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Recycling of furnace by-products
oy injection into the EAF -
experience and prospects

I environment is htmmmq mare and mone & key sswe for the steel industry, In particular, aneas where | increasing
@iable coit of production and the cost of kbour reduce the profit of the final product, the additional cost of
Eidue disposal may reduce to zero the result of the steel plant In ltaly the production of steel using electric are

3 generales mone than two million tof slag and vanous types of ather residues per year, The rmning of

B try-products follows two important goaks: minimising the expigitation of natural resources and reducing the

of waste material

[0 laly, the first industrial plant for recycling
_" i arc furnace and ladle firnace by-products
i boen operating since January 2001 at Ferriere
el works in Osoppo — since January 2003 an an
rial scale. The plant converts ladle slag - also
lled “white slag™ - and wsed refractory material
00 final powder mix which can be injected into
e electric arc furnace through specially designed
'_ ors. The incustrial application of this recye-
If procedure has proved its sustainability, both
fi-and processwise, Other important benefits, in
Mo to the feduced cost of slag dispesal, come
i e redusced ameonant of lime 1o be wkled o the
\ pamely aboqut 35 % bess,
(e of the ke issues (or the swocess of this recyc
pmc:.-s.i i the accurate study of the metallur-
fal characteristics of the ladie slag, the EAF slag
elr interacting after injection of the recycled
mix.
ith the new process i 15 also possible to add
e recycling process waste materials which
processed En the first indusedal plant, The
cal is o recycle all by-products of lgquid steel
whaction ino the actual liguld sieel production
e, Figure 1, except for the of-gas fines — mainly
ooxides —and the EAF slag, whose en-
: tal impact is very low and which can be
iy utilised in other industrial applications such

ajority of the waste material intended vo
ded by this process is so-called =ladle slag™.
slag that remains in the ladle after the cast-
ecess, and all the refractory material of the
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ladbe after its usual life cycle. Both are unstable base
mitterials, subject to structural changes converting
them into very fine powder. For this reasen the
handhing of this type of waste is difficult and, in
addition, the cost of its disposal or storage is very
high due bo it chemical composition. figure 2.

Lalbe slagg, The Laclle slag mainly consists of floxes
{mainly lime), EAF slag transported into the ladle
after the tapping operation in the EAF, oxidation
products of the barh and products of Ladie refractory
wear, The chemical analysis and composition of the
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ladle slag varies depending on the secondary metal-
lurgy process to produce the required sveel grade.

Lime is the main companent, at the process-
ing temperature i the form of di-calcium sili-
cate (2Ca0.Si0y), tri-<calcium silicate [3Ca0.5i0,)
and other components (3Ca0-MgO-3510,,
54 Ca0r- Mg Al D, 16510, 11Ca0-7Al,0,-CaF,,
CaF,). Free di-calcium silicate can be present in the
ladle slag in different phases (w, ay,’, o, f, 1. o type
phase is stable at wery high temperatures, During
1.'||r,]]11|;: diown the ladle sl.'lg 4.']1:|.|11'.'\e'.| o type |EI- at
630 “C, AL temperatures lower than 500 °C it trans-
forms to type 1 The f-y conversion is accompanied
by @ 10 % increase in valume and results in the mat-
rix shattering into powder because of their different
crystal structures and density |2].

The volumetric stability of the ladle slag also de-
pends on the presence of Cad and MgO not com-
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Uned sefractory
ancd [adle slag
can be recypched
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hined in silicates, These oxides can take part in
the hydration and carbonisation reactions where
amid when the ambient humidity is sufficient. The
hydrates and carbonates volume is almost double
the oxides volume, and also for this reason the slig
crystalline matrix can be shatered. It has to be
mentioned that when Ca and Mg are combined as
hydrates, they are less useful for the recycling pro-
cess due to the higher energy requirement vo melt.
The EAF slag. on the other hand, does not suffer the
shattering mechanism, as the di-calclum silicate is
il lised b Pl present 1 that b‘!.'vprm{nd 13].

Far rebar and structural steel, which are the main
steel grades produced at Ferriere Nord and Stefana.
the chemical analysis consists baskcally of calcium ox-
ide |50 - 60 %), magnesium oxide (about 6 %), which
is the base fractbon, silica (10 - 20 %) and alumina (5
- 10 %), Sulphiir may e present at up to 1 %,

Ladle refractory. After the complete life cycle of
the ladle, worn refractory bricks and the slag and

steel stuck inside the ladle are removed. This mates
ial ks usually disposed of as plant dust, although i
can exsily be reeovered. This type of dust 18 mai -.'
composed of calcium and magnesium oxide

its different crystallime structure. As a maner of fa
the presence of di-calelim silicate is insigni s
w0 thee shattering of the crystalline matrix i maink
ciused by the hydration reactions. The usual chem
ical composition of this material is calcium oxide
= 58 %), magnesivm oxide (36 — 40 %), carbon (upiE
2 %6), alumina (1 %) and silica {less than 1 %)

Tundish refractory. After the casting sequenos
the tundish refractory material — made of brick
or sprayed mass — is removed from the tundi
gether with the deposits of steel and slag residus
Generally it can be important o recover the 58
called *tundish skull®, i. e. deposits of teel 0 th
bottom af the rundish, o not loose tons of m 4
that can be recharged into the melting process,
it might also be useful to recover the high amom
of magnesia present here. The chemical analysis
the non-metallic part of this material Is mag
{50 — 90 %, depending on the refeactary type
quality), silica (10 = 20 %), alumina (1 - 6 %) a0
lime {up to 12 ), 1

EAF refractory. Once the EAF caimsikgn is o
thie bottom shell refractory s demolished. This p
cedure generates twio makn by-products! used 58
nesite bricks — some of which might be re ‘
the next lining campaign, whereas others
too small to be reutilised — and the fomace b
lining, a material subject to powder gener.
4 similar mechanism as that described above
composition is roughly magnesium oxide (58
B0 %), calcium oxide (10 = 17 %), iron oxide maif
coming from furnace slag residies (10 - 15
bon {akout 6 %), silica (1 = 3 %) and alumin
to 1 Haj.

Used bricks are usually recovered by the -
LOry il'u]LLi.tl‘i_.'. It I|.'11.'3.I Cin also e 1,':|.§i|.].-
inn the EAF, figure 2, Their composition is i
magnesium oxide (more than 95 %), calcium o
{abaut 2 %), carbom (up to 3 %), silica and aliumg
{bath less than 0.5 9],

Swept fines and other common plant du
All the material recovered by sweeping o
during plant cleaning. i. e. cleaning of floo
platforms. and other recovered fines are mall
compaosed of lime (25 — 35 %), silica {25 - 3§
magnesium oxide (5 — 10 %), alumina (5 = 10

stahl wrad esen 1746 |0
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The slag when it is poures
out of the ladic and it i
iall af hot femperabune
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carbon |5 = 10 %) and other maverial. As far as they
are powder and fine powder, their reutilisation in
this recycling process is simple. Other minor dust
fines, for instance fervo-alloy fines. can be added 1o
the other recycling material without causing any
major change to the global analysis, due o their
low % in thef mix.

The saime 1% valld for the material to be dispose ol
coming from the delta roof demolition after its life
eyvele. Actually this materal contains 4 high propor-
tion of alumina {around 85 %), a5 well as magnesia
15 b}, silbca [less than 5 %) and lime (less than 4 ).
S0t does not perfectly match the requirements of
the EAF slag, as all this material is to be recycled

by injection. However, the amount of this type of
by-product is so small compared to the ladle slag
that the negative effect of the present alumina is
compensated by the benefit of the lower cost of dust
disposal.

Mix of the residuwes. Considering the quantities of
the materials produced by the steel plant. the mos
important part of this mix is of course the ladle slag
jaround 90 %), followed by ladle relractories (3 %),
runcdish refractories (up to 3 %), EAF refractories
[about 2.5 %) and swept fines (around 2 %) The
other materials present are negligible.

If a good method is avallable for recycling all
these materials into the EAF slag, then the output
aof the liguid sreel production cycle can be reduced

o anly three products, namely Houid steel, EATF i
amd fines from the dedusting sysoen.

Feasibility of ladle slag re-use
As 90 % of the material to be recyched s ladle
it is important to focus on this by-produce
stee] plants equipped with EAF and ladle furnace i
secondary metaliurgy have tested or apply so-calks
~hot recycling™ of the ladle slag, Before chargingof
the (irst bucket of scrap, their EAF are opencd i
receive the mix of slag and steel contained inthe
ladle left after the casting process. figure 3. Fros
the energetic point of view this is the best way g
pecyele the ladle slag: the temperature of the SHE
is certainly higher than 1000 *C, This reduces
amount of energy required by the EAF to incres
the temperature up o the stamdard level, More
the part of steel lefi in the ladle can be pec
into the EAF still as liguid.
However, this salution creates two problems. T
first one is linked to the operational risk, plant ko
ties and productivity: pouring back liquid skag
i% mot an entirely safe operation, to a high deg
depending on the crane operator’s capabilities
casting crane, often occupied by its standard fi
tions, would have to be used for an additional op
ation; the pouring operation increases e 7
ofl™ time of the heat.
The second problem is associated with thes
ficulty to control the metallurgy of the incoms
EAF slag and the hot heel, The slag analysis ig0
known, as the quantity of slag and stee] pou
net knewn, In case the following heat has spec
quality requirements, the recycling operation m
in such way may jeopardise the fnal Jiguid s
anitlysis. This less sophisticated method of
can be used to check in a very basic way the po
bility of recvcling in a furnace, but it is not Qs
able method for all those plants caring about sl
quality and plant productivity.
Ferriere Nord has used this method o tesgll
metallurgical limits of ladle slag recychinghi
quantities of ladle slag have been charged i)
EAF in order to check the behaviour of the
yuniler extreme conditions. The feasibility ol
slag recyeling was also verificd by analytical
ods. Basced on the metallurgical resulis of th
tests and the subsequent application of the s
ling process on an indwstrial scale a1 Ferriene
a metallurgical simulation mode] was dev
the experts of Teching Technologies and
Mord. Based on the plant characteristics a
oess dara, the behaviour of recycled ladbe sk
EAF can be simulated under different ca
in order to define the sustainability of the
ling process for other steel plants. This el 1
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