoiding
the waste of time, waste of calorie and waste
of steel. Accordingly as the fuel should not be
wasted, carbon also not be wasted. Carbon
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Fig.26 Progress of electrode consumption achieved by both efforts of suppliers and users.
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should not be wasted, but power consumption
also should be decreased. In this hard demand,
carbon utilization in solid as pig iron may be
effective because the carbon in solid can be into
molten steel easily during melting process with-
out loss. Instances of energy saving by using
DRI(HBI) is being introduced overseas'. Study
and investigation of carbon utilization in EAF
operation is to be a big theme from now on.
Though there is 1.3 billion tone of latent scrap
stock in Japan, there is not big difference situa-
tion of scrap all over the world. That is to say
that raw material for EAF has been accumulat-
ing too much. Accordingly, coping with tramp
elements will be the more important theme
than present. From this view point, avoiding
“improvident” Cu contamination at the stage
of scrap mixing and melting is very important
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