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Abstract

In the southeastern part of Romania, near Galati, there is the largest slag waste dump in the country as a result of the
metalurgicsl| plant (now ArcelorMittalalati) activity during the last decades. In order to assesvibetually re-use

of the waste dump material, a detailed mineralogical stualy earried out. Some 100 slag samples have been
investigated and revealed a quite uniform compositionir Thimeralgy is quite complex, from the point of view of
mineral classes and comprises native elements, oxidéges, phosphates and silicates. The main component is
melilite, twinned and zoned, having with fine inclusiaisative iron and oldhamite. Fayalite is rather fredaem
zoned. Wstite inclusions occur within the anorthite gl&keletal grains of merwinite have been observedgels

as perowskite associated with melilite. Hercynite andladkite occur as accessory components. The potential use
of the slag material coud be as construction materialbatas a potential source of some rare elements.

Keywords: slag, melilite, fayalite, calcium disilicate, ivatiron, wistite, magnetite, troilite, oldhamite.

1. INTRODUCTION

The Galai blastfurnace, the largest in Romania, was built in the 19609l@henow ArcelorMittal Galati,

a subsidiary of ArcelorMittal Steel Holdings AG, is locatiedsoutheastern part of Romania, at the
Danube port of Gatg 80 km from the Black Sea. The steelmaking process stéhshve processing of
iron ore which is brought, from worldwide, as far as WestcafrNorth Canada, Brazil, Kazakhstan, etc.
The samples studied here were collected from the furnacevaktg dumps

A mineralogical investigation was carried out in order to riesreamineral composition of the slag as a
basis for eventual reprocessing. The mineralogy oftGaéy GS) shows that it is predominantly silicate
(melilite, wollastinite, dicalcium silicate, monticediitanorthite and fayalite). In order of predominance
after the silicate class, follow the oxide class (wlstitegmatite, hercynite, spinel, sghkhercynite
mixture) sulfides (oldhamite, troilite, pyrrhotite, Ni-gdiés) and native elements (native .Feparely,
some phosphates occur (whitlockite) as accessory minerals. 3tivsation is based upon careful
microscopic investigation (in transmitted and reflectedt)igh over 100 slag samples covering almost
the whole surface of the slag heaps.

2. MINERALOGY

2.1 Native elements

Native iron, Fe, cubic.It occurs typically in small blebs (Fig. 1). In polisheettsons it has a white
colour, high reflectivity, and is isotropic. In the GS thetive iron is associated with wustite, troilite,
magnetite and fayalite. The native iron is a very goddtator for highly reduced environments.

2.2. Oxides

Wistite, FeO, cubic. In the GS wiistite occurs as massive or indivicdhreddral grains between other
slag minerals like fayalite, or magnetite. In reflectigtitlit has a light grey colour, with a faint greenish
tint (Fig. 1). The wistite from GS is formed at high tempees and in a highly reducing environment,
usually on fayalite.

Magnetite, F€"Fe**0,, cubic. It occurs rarely, as relic grains usually transforinesliistite. In reflected
light it is light gray with a brownish tint and has troilitelusions (Fig. 1b).

Hercynite, FeAl,O,, cubic. In transmitted light hercynite from GS has a redwobnd is isotropic. It
occurs in a very small quantity, being associated aiyalite (Fig. 2a).

Spinel, MgAl,O,, no colour, isotrop. Spinel rarely occurs but in big grains.

Spinel-hercynite solid solution intermediate members(Fe,Mg)ALSiO,, yellow colour, isotrop. All
spinel terms occur in the Al rich areas, with some variatairiMg andFe
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2.3. Sulphides

Oldhamite, (CaMg)S, cubic. It occurs as dendritic inclusions in melilite (Fig. 2lm).sbme melilite
crystals there occur dendritic inclusions of oldhamite. Somest the oldhamite inclusions are very
concentrated almost throughout the crystal giving it an opagpearence. In some melilite samples,
larger inclusions of oldhamite and stellate clusters (ca 0,4oooyr. Oldhamite appears also as euhedral
individual crystals.

Troilite, FeS, hexagonal. It is a rare sulphide mineral, being the end merhtiex pyrrhotite group. The

pyrrhotite has the formula k&S, with iron deficient. Troilite is enclosed in magnetids small grains

(Fig. 3a). In wustite the troilite occurs as very fingféitm veins. In reflected light it has a light yellow
colour and is anisotropic.

Pentlandite (?), (Ni,FeySs, cubig optically determined. It occurs rarely, as large grainsefiected light
it has a white colour, no cleavages, @nig isotropic. It is associated with magnetite (Fig. 8bjill be
correctly determined in our future researches by micropnoblyses.

2.4. Silicates.

The mineralogical constituents of GS silicates are in predoménarder the following: melilite group,
fayalite, dicalcium silicate and anorthite.

Melilite is the major crystalline phase in all samples and occunshesleal, prismatic forms with crystals
sometimes twinned. It is a solid solution of akermanite (2CaO-Bif®) and gehlenite
(2Ca0- AlOs- SiGy). The melilite occurs in clusters and as isolated crystalsrinantric and sector type
zones (Hirtopanu et al, 2004). The microscopic features diteake very similar to those presented by
Scott et al. (1986). The iron, oldhamite and troilite inclusimnmelilite are common.

Fayalite, FeSiO,, orthorhombic. Fayalite is very rare in nature but is commanetallurgy, especially

in iron slags. In the GS it presents a granular prigntatbit with moderate and imperfect cleavages. In
transmitted light, the fayalite has a pale yellow to andmdour, with very faint pleochroism (Fig. 2a)
Optically it is biaxial (-). It has inclusions of native iramd troilite, and is frequently substituted by
waustite (Fig. 4a).

Anorthite, CaO-Al,O3-2Si0,, triclinic, occurs in the domain of low lime and high aluaicontents,
where the mineral may be formed. It is grey black, glasslisotropic.

Dicalcium silicate, 2CaO- SiQ, orthorhombic, may be formed in slag having a high lime eranit
occurs as striated grains. The dicalcium silicate occurs in at least three different forms (Lee, 1974). The a-
form occurs at temperatures above 1.@2@vhen the slag is in a liquid state. When the temperéilise

to about 675, the dicalcium silicate occurs in the f-form. So, the dominant form in the GS is B-form.
When the dicalcium silicate changes from the B to the y form, which it can be done at atmospheric
temperatures, it increases in volume by about 10 % (Lee, 19ichif, the silicate is in sufficient quantity,
the expansion will cause disintegration of the slag mawhich has happened to the GS. Also, the
oxidation of the reduced iron oxides from GS leads to expansitnoh may cause disintegration of the
GS.

2.5. Phosphates

Whitlockite, Caig(Fe,Mg)(H.,Ca)(POy)14, rhomboedral, anhydrous apatite, occurs rarely in GS, as
accessory, in large grains (Hirtopanu et al, 2004). Theoskhk, identical with the beta polymorph of
Ca(PQy),, first known from slag systems, was later found in naturealmsmitted light the whitlockite
occurs as rhombohedral, colorless grains and has no cleavtdagegtically ().

3. DISCUSIONS

There is no silica present in the GS. It is probably alhidaup in the melilite, fayalite, dicalcium silicate

and anorthite. The anorthite is present as glass in wiichidn reduced oxide, wistite, and the silicates
were dissolved. The small quantity of,@k remaining after the forming of anorthite contributed to form
the hercynite. The mineralogical composition of the GS in ternhemynite, fayalite and wistite assists
in determining its melting temperature. If the mineralogomahposition is inserted in the phase diagram
in Fig. 5 for anorthite, silica and wistite (Lee, 1974) thw®retical melting temperature can be read off.
This can be seen to be about 1.100-1Q@p®&hich approximates the working temperature of the futrnace
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Figure 1. (a) Native iron (white, blebs) in wiistite (greéyite); (b) wiistite (grey), magnetite with troilite insions
(whitish grey) and fayalite (dark grey) with wistite inclusioReflected light, X160, IN

X 2 s R & "o . ‘ :
Figure 2 (a) Hercynite (red-brown), fayalite (yellow-brown)sik25, NI; (b) stellate oldhamite crystals and its
dendritic growth within a melilite crystal (white greyjransmtited light, x25, M.

Figure 3. (a) Magnetite (grey) with troilite inclusions (white, aniepic), x210, NI ; (b) Ni-sulphides

(pentlandite ?) (white, isotropic) and magnet

ite (gpeypus), x160, N.
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Figure4. (a) Fayalite (brown-yellow) and wiistite (black), x2Q) Nb) zoned melilite crystal (bluish40, Nt.
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Figure 5. The system anorthite-wistite-silica phase@agGsS are situated within FeO
right corner in the wistite-fayalite-hercynite areag[L£974).

4. CONCLUSIONS

In spite of common appearance (black to greyish colors)riseoscopic analysis of GS revedilits
diverse mineral composition. The determined minerals belongrin&ralogical classes: native elements,
oxides, sulphides, silicates and phosphates. Most minerals areaveryccurring in meteorites or on
Mars and the Moon (troilite, oldhamite, native Fe). The rdostinant mineral phases are those occuring
at high temperature, resembling either the sideronitiatestor rapid quenching of high temperature
assemblage (skeletal crystals, stellate crystals, e.g. okghiarmelilite) etc. The mineralogy of GS could
be more various and a complex study is in progrggsh a studys necessary to assess the potential for
the re-use of GS as construction material. The GS @dsibobe a source of some rare elements.
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