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SUMMARY

Though changes in metallurgical practice are tending to reduce the amount
of slag per unit amount of metal, the absolute rate of output of slag is likely

to increase because of increasing world iron and steel production,

In most situations slaps can, with proper processing and saleg policies,
become a siymificant economic advantage. This report considers the main pro-
ceassing methods, the types of slag they suit, the products obtainable and the

main quality requirements.

There are two main groups of slags, blast-furnace, and steelmaking,
Broadly, it can be taken that steelmaking slags have a considerably higher

€a0/5i0  ratio and PO content than blast-furmace slags.

A. Blast-fwrnace alags

The main method for processing blast-furnace slags in many countries is to
let it cool in the air, the resulting mass being fenerally crushed and screened
and used ac an agreregate for concrete, as roadstone, railway ballast and for other
purposes. For roadsione the material can be coated with bitumen or tar, the coat-

ing being often advartageously made part of the over-all slag processing operation.

* This is o cummary of the paper issued under the same title as 1D/WG.14/7

l/?he views .nd opinions exprescsed in this paper are those of the author and do
not neccuoarily reflect the views of the secretariat of UNIDO. The document is
iﬂégr;sented as submitted by the author, without re-editing.
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Most applications of air-cooled slag require mechanical strength, This is
avsessed from the bulk density, which should be above a certain minimum (e.g,
1250 kg/m} in the UK standard upcoifica;ion). It is also necessary that the slag
should not lose mechanical ctrengrth in service (i.e. that the material is not
'unsound'), and thio requirement may not be satisfied by clars whose composition

(weight ) ic such that G0 + 0.8 ¥eO > 1,0 810, + 0.4 AL O+ 1,75 8; that the

total eulphur and noid-soluble culphute (expressed as Sﬂ%) cxceed 2,0 and 0.7 wt %

respectively; and that the slag cannot curvive prolonged water-immersion,

Slage that fail to satusly strength requirements can find applications by

s

virtue of their chemicnl composition e.¢. ac a woil conditioner,

A light-weight, porcys material ('expanded slag') can be made by treating
the molten slag with a moderate amount of water, or air/water/cteam mixtures,
sometimes in combination with mechanical action, With a bulk density of 640~
1700 kg/m% for the fine fraction and 450-880 for the coarze it makes (provided it
iz not "unsound' ) an excellent light-weight aggregate for concretlc, Alternatively,

under certain procescing conditions it can become a good cement.

When trented with o relatively large amownt of water (sometimes in combina-
tion with mechanical action) molien slags are converted to a sand-like product,
If this is finely ground and mixed with an activator (a basic material or sulphate)
a good cement results, especially if tne composition (weight ) satisfieg the
formula:

) 1w e
CaO + [ Vg0 + CaS + A1203

> 1,5
SiOg + ¥no
Molten slag can be spun or blown{or both) into a fibrous material (slag
wool) which makes an excellent insulating material. It is used loose, or bonded

by stitching or chemically. This relatively high-value application can bear the
cost of remelting cold slag.

Slags can be formed directly into useful articles, e,g, kerbstones, by
casting. For larger castings a granular filler or steel reinforcements can be

incorperated, Hetter properties can be obtained if the composition of the slag
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is substantially altered, mainly by addition of silica, ip simple furnace, 1t
a nucleating agent is added at +the same time, and the shaped article 1 hent
treated, = form ot glass-ceramic of superior properties can be obtarned. Al
thece materials are remarkalle for their wear resictance, and the plass-ceoramic

type has many other uceful propertie:s,

(h

If the composition of the slag i altered by addition of lime {or lime-
stone) and iron oxide in . special fuimace, the melt on cooling gives a elinker

of the Portland-cement type.

The handling of slags and slag products forme an important item in their

.

processing costs and adds significantly to the capital costs of a vteel industry,
Handling methods must be cons dered an integral part of slug-procesiing metlhods,
The slags leaviny the blast-furnace can be run directly into pits at the furnace
or taken away by ladle. 1In the iatter cace, the ladles are usually tipped into a

pit, but cometimes the slag is allowed to 80lidify in the ladle.

B, Steelmaking clogo

Virtually all steelmaking slags ave air-cooled, and their handling is

rather similar to that of air-cooled llast-furnace alags,
£

The 5-10" of metallic iron they contain ie usually the most valuable com-
ponent of steelmaking slags, and ito recovery 1 the main aim of Lheir processing,

It is achieved essentianlly by sirve reduction and magnetic separation,

In the uecual procedure, mechanical crushing and prinding 1o used, but an
alternative is available where the sire is reduced through volume increases

accompanying deliterately-induced changes in crystaliine,

Steelmaking slags from which the metallic iron has bLeen extracted still
contain valuable componenis which can be recovered or matde une of 11 the zlugs
are returned to the ironmaking operation. The slags then behave as a low-grade

hosphoric, highly basic, manganiferous iron ore,
' % 1 23

Nost cteelmaking slags car, with little or no procescing after iron
recovery, be made suitable for use in agriculture either ac phozphatic fertilizer

(if their soluble on5 content is high enough) or as a soil conditioner (e.g, as
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liming agent), 4 fraction richer in iron oxide and poorer in phosphorus can be
obtained from o process for upgrading slags for fertiliver,

Many crushed steelmaking slage are suitable for use as aggregate,

Conclusiong
—Lgsions

The main conclusions to be drawn from a survey of present clag-proce
practice at i1ron and steel plants
follows:

gsing

and recent developments in thigs field are as

1) Many methode for
are available,

Processing metq lurgicsl slags at iron and steel plants

2) A slag-processing method can usually be selected to

suit a particular
slag and particular market

situation.

3) Slag processing can often he combined with the convenient removal of 8lrgs

from the immedinte neighbourhood of metallurgical plant,

4 Through Tocessing, clage can be transformed from n waste material with
p f‘) T
MQuﬁmmthmM}

g and disposa] ot into profitaile by~products such as:
aggregate for concrete,

coated or unconted roadstone,

filter medium, so0il condj-
tioner, phozphatic fertilirer, mineral wool and mineral-woo producty,, light~

weight ageregate and prodicis based on it le,g., light-weigh: concrete masonry
blocks), cements, cast blocks for foundutions, wenr-resigting plates,

5) Some “lag products ape relatively

~heap, others com
stgnificant fraction of the

iand prices that gpe a
Price of the corres

ponuing metal,

6) Recent developmente are increasing the Scope for slng processing into
higher-value products,

7) Some lage contnin appreciable quantitieg of metallic iron whose extrac-
tion is profitable form of slag processing that

at the same time forms part of
the general ccheme for the iron-

free slag,
8) Under certai condi

tions slags have useful metallurgical properties and

can be returned to the main process,

9) Special processes can be used 1o extract valuable non
from slags,

-metallic components
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10) Slag processing should be included in the planning of a steel works,

and the possible savings in foreign exchange and capital from the use of slag-

based products in the nation:l economy should be kept in
planning level,

mind at the national
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« UGENERAL INTRODUCTICN

Witr exieting methods of uaking i{ron and atwel each ﬁnit
of metal is inevitably accompanied ny the production of a ¢rasiderable
amount ¢f slag. Cheters in proctios g temding to roducs thia
relative amount, but rises in motal prodiction will probably ansure
a growling .orld mlag output, thoueh loorenses way ocenr Tocaily,

in most gituaticss, aiwry can, wiih propaer

and aaleps voliciss, bDanoss g 1ol Tioant econoeic wivaniagssy on the
otber band; they can ba an exprncive Wi.waite. At Soas Lyon ghd

steel workes alap-procsusing end diag s the pepsponsiiiolsy ef

the worksi ot aome, alay g acld Lo wateids o S BHOOY an

it leaves tos furnacey ot othoers, Lho works pulls o peiliye
procesaed alag.  Each arrangement lae ita advaniscws and dige
advantagos, and the aitvation must be analyzeml for ceanh case (with
dus regerd tn pospible interrerence with tha operaliun of the

metaliurzical plant) to decide which will wire the gsraitent

avarall mivactage.

The sconomics of slug processing have boon discuseod
racently for lirited ranges of conditions®,**, L {0 jopossibls
to generalize, but trs following ordersof-magni de Tigireg may
help *o provide & frasice of refarences (the 'prive rece.vod
axpresasl ac percentayge of the production cost of s tonns of the

corresponding motal }.

* V.I. DCVGOPCLy 'Econumica of utiiization of
1964, "7-{-5tal}‘«@r.'i:,m‘L, Misoowg
Ko. 4584, 1966 British Llren an
Translation earvicu, woaon.

Fy
N
‘

E
## Sixieme Congres du Groupe de Travail Internas.onal des
‘Prangports Interieurs et Manutentions', 1963, Faris, voi.lll,
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How elag is disposed of Price received per tonne
of slag
Sold unprocessed e
Sold as ungraded aggregate 2h
Sold as graded aggregate 4%
Sold as graded and coated aggregate 10%
Sold as low-quality phosphatic
fertilizer 15%
Sold as high quality cement 20%

Sold as high-quality phosphatic
fortilizer 30%

S0l1d after extensive processing

a.g. ap wear-resisting material 100%
Dumped to waste well away from works -3% (1oes)

One contrast between tho econcmice of iron and steel marmfac-
ture and of slag processing is tihat with slags the materials cocis are
very low. The ccet of the final product is thercfore influenced 1o
a muck greater relative extent by conversion anl transport costs.
Anothar contrast is that slag proaucts oftun have tc compete with
naturally avaiiable, and often weli-distributoed, natural materials,
that may merely noed digzing out of tne ground. This means that in
puch applications of slage, iiltle margiu ia available for processing
and tranaport cuets. The situation ie different in appiications
where advantage i8 taken of the spicial proporties of slage to five
a superior product, and in principle 1t 18 such applications that
ghould give the greatest overall benefit.

In the varly days of slag utilization, the market was

restricted not only by economics, but aiso by lack of confidence in

alag productu. This kas now been largely overcome through the establish-

ment ¢l etandarde of guality, eliri.vilon of incorrect uses, and &

vigorous policy of research and publicity.

The present report deals with the processins of the main
forms of elagt blust-furnacs and steelmaking. UNot all the poasibilities
have been ~vered, and, in particular, the special processing that

oan be und- :axen on slags from high-alloy stenl ani ferro-alloy

producti.n to extraci valuable components bas nol beon dealt with,
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2 BLAST-FURNACE SLAGS
2.0 Introduotion
The amount of blast-furnace slag produced per tonne of pig
iron varies very widely, from over a tonne to less than 1/4. ¥With
the trend to the usms of richer ores and partial replacoment of coko
by low-ash fuels, the slagt iron ratio is tending to fail ysar by year.
Moast blast-furnace slage have CaO/S*CA ratios in ithe range
4.0 « 1.2 The other two major components are a;uut 3= 20K MgO
and 30 - 4% A1203. The minor compononts are sulphur (1 - %)
ani oxides of iron ard manganese (usually in the rangy 0.2 - 2%
each). The molten elags alpo coitain some disnolved gases.
Slage leave the blast furnace at temperatures of the onder of 155000.
The processing of blast-furnace slags is dealt with in the
following sections. It oan be divided into two broad groupst in
one, the slags are allowed to cool in air and then crushud to a
atone 1ike materialj in the other they are subjected while still
molten to various combinations of meschanical action and/or the
effecte of water, steam and air. In relatively recent developments,
processing involves subotantial changes in compositicn and requires
beat.

2.1 Air-cooled slags

The main method for processing blast-furnace slage in
many countries is to let it cool in the air, the resulting mass
being generally crushed and screened and used ao an agrrogate for
conoreta, as roadstone, railway ballast and for other jpurpoaes.
For roadstone the material oan be coated with bitumen or tar, the
coating being often advantagecusly made part of the overall slag

processing operation.

Most applications of air-cooled eiag require it to poesess,

and retain indefinitely, a certain level of mechanical strengih.

But even if the slag fails to come up to these requirsmonis, 1t
may under the right conditions etill find applicatiun by virtue
of its ohemical composition, e.g. as a soil conditioner vor itas

lime, magnesia, silica, alumina, sulphur or trace-metal contents, or

a8 part of the batoh in the mamufacture of Portland cement or glasa.
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The meohanical strength of air-cooled slag is not measured
direotly, but is assumed to be sufficient if the matorial is
sufficiently free from porosity, which in turn is assumed to be the
coase if the bulk density is sufficiently high, o.g. at least
1250 kg/m> for the conditions given in the British Standard+.

The porosity that air-cooled slags tand to develop is due
to the evolution of gas during cooling to form bubbles that do not
float out of the slag before it solidifies. One source of
bubbles is gas dissolved in the slagj another is sulphur or
sulphur dioxide produced by oxidation of sulphide by oxygen
(originally atmospherio) carried deep into the molten slag by
diffusion iron oxide.

The bulk density of air-cooled slag is, for the usual
range of slag compsotions, largely governcd by the cooling-process
conditions. The process is therefore as far as possible chosen
to prevent the bulk density's being too low to enable the slag to
be profitably disposed of. To achieve a sufficiently righ bulk
density additional treatment is sometimes needed. In such
cases two procedures have proved effectives addition of iron

oxide to the molten slag with steam**. Doth inovitably increase 0osts.

Ocoasionally, owing to certain of their chemical or
wineralogical features, slags are 'ungound', i.e. they lose
mechanioal strength in service. Three main types of unsoundness

are reoognized, the best-substantiated being 'lime unsoundness'.

Lime unsoundness is due to the presence in the solid slag
of a metastable form of the mineral dicalcium silicate, whioh is
linble to change to the atable form with an 11-% increase in
volume. Such a ohange can cause mechanical failures if it occurs
after the slag has been put into service. Acoording to the

® British Standard 10473 1952, British Standards Institution, London.

#% R. BAUNGER, P. MORTIMER & C.N. JOYNT. Submitted for Publication
to the Journal of the Iron & Steel Institute.




‘ritish Standard® s niu s conatdered free from limo unsoundnvua
if ite composition (in waight percentages’ satisfied one or both

of the following formulass

Car + 0.6 Mg0 1.23:{5,2 + Qudil I+ 1750 oal
- & o
CaC < 0.9510, + :;.5,41253 + 14758 {b)
i

4

There im some evidaaca®* that formula i\:\) 18 too eautious
for high-Mgl elage, and, in any case, failure of a slag to satisly
those formulae does not necagaarily mean that it coniaing thae
undesirnhls matastahle form of dfcaloium ail cate. A wiorosoopro
te8t 18 the only certain way of weifactisyw this fora of dicaloiun
silicate. Pt im i8 not cortuin that sven 17 dicdcium aiilicate
is pomitiveir detected the alag is unsound. For exansle, if
there is vary iittle of the mineral, tre slag may bo abila 10
accommodate ihe volume inaras: , o VLo Chalge may be gupprosaed
altogether. Juppreassicn can be effected by coupounds o puosphorous
or corrosion (not ncrmally eignificant conponants of Liast-furnace
slag) and in certain circumstancoe a daliberate addition, 6., of

apatite, may be econonically Juntifiable.

Tha othar two forme o unscundness are 'sulphur' and ‘iron'.
The firat is avoided if the tota. suipbar dows notl ax-cel J.u and

tha actd-avlabie sulphate texprasgod as 5o, ) ol wolpot x inoa

¥

standard test®***., Iron unpouraness is uniikoly witn rel contontia
I , . ~
under 1.5% and is comsidernd nbeent if thy wlag can 0 lwnarged in

water under standard conditions without showing sigms of fallura.

Unassimilated partiv-ourned flux, wnichk ig only present in
alaga during disturbances ia furncoe operation, cpon cauge unsvaniness
oving to volune ohanges associatoed with its hydration®* %%, iy 1w
therefore begt 10 dump slags made during such periode (which, with
improvementa in practice, are tecomine very rare;) or 1o divert then

to uses not requiring sound slag.

% Britieh Standard 104711952, Britisgh Standards antitution, Londun
#% A.T. PRINCE: J.Amer. Ceram. Boc.. 1% 1], 4UZ.

##% Britigh Standard 104711972, Britigh Standards Institution, London

#nu® E.W. BAUMAN: Journai of Maetsis, 1965, Jamiary, p 94
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Air-cooling processes oan be divided into two broad groupss
those that need ladles and those that do not.

In the ladle methods the slay from the blast-furnace is run
into ladles, whizh are then left standing long enough for sufficient
crust to form on the slag to prevent slopping durin,: transport. In
the extreme form of the ladle method the ladles with the mainly liquid
8lag are taken to sidings, left taere until the slag is eolid and then
taken to a track running along a bank, whcre the large lumpas of
slag ('balls') are tipped out and broken before furthor procesaing.
This method usuzlly gives the highest bulk density. However, it
is expensive because it requires a large ladle park and track
system.

In the more usual fomm of the ladle mathod, the ladles are
taken as soon as the crust has formed, and tipped into some form of
pit. The pits (or, if it ie large enouwxh, different parts of one pit)
are filled and excavated in rotation, water spraying or mechanical
turning often being provided to accelerate cooling, but only after
the slag has solidified.

It has usually been found that the higheat bulk density is
obtained when the slag can flow into the pit without obstruction (e.g.
by ladle skulls) and when the slag forms a thin layer, and the
trend is to modify pit practice to achieve this.

Oocasionally the slag is tipped down a bank, which is
sometimes also used to stook slag from pite before it is further
processed.

The method now being increasingly used for air-cooled slags
does not need ladles at all, the slag runners leading directly into
pits, which are filled and excavated in rotation. The excavated slag
is taken by lorry for further processing. The disadvaniages of this
furnace-pits method are that it gives the least control over slag
quality, creates a steam and smell miisance at the blast furnace and
takes up some of the already soarce space near the furnace. On the
other hand it is the oheapest, can handle large slag output rates and,
as regards the layout and transport system of the works as a whole,
provides a simple and flexible method for disposing of slag.
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The slag removed from the pit or bank is in a crudeiy broken-
up form. The subsequent processiny depends on the use to which <t is

to be put, but the following ie a typical modern arransoment that

glves considerable {lexibiiity.

The elag is taken firet (prefurabiy after preliminary
removal of any largs pieces of metal) to a prinacy cruchnr, which treaks
the slag duwn gufficientiy for eificient promoval of metallic iron on
the magnetic pulley that follows. The iron, wiish i3 tho most
valuable componont of blast—-DNurrace slasz, 18 roturacd to tha
iromaking operation. The slag, now frae {rom twtailic i1ron except
in the form of pisces 80 small that they would not be likely to
interfore with further crushing, forus a stockpile. Slar from
the stockplle goes to a escondary crushoer, throukh a sculping screen,
and thonce to a selesctor screen unit, from which lump slax for
uges such as filter media 18 dispatched. “ho overwico rom the
selector scraeaning unit goes to a tertiary corusher through
a scalping screen and is returnsd %o tue geiector sorooning unit.
The undersize from the selactor scraaning unit is scresnsd into
fractions which are stored in soparate bunkors. There ia provision
for rewurning the bunkered material to the tertiary crisher via
ite scaiping screen. HNatarial to be sold uncoated 1s diupatehed
direot from the bunkers, guncraliy by roal. Wuen coating ie
required, & vatch of the apprupriate eize bloend is Aried in a
rotary drier, welghed and mixed with the required wount of tar
or bitumen dispansed into the mixer from adja:ent tanks. The
coated material i1s dored in heated buunkers whilc awaiting diapatch.
The correct ratio of coating material to slag is important if the
best results are to be obtained in eervice without waste of either

oomponant.
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2.2 Foamed Slag

The tendencyof air cooled slag to develop porosity on
cooling can be deliberately enhanced, In faot, most blast=furnace
slage can be made to foam and then solidify into a porous material,
known variously as 'expanded slag', or 'foamed slag' or 'slag
pumice', If made from the right slag under the right conditions
it makes an excellent lightwelght aggregate.

Usually only a few percent of a ocountry's slag production
is foamed, but with the inocreasing importance of light-weight and
insulating building materials, this form of processing is likely
to inorease,

Foaming can be carried out either directly at the blast~
furnace or elsewhere in the steelworks or at an outside site, It
is important that the slag temperature for foaming should exceed
& certain minimum, but usually the foaming plant can still be far
enough away from the blast-furnace for a centralized foaming
inetallation to be possible., 4 centralized installation has the
advantages of a bigger scale of operations and less interference
with blaset-furnace operation, Some foaming processes are more
tolerant tran others of oold slag, and this should be taken into
aocoount in the ohoioe,

The foamed material is usually orushed and sized as part
of the overall proocess,

Researoh has still not fully elucidated the mechanism of
the foaming process and though some of the factors cre becoming
apparent, it cannot yet be sain with &ny certainty whether a given
slag composition is suitable for foaming under 8iven conditions,
It appears that a suffioiently high slag sulphur ocontent and
temperature are needed, reducing conditions also being desirable,*
But it ie often difficult to deoide to what extent these are
independent variables and can be counter~balanced by ohanges in
temperature and process conditions,

® ¥, LAYTON: Proc, Australasian Inst, of Mining & Metallurgy,
1963, Maroh, 57-68
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Among process conditions the water used in foaming must be a
major factors it breaks up the mass of molton olag (and prodadbly
'agrates' it) by the expansicn due to its avaporation or, in some
yrocesses, to a direct mechanical break-up through tho mechunical
action of water jets, provides the main cooling modium, and may
also greatly inorease the temperature Tange in wiich the
visoosity ims suitable for foaming,* Fortunately, the suitability
of a slag for foaming can usually be decided provisionally from
fairly simple practical tests,

As with air—cooled slags, the foamed materiul must be

free from unsoundness if it is to be used where #irenysih is needed,
This tends to exclude very limey slags which wnyway ure liable to

give a weak foamed material beocause of thin inter-pore walls.

The aim of the foaming operation is to produce g£=8 Lubbles
1n the liquid slag under cooling conditions such tnat the bubbles
survive to form pores in the solidified product; the cooling
oonditions must also prevent excessive fusion togothor of the
individual lumps produced in the foaming operation, sinve gioch
fusion would compliocate handling and orushing,

The main foaming processes can be cliassified intce "wochaniocal!
in which foaming involvee moving machinery; and 'non-mochanical'
in whick no such machinery is used,

KExamples of the 'mechanical’ process are thosv in which
the stream of molten slag falls, together with a stroam of wator,
on to a rotating paddle wheel, usually provided with additional
water-cooling, Other examples are the foaming ¢onveyor, where
slag flows with water via & wheel on to a moving metalliic cenveyor
on wbich the foaming continues, assisted by a further supply of
water in tue form of sprays. 'Mechanical' processes nave the
disadvantages of damage to the moving parts through abrasion,
thermal stresses and oorrosion,

* AJFRISAKs Stahl und Bisen, 1923, 43, No. 38, 1219-1228
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Corrosion is usually a problem in any slag treatment plant where
steam is produced, because the gteam is contaminated with sulphur
compounds., Since mechanical processss are sradually going out of
use, these disadvantages are evidently encugh tu culweigh the
advantages of the additional degroe of ugitation and inuependent
contrul they give compared with non-mechanical processes,

One crawple of the 'nun-umechanical' processes is the
'cascade’, where the slag fror the ladle fiows c¢cver a wseries of
inolined, overlapping trays covered with thin layers of water,

In another non-mechanical process (O.Vorwark)*moltan slug is
tipped into a shallow metal bod whose bage is provided with

Jets of water; whew foaming has finished tho product i rencved
by tilting the box, wuick is = Coasliorabie nandiing «avantage
over an otherwise similar process whore the foaming bed is fixed,

A final example is the "Einney~Osborne' process in which
the stream of slag, usua.ly directly froa the blast—furrnuce slag
runner, is broken and partly foamed by a jet of stean or air
(sometimes with a little water), and the droplets formed are
foamed by fine, sir-atomized Jets of water, The [oamu? slobules
agglomerate to form suitable lumps which avu removed by conveyor,
This process ham the advantags of positive aotion and « fair
degres of independent control of foaming and cooling without

the use of moving machinery, **

Good foamed slag should have a bulk density of 640~1200 kg/m3
for the =5 mm fraction (fine ageTesate) and 480-880 for the 5-12 mm
fraotion (coarse aggregate), But loy density must Ye coupled with
good strength, and it is in the achieving of this combination that
the art of the foaming operation liea, The material should also
be relatively light-coloured and, on leaving the plant, should be
dry enough for cheap transport and easy mixing,

® W. RUOPPs  Stahl und Bisen, 1957, 77, 36-43

#* S.P.KINNBEY and F.0SBORNE; Blast Furnace and Steel Plant, 1955,
May, 493-501
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It 18 not known to what extent the produot from the
various foaming prooesses is orystallized, and a range can
probably be obtained from most by changing the conditions, It
is olaimed, for exawplis, that the Kinney-Jsburne prucess can
give & foumed material with hydraulio propertiea gouod enough
for 1t to bo usad in cement raking (see 'Uranulated Slag!)e
Foamed slag most probably always contains some glaans, however,
and this must give the material certain hydraulic properties
that would improve the strength of concrete in which it is used
as mggregate,
Foaned-slag oconcretes are used as a bulk material or
in pre~fabricated components, e.g., masonry blocks or bricks.
Az well as lightnees, foamed slag contributes good heat and
sound insulation. The comsiderable sulphur removal obtained
in foaming ies useful if a low~sulpbur slag is required, 8., g.
for glassmaking,

The normal foamed slag has a fairly open-pored structurse,
which makes for a higher consumption of cemernt in concretes and
sorrespondingly, & denser and lese insulating conorete, A recent
development, still experimentai®, aime Lo produce a uaterial
with few externally open pores. ILnough water is added to molten
slag vc foam but not freeze it, and the materiwl is punsed
through two sets of water—cooled rolls, In the firsi, the
smooth rolls form a continuous strip of porous material whioh
the second set of suitable recessed rolle forms in*o roughly

spheriocal pellets with an almost continuous cuter layer,

243 Uranulated Slag

In some countries, the main method for processing
blast—=furnace slag at steelworks is by « rapid-c oviing prooedurs
known as granulation, The sand-like material produced by this
treatment of molten slag can be a useful substitute for sand,
but its main attraction is that it can usually be traneformed

* V.I.DOVGOPOLs 'Economios of the Utilization of metallurgical
slagas', 1964, 'Metallurgiya', Moscow;
translated No.4584 1966 Britia: Iron and Steel
Industry Translation service, London,
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into » oement i,e, it has potential hydraulio properties, For
this it is essential that the slag after granulation should be

largely in the glassy state, and this is what the rapid sooling
is designed to achieve,

To be oapable of transformation into cement the slag
needs a relatively high lime oontent, Unfortunately, this
requiremsnt is oontrary to the other requirement of a mainly

glassy material, sinoe high~lime slags tend to orystallize
8ven with very rapid cooling,

The conient of other slag components alasc affects the

potential hydraulio prorsrties of a slag granulated under the

usual oondition ang various formulae have

been proposed, 6,g,
(contents in weight %) e

Ca0 + 3Mg0 + CaS + A1203

8102 + MnO

the produot is very good when F ie over 1.9, good when it is
between 1.5 and 1.9, and moderate for lower valueg,®

It is easy enough to test the potential hydraulic properties

of & given sample of granulated slag, “ut sinoce these properties

also depend on granulating oonditions aad, to some ext

the history of the slag in the liquid state, the resul
not be applied unoritioally,

ent, on

t8 must
®+8+ in deciding whether a slag of
some assumed composition from some pPlanned furnace operation

wcild make a good oement, Some indiocation of quality is also

given by measurement of the proportion of glassy material in
the granulated slag, e.g.

by observing the coclours emitted in
ultra-violet light,#»

* PF.KEILs 'Blast-furnace slags' (Hochofen Schlacke) 1963,
Verlag Stahleisen, Dusseldors, P.95.

*% W.XRAMER: Chemistry of Cements National Bureay of Standards
Monograph 43, Vol.II, 1962, p.966

R R e
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There are also oertain other limitations on composition

imposed by the need for the cement made to remain stable virtually
indefinitely, the main one being that the magnesia content of
the slag should not exceed wbout 175, This liwit is intended
to ensure the absence of periclass, wnich can undergs delayed
hydration with a 10-% inoreass in volumo, <Thore is evidence

thai higher magnesia contents may be satiefuctory,®

Composition and glass content are less important when
the grarnlated slag is being used in applications such as tho
filling of marshy ground, where all that is ioeded is that a
reas nable proportion of the particles should becous cemented
to each other 3in the course of time, or in soil conditioning,
where it is only the solution into the ncil of the granulated—

slag components that is needed,

Granulating processes are very sinilar to foauing, but
are designed to produce more drastio cooling, generally with the
8id of a laryper amount of water per unit weight of slag than is
used in fL.uwing.

Uranulating processes cun, ugain, be olassified into
'mechanical' where the process is assisted by wmoving mschunisms
(euch as paddle-wheels), and non-mechanioal where cnly rlows of
fluide are used, But it is also useful to ciausify them in
terms of the moisture content of the granulated slag, since
this affeots subsequent transport ana processing coots, into
‘wet', 'semi—dry' and 'dry’.

In 'weot' processes the granuiated slag is in effeot
simply poured into a large excess of water from which it is
removed by grab when virtually ocomplevely cool, Moisture
oontents in the granulated slag are then of the order of 25%

* N.STUTTERHEIM: Chemistry of Cementt National Burvau of
Standards Monograph 43, Vol II, 1962,
P 1035"1041
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In 'semi-dry!' methods, running water and/or highw=
pressure water jets or sprays are used, and the product nay
be subjeocted to partial drying in the course of the process,
The moisture ocontent of the final sranul<«ted 8lugs 18 of the
order of 10r%,

*Dry' methods, of whioh the Kinney/Osborne procoess
is an example, give an almosot dry mwtsrial, which ray c¢ften
be slightly foamed and ig olaimed to sive supericr cenunts,

As in foaming, the brocenses can be iocated at the
blast furnace or centrally, Since « iower molten=-slag in
temperature tends to make it more difficult to obtain
granulated slayg in the glassy state, the begt product is
cbtained at the furnace; h wever, this takes up valuable
8pace and creates air pollut. .n problews, To svercome
this and at the same time malke some usa of the gensible
heat of the slag for space-heating:, a totaliy—enclosed and
compaot granulating installation haa been developed, This
has air-1ift movement of the granulate into a raised
separating hoppor/drier for use «t the turnace,* It
remaines to be seen whether it proves econ mically viable
(corrosion by the wet sulphur—cnntaining ©4388 and by the
polluted water is likely to increase coots), In anciher
enclosed installation, the sulphur is waghed out >f the
gases by e,g, caustic soda, wnd there ig provision for
generating ateanm at theexpunse of tho sonsible heat of the

slag before 1t ig granulated,*® Some schemes fop utilizing

the sensible heat of slags have recently bheen Toviewad, ***

*  V.AUSPENSKII and M.A SHARAKOV 'Metallurgical slags and
their use in building! (Metallurgicheskie shlaki i primenenie
ikh v stroitel-'stve), 1962, 336-340, Cos.izd,lit, po stroit,,
arkh, i stroi.mat, Moscow,

*#* A,Ya,BOLOTIN, L,Yu, ERIKHENMZ0N, N.K.LEONIDOV and A.V,MARKOV
Stal in English, 1964, (2), 9698

###% V.D.PASHKOV) Stal in English, 1964, (8), 664-666
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For the potential hydraulio properties of granulated
slag to be realiged, i.e, for it to make a good cement,
granulated slag must be ground to a fine pewder, and an
activator mist be present when the powder is wettad for use,
The activator must be thoroughly mixed with the granulated-
slag powder and can be a strongly vasic muterial such as
lime or Portland ocement. Sinoe air-cvoled or foaumed blagt—
furnace slag is basioc, their aggregates wrse probably
especially advantageous in slug cements. Alternatively, for
granuiated slags whose alumina content is not too low,
sulphates such as calcium sulphate can be the activator,
Autoolaving is sometimes adopted with limo—actiiviwted
slag cements e.g. in the manufacture of slag bricks, but
corrosion v the sulphur—contaminated steai can then be
& probliem,

The amount of activator needed as such is suxll;
larger amounts are used when the activator also oountributes
something to the properties of the final cement., An erxrample
of this is super—sulphated cement, conteining at le«st 75%
of granulated slag, calcium sulphate and up to 5% of a basie
component, The calcium sulphate contrivutes to the pood
resistance of such cements to the action of mildiy acid
solutions, sea~water and, espeocially, solutions containing
sulphate ions.*

Much granulated blast-furnace slag is usod 4o 'Portland
blast-furnace cement', made by grinding the granulated slag
with cement clinker, or by mixing the separately- round
materials., The proportioun of slag can be high, e.g. up to
65% by weignt according to the Britisn Standa ,** provided
the magnesia content of the mixture does nut exceed ahout
7% and the sulphurio anhydride and sulphide contents do not
exceed about 3 and 1,5% respectively, It ap,ears that higher

magnesia contents can be tolerated and the granulated slag

* J.H.P. VAN AARDT:1 'Chemistry of Cement' National Bureau
of Standards Monograph 43, Vol II, 1962, p.A3i7

#% BRITISH STANDARD 1461 1958, British Standards Institution,
London
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and the other components are advantageously ground separately,
8o that the optimum size of each can be obtained,®

Slag cements in general have low heats of hydration,
whioh makem then eminently suitable for large masses, such as
dams, The faot that thsy are made by ths blending of at
least two components and that the compcnents can be ground
separately makes it possible to modify the properties of

slag cementsn considerably, e.g. their setting time,

2.4 Slag Wool

In most countries only a fraction of a percent of
the total output of blast-furnace slag is used for slag
wool produotion, This is not because ala; wool is not
competitive, but because the tonnage demand for mineral wool
in general is low, However, the potential is considerable*#
and the manufacture if slag wool and products based on it
oan be profitablo and should not be neglected in the planning
of a steel industry,

The slag for wool produotion mast not be very basic,
a Ca.O/eiO2 ratio of 1,2 being about the maximum, However,
the relatively high value of 8lag wool makes modification of

composition feasible,

Slag wool is produced from molten slag, usually
obtained by rouelting lump slag in cupcla-type furnacoes, This
operation is exponsive in manpower and fuel, requring about
one part of met.’ lurigeal coke for thres parts of slag,
Remelting can, however, be carried out without ooke in
reverberatury or eleotric-ars furnaces, wlick have the further
advantage of being able to melt slag ahot; this ocan be
important, sinoe the conversion of molten slag to slag wool
by most processes produces slag shot as anunwan;@ﬁby~product,

often in large amounts, and if the slag has borne a significant

* F.STUTTERHBIM: J.An,Conorete Inst., 1960, 31, No,10, 102745

#® For conditions in the U,K, the approximate amount of mineral
vool for the insulation of one house is about half a ton,
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traneport cost the inability to use it fully ocould represent
a serious loss,
A more rational solution tc slag-wool production is
to use slag that has remained molten, and « suitable inutallation
has taen described.* This is based on direot oil-firings, with
& very simple furnace having an upper opening to receive
molten sluag from the ladle and & lower opening for the discharge
of the slag to the wool-making machine,
In this furnace the heat needed is, for ths most part,
merely that for keeping the slag temperature at the richt
level and, poesibly, for melting the minor additions soretinus
made, The capital cost of such an installation has beon given

ag about 1/71;}1 of that based on a cupola, and manpowsr as 11”5th.

The molten slag, however produced, is transfurmed into
fine fibres by a process that can be of one of the following
broad types’

a) Pure jet, The slag stream, or each strean
produced by its subdivision, is acted upon by jets of steam
or air, which blow the slag into fibres while 1t is still
in the viscous state and cocl the fivres formed oo that they
do not weld together on contact,

Recent developments of this type of process subdivide
the slag to a high degree by passing it through fine orifices
before it is acted upon by the jets,

b) Combined, The stream is first formed by a rapidly
rotating wheel into a ring of molten slag, which is then blown
by steam or air jets; the preliminary forming makss .he blowing
more effective,

o) Mechanical, The molten slag is puiis: into fibres
by the aotion of rotors of various types, without the action of
Jets; some compressed air is still needed, but only tc remove
the fibres already formed,

* L.V.BRODETSKII:+ Metallurg, 1957, (12), 36.
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Pure-jet processes (but not the fine-orifice variants)
are mechanically simple but tend to have a low productivity
and to give a high proportion of shot in the product, Since
shot cannot be remelts:! in « oupola, it is better not to use
such furnaces with pure-jet processes, The orifice davelopments
of pure-jat processes are olaimed to give low shot contents,
but against this, one must remewber that orificve wear ins iikely
to be a problem,

The other methods {and one of the finw-—orifice variants)
have the usual diswdvintages of wmoving parts under hot and
dusty service conditions, but have relative}y high productivities
with good product quality, although the single-~rotor mechanical

prooess tends to give thi .k fibres,

For good slag wool the fibres must be fine ( a few
microns thick), long (70mm wouid suit most applications) and
interlaced, and must have encugh strength to resist stresses
during further processing and the service conditions of the
final product, The bulk deneity for the main applications,
1.8, thermal wnd sound insulation, ghould be about 110 kﬁ/mB.
The wool can bes used loose, or formed into products, such as
insulating blankets with tho wool bonded zechanioally by

stitehing, or acoustio tiles, in which & chemical boni is uced,

Where chemically bonded products that require hoat for
ouring are being made {which would be the case for the widely
used resin bonding), the availability of waste heat irom the
wool-making process would make it better to aite the two
operatiocns close together, which would at the same tims avoid
the diffioulties of transporiing a material as bulky as unformed
slag wool,

At present, slag-wool manufacture tends to be a snall-
scale operation, with outputs per installation of a Tew tonnes
per hour, This makes it difficult to achieve low production
costs or to Justify the provision of the high degree of

process control needed for achisving a oonsistently high qQuality
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of produot, The situation is no doubt partly due to market
factora, but the possibilities for large-scaie, integrated
manufacture of slag wool and itse products saould not be

neglected,

2.5 Shaped artioles of blast-furnace siag.

In the procesning methods so far coisidered, tho blaste
furnace slag is broken down into sranular, powder or fibrous
materiale that are either used as looas agyregate or ara
recombined with the aid of soma binding material, ouch as cement,
or form a cement themselves, However, provided thoy are sound,

blast-furnaoce slags can be shaped (mainly by canting) directly

]
]
]

into component® such as kerbstones, pipe-lining plates or large
blocks, S5c far this has been a ruvlatively small-scale outlet

for slag - of the order of tens of tonnes per day per plunt,

One of the difficulties is the expenne of the long
annealing tinme that is normally needed to avoid the cracking
of even small cast-slag parts, another is the low productivity
of mlag-casting installationsa. For example, on an instwllation
whers 3C tonnes per day of blucks 200 x 100 x 100 n=., 1n oize
and about 6 kg in mass were cast into an array of 100 cast-iron
moulds arranged around the periphery of a slowly=turning
hcrizohtal wheel, aboit a two-tiours' annouaiing tolliowed by
slow cooling was neeced, and the blocks were loaded into the
Dutch ovens and unloaded by hand. However, experimonts® with
roli=type forming machines give ; umise of wuch hignor

productivities and lowser labour requirements,

The tencency of blast-furnace sia; castings to form cracks
during cooling increases with increasing size o! casting, and
probably also depends on the casting temperature, uinoralogical

composition, crystal size uniformity, content of urcryostallized

* V.I.DOVCCPOLs 'Eoconomics of the utilization of metwliurgioal
slaga', 1964, 'Metallurgiya', Moscow, p.55. Transiation No.4584,
1966, British Iron and Steel Industry Translation Service, London,
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material and porosity and the attainment of conditions t» give
the right oombination of these factors should enable improvements
to be made, It has, furthermore, been reported* that if a
granular filler is placed in the mould before the molten slag

is admitted, mich greater cooling rates can be achievnd, the
castings boing removed from the mould &t & temperaturs of about
90000 and allowed to cool in the air, Hareover, any cracks

that form during 8urly cooling are apparently confined to

the surface and heai UP.

Probably the most advanced development of slag casting
is to inocorporate stesl reinforcements**, This would make
oracking less of a danger, but, in addition, the greater
contraction of the steel during cooling produces & certain
degres of &dvantageous pre—atreansing of the component, and
stesl-reinforced castings of blust-furnace slag could probably
be used for important duties such as foundation blockgy.

This would represent a considerable extension of slag~processing
cpporiunities for steelworks, A difficulty is that the high
teperature to which the staesel is raised by tnhe molten slag
causes some deterioration in the mechanical properties of the

steel, and furtusr research is clearly needed,

With their good compressive strength and resistance to
aggrouive waters, cast-slag products are suitable for use ag
tunnel and mine-shaft linings, and bhocause of their hi;h wear
resistence they muke good linings for burkers, chuteg and
pipes handling atrasive materials such as coke or sinter, 4an
important dlsadvantage of cast-slag products in all these
applications is that the castings have to be relatively thick
and this means that the lining takes up a significant part of

the cross-sectional arva,

® G.F.TOBOL'SKIKH 4 'Motallurgical 8lags and ther use in building?
(Metallurgichoskie shlaki i primenenie ikh v stroitel'stv),1962
Cos.1izd.11t, po stroit,, arkh. i stroi, mat., Moscow, pp 363~368

®# N.AKARTASHOV, "Wotallurgical 8lags and their use in building!

{Hﬁtallurgicheakie «blaki i primencnie ixh v atroitel'stve),1962
Ces,izd. 11t ,po stroit,, arkh 4 stroi, mate, MNoscow, pp,357-363
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2.6 Shaped articles of blast-furnace slags of substantially
modified oomposition,

Mainly because of the shortnoss of the temperature range
in which they romain liquid, blast-furnace slags of tho normal
ocmposition have poor oasting propertien, Tuis shortnoss is
dus mainly to their relatively high 1lime content, and caoting
properties can be greatly improved by increasing the silioca
content. This, espeoially when combined with other ohanges in
composition, can st the same time give a better orystal structure

with improved properties of the casting.

In one installation designed for the casting of blast-
furnace slags of modified composition,® molten slag from the
blast-furnace ladle is charged via a tundieh into a4 regenorative
rotary furnace, where 25 parts of silica sand and about 40 parte
of olay are added to every 100 of slag, There is also some
enrichment of the melt with magnesia and chromium oxide from
the refractories, The melt is cast into sand or metal mouldas;
the castings orystallize and are annealed and slowly cooled,

The properties of the castings are considerubly better
than of those from ordinary blast-furnaoe slags, but the
addition of 65 parts of oold material to the slag and its

asgsimilation is expensive,

In another approaoh, which needs considerably less
addition of cold materials, the blast-furnace slag is in effeot
transformed into articles of what may be congidered a crude
form of glass-ceramio,

For this, the slag composition is cuanged in two main ways,
One, designed to ensure that the melt forms a stable glase un
cooling, consiets in the addition of about 30 parts of silica
to every 100 of slag.

* "Produotion and use of elag castings' (Proizvodstvo i primenenie
shlakovogo lit'ya), 1963, Goskomitet po chernci i tavetnoi
metallurgii pri Gosplane SSSR, Upravlenie gornodobyvayushchei
Promyshlennosti,
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The other, designed to cause evenly-distributed
nuceli to develop in the slag glass when it is hoat troated
after solidification, is achioved by the addition to the melt
of a few percent of nucleating acent, which rmay consiat of
one (or a ccabination of soveral) of a fairly wide range of
materials, inoluding fluoriles and transition-motal oxides,
Other changes in the compraition of the melt are gomotimes
made, 8.8, of soda to improve the shaping proporties 5f the
slag glassj such additions may be important tochnologioally
but do not affect the principle of the meihod,

Though 1t is pPossible, and may bs more convenient,

-

to base the process on the romelting of amolid slag, it ig
more rational to uase slag that in alrealy wolten, This
Baves not only fuel but aln. capital couts for the firmt
stage of the Process, the production of a melt of the
required composition, This stago, which can be carried out
in any oonvenient furnace, produces a ¢lass that in the next
stage is shapad, e,g, by casting, pressing «r rolling,
modified to taxae account of the steep temporature depenienca
of the viscosity of suoch classes. In the third stace, the
shaped prodinct i1g heat treatad, firgt by being hold at about
ite annnalin. temperature to allew the nucleli to devel.p, and
then at a higher tomporature to alloy erystals to grow on
the nuclei, The heat treatment gives a material or relatively
fine and unifornm crystal size with a amali amount of rusidual
glass, Changoa in Tocess conditions can £71ve a rance of
oolours, and enanolling is ales poasibie and caeap,

The material is Temarkable for itg very high resistance
Yo wear, and this, coupled with the faot that it can bo obtained
thin, makes 1t ap excellent liner for bunkera, chutes, pipes
etc, handling abrasive matorial,

It ie also hard and strong (thougﬂ rather brittle) and
has good reistance ts alkaline modia, sea water apd pelluted
atmospheres, Thege properties, together with the attractive

&ppearance it oan have, make it a Promising building naterial
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and a potentially outstandingly profitable by-product of the
steel industry., Work in this direction has been reported in
the USSR ('slag sitalls®)*, Poland**, Hurgary***, and the
UK ('slagceram!)#ws#,

In the UK, commercial production of wear-resistant
arti>les has started, Ths status in other countries is not
known, but a series of products including corrugated sheat,
foamed and unfoamed panels, and composits panels of foamed
and unfoamed material, pipes and insulators, have been
listed in a Russian publication, *###»

Without heat treatment or without the nucleating
agent a dark, opaque glass is obtained from the silica-
enriohed melt, Although this might have soms decorative
value, itc properties are greatly inferior to those of
the glass-ceramio type material,

A I.I.KITAIGORODSKII: 2h,Vses.Khim. Obshchestva im D.I.
Mondeleeva, 1963, 8, (2) 192-7.

" B.ZIEMBA and E. CHLOPICKA:1 Szklo i Ceramika, 1965, 16, 69=T1

W#%*  5.KLEMANTASKI and B.KERRISON: Chemis.-~v and Industry, 19066,
Oct.15. 1745-1755

Encyclopaedia of modern techniques; constructional materials,
Vol,3 II, pp. 196-171, 1965 (Ed. A.T.Tumanov)
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2.7 Fused ocement olinker.

In the previous seotion, the composition of the blagt-
furnace slag was modified in the direction of a higher silica
content, If, on the contrary, additions are made to increase
the lime content with a simultaneous inorease in iron cxide,

& melt whose composition is similar to that of Portlard
oement can be obtained, Bacause of the high tempuratures
needed, this is & difficult operation but at least two methods

have been reported,

In one, originally developed by Wennerstrom* tue
addaitiona to the slag are introduced in an ar¢c furnace., Consideradble
improvements have recently been made, notably the use of lime
rather than limestone and a magnesite instead of & graphite
lining.** 1In the other methoa, developed by V.V,Serov, a
Yconverter' supplied with liquid fuel and pre-heated DXYgonw
enriched air is used.**, ***,  The lings-rich melt tapped

from the converter is granulated, which yives a betisr cement

than obtainable with relatively slow cooling., The eccnomic
advantages for oonditions in the USS of this process, which
has been tried on an industrial —experimental scale and could
yield by-product steam for electricity generation have beon
disputed,#uss,

Since the melt can presumably be granulataed to give
at least some glass, the cement made from it DAy woll bave

properties superior to those of ordinary clinker-based cement,

2,8 Handling and transport of blast—furnace slaga

The handlirg of slags and elag prosucts forms an
igportant item in their provessing costs and add significantly

to the oapital costs of « wsieel industry, Improvoments in

hod K.G.WENNERSTROMy Tek., Tidskrift, 19520, Almanna Als.ingen,
N24, (224)

#%  T,I.KHOLIN and S.M.ROYAK: 'Chemistry of C
Bureau of Standards, lionograph 43, Vol I

cment', XNational
I, 1362, p.1063-1065
uus  V,F.KRYLOV and V.K.POMYAN: Tsement, 1960, No.2, 1-7

Rune A JUDIMOVs Bxonomioheskaya Gazetay 1963, No.3 (76 Jan,19,41=42
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handling methods to reduce costs and capital costs mus: therefore
be considered an integral part of the slag processin, methods.
These aspects have been recently reviewed* and will unly be

briefly touched on here,

Where slag ladles are used, the racently developed
Yswinging spout' method whioh enables a single blasi-furnace
runner to deal with as many ladles as necesvary iu worth
noting®**, OSo far, the principal method of transporting: iadles
has been by rall, The cheapest form of ladle is itipped by a
rope pulled by the loocomotive while the ladle whaole are lockad,
In the other common form the ladle im tipped by compranged A1,
Rail transport is relatively infloxible, but syuvciaily desisned
road vehiolee with tipping arrangemente Luve bhecone wvaliablanee,
which, being suitable in addition for the tranuvpert oF olten
metal wind other hot materials, would lhave considerable advantae
ap regards the internal transport arrangensnts of tno ateelworks
&8 & whole,

Whether slag ladles are used or not, the sclidified
slag must be reclaimed., Fachines for ripping and duzin®*** gre
available for air-~cooled slags powerful encuprh to enubio drilling
and biasting to be avoided even on very old, . ~uly cornacted slag
banks, Llarge hard lumps from banks are jencrally Lrowen by a
steel ball, For loading the reclaimed air-cocled slu, whaeel
loaders are inoreasingly taking the place of excavaturs, which
have the disadvantage of slow movemont bLetween sitew, For
furnace pits it would be advantagwous t¢ have rencte-contioiled
equipment capable of working at high temperaturs:, an the
faster reclamation would enable gt areas to be reiuced for a

given slag output rate,

» Sixieme Congres du Groupe de Travai. Internaticnal ces 'Transports
Interieurs et Manutentions', 14(3, Paris, vol 11T, nee
especially the paper by i, Wiikainaun

##* YV, I.KRIVENKO, G.B.RABINOVICH, V.D.SERGIENKO and D.A.STOROZIIKS
stal in Bnglish, 1964, {10), 772

#n#  Bteel Times, 1966, Novembor 18, o6H-470

#%n# Steel Times, 1965, October 1, 436 - 437
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Where close control of the slag pouring rate is needed,
ladles with tapholes may be preferable, However, they involve
more manpower, and therefore systems Tor the =uiomatic tipping
of ladles to uive constant slag flows have been devised in
recent years,*

The finely~divided products from foaming and
granulation can be piped considerable distances with water to
dewatering stockpiles well ocutside the plant area, Tae
disadvantages of this form of transport is tnat the increased
moisture of the material may be difficult Lo re.sove (this is
especially true of the porous foamed material), and the
relatively high wear of the pipes owing toc the very abrasive

nature of slag pulps, whioh would make a lining desirable,

3 STEFLMAKING SLAGS
3.0 Introduction

The situation with steelmaking slags is much mors
complicated than with blast~furnace slagst there are many
different steelmaking process9ss, and each can, in ths course
of normal operation, produca slags of very different compositions,
For example, the slag leaving & basic operi-=hearth furnace at
one stage contains 1477 Ca0 and 265 0103, and at anothar 46% Cad
and 18% 8102. Howerer, in terms of the walghted msan
composition, the preat majority of Sueelmaking siaps have
030/5102 ratios of about 2 and over, and 1t 1s with thom that
the present report is mainly soncernes, hey usually contain
metallio iron and oxides of iron and other metals, Their
phosphorus oontent ocovers a very wide range (about 1 - 25% P 0 )
the trend being to _ower values, and their sulphur content is
usually a few tenths of a percent or less, In addition, fluorides

are sometlimes added to increase fluidity,

® Tu.,A, LUKOVSKII, L,Ya, ERIKEEMZON, Ya, P.GINDIS and P N AKINING
Stal in Engliah, 1961, (1), 476 - 478
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The following sections oonsider the handling of
steelmaking slags, and their processing to a) recover motallic
iron, b) make use of their ohemioal properties by returning
them to the metallurgical cyole and, o) render tnos suitable
for external disposal,

It will be seen that the processing of steelmaking
slags is muoh less varied than that of blast fuuiaoce glags,
being largely oonfined to the solid state and made up of
8ize reduotion, screening and magnetio peparation. fThere
are no significant counterparts to the liquid-state processes
that blast-furnace slags, with their higher 5102 content are

amenable to,

3.1 Handling of steelmaking slags
Virtually all steelmaking slags are air-ocooled, and
their handling is rather similar to that of air-oooled blaste

furnaoe slags,*

Some steelmaking slag is run into Pits either from
the furnace itself or as overflow from the steel-pouring ladle,
The excavation of these Pits often has to be dons quickly becauge
of high production rates and lack of space, and under difficult
oonditions (congestion, heat, steam and fumes from water Bpruyo)

and 1is preferably helped by powerful remcte~controllad equipment, *#

Where slag ladles are used, lack of headroom sonetimes
makes it necessary to remove them from their rail carriages for
filling and then replace them. This involves extra handling
oco2ts but gives some additional flexibility to traffic near
the furnaces,

The ladle ocarriages may be drawn as & train by locomotives,
or they may be self-propelled, the latter being increasingly favoured,

*  Sixieme Congres du Groupe de Travail International des 'Transports
Interieurs et Manutentions', 1963, Paris, vol. III1 see especially
the paper by M,Wilkinson,

#®  'Making, Shaping end Treating of Steel', 1964, Bighth Edition,
United States Steel, 488, 490 :
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The disposal area ie usually a pit, but when slag solidifies
in the ladle the mass is tipped out on to & bank.

3.2 Iron recovery

The § - 1(fe of metaliio iron tuey contain is usually
the most valuable compunent of stesimacing glage, and its
recovery is the main aim of their processing, 1t is achiseved

espentially by size reduciion and magnetio separation.

The iron-recovery procedure can vary, but the fullowing
is @& ocommon form.

The molten slag is tipped from the ladles into one
of at least twe pits, one of whica is being filled while the
other is excavated, Before sicavation starts, the solidified
slag is sprayed with water, which cools the maos and breakse
it up to some extent,

A mobile crane then repeatedly drops a very heavy
iron ball on to the slag, and periodicaily moves & wagnet
over the broken slag to extract lumps of metal, and the
remaining material ie then excavated, Any solid slag from
the steelmaking plant is now added, Tus large lumps are
soreened out and the finer material 1is passed tarougn nagnetic
peparators. The magnetio fractiun from the separators and
the large lumps from the ucreen aro then charged into wne
end of & long perforated rotating barrel, The tumbiing aoction
frees the large pieces of iron from adnoring slag and they
leave the discharge end sufficiently clean to be returned
direct to the steelmaking plant. The rest of tue material falls
through the perforations and is taken for furiner magnotio

processing.

An alternative iron-recovery procedure reported®* is based

on the disintegration of the steelmaking slag not by mechanical

-

# V,1.DOVGOPOLs ‘'Economics of Utilization and letallurgical

Blags. Steelmaking slags'. 1966 British Iron and Steel Indusiry
Translation Service, No,4584
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aotion but through the unsoundness to which MOSY basic alag
compositions incling them, In this Procedure, a gy percent
of finely divideqd dicalcium 8ilicate (e.g. in the forg or Blag
that has already undergona the treatrent) iq added 1o the molten
slag flowing into the ladle, The added material Providey
nuclei for the erystallination of dicalein silicare in the
slag, moat of whioh then dieintegrate, during tho twtiar
stages of cooling to give @ product Pl Tor pwimetio
Separation ang 8creening; ocovery of motallio iron is high
and thse non-metallic products ale ready for several FRETCREN

This Procedure ig not Buitablie for dlags of hiigh
phosphorus content, or for slags of busicitiog ,r loss than 2,
For such, addition of limestone into the wlag ladle v induce

disintegration, but the prodiot needs sono WoChaniow Crushing,

3.3 Return of steelmaking 8lags to the mwotallurcical Process.

o
Steelmaking 8lags from which the metallic irop han
been extracted 8till contain valuable O0umponents which can be
reoovered or pmade use of if the slags are returned to the

ironmaking operation,

In the blast furnace tre relatively bigh lime contsept of
8teelmaking siags can pe used (possibly at the cost of some
addi‘tional coke) to flux the ucid components of the Sangue
and coke ash, The iron and manganese brosent 4s oxidey ip
the steelmak ing slag are iargely recoverad in the pis iron,

This is advantageous, but the effect with puosphurug, whiich ig
also recovered in the Pig iron, is not B0 clear-cut, It 1B
advantageoua, for example, if bigh~phosphoryg fouridry irong

are required, or if, as mighi somotines be tig S45a, tho tmarket
for high—phosphorus steelmaling Blaw is sufficient o Justify
the expense of this Teciroulation methoq of conoontration to
produce P205 enriched batches, Otherwiae, phosphorus in the
blast-furnace burden ig a disadvantage, and this, or tae Presenca

of other undesirable oomponents, may prevent the re~use of

steelmaking slags,
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When steelmaking slags are in a very finel, dJivided
state it may be possible to use a highly-selective magnetic
peparation to divide the slag into a magnetio fraction richer
in lime and iron oxide and & non-muagnetic fraction richer in
phoaphorus and silica., The pmagnetic fraction maxes a Letter
input material to the ironuaking operation, but mast pe
pintered; tho non-magnetic frac*ion makes @n improved basio

8lag phoophatio fertilizer®,
3.4 Processing of steelmaking slags for other uses

Moat steolmaking slags can, with simple processing
after iron recovery, be made suitable for uge in agriculture,
and in civil engineering as aggregate (if free from lime

unsoundness) and as a cement,

There are two exirenas of the agricultural uses of
steelmaking slags. In one they act as phosphatic fertilizers.
This requires & relatively high total phosphorus content (lower
limits of as high as 16% P205 are set in some countries) most
of which must be soluble in 25 citric acid solution, and a
finely-divided state. The ne=d for high phosphorus content
restricts such use to slags from ths refining of hign-
phoephorus piyg iron. The magnetic-coneentration procedure
desoribed in 3.3.2 can widen the range to lower P205 cuntents
and since & fine state divisicn is nevied in any case, may
well prove economical, Tne solubility requirement restricts
fertilizer use further to slag relatively free from fluoride.
Fine grinding ie the principal processing needod for this use
of slag, but for greater convenience in handling some re=-
agglomeration of the fine particles without impairment of
their reaotivity is desirable, and addition of other materials

to improve their agricultural value is also possible,

#* (0,G.BROWN snd K.F.J,THATCHERs The Fertilizer Sosiety, London,
1967, Proceedings No, 96
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The other extireme of agricultural uge is for aoil
oonditioning, ®«8s 23 & liming agent, The finer slag materials
from the iron-reoovary operation can tLe used without further
pProcessing, It is one of the advantases or most vteoliniking
slags that they function aga both fertilisery and suil conditionerae,

The trace-glement oontent of slags can be Valuable ip acricul ture,

The stabilizing effect of the phosphorus content of many
steelmaking 8lags makes the coarser fractions troy tho irop=-
Teoovery operation suitable for uge ag HggTegato ote, avep
though their Compositions lie in the 'lime unsoundnosy? range,

Most steelmaking slags if finely ground ke uteful
low-grade cements, The fine material from the dicalciume
8iliocate method (3.2.2) is ready for use in thig way,

4. GENERAL CONCLUSIONS

The main conclusions to be drawn fron a survey of present
slaghprooeaeing practice at iron and steel plants and recent
developments inthis field are as follows :

1) Many methods for Processing metallurigical slags
&t iron and steel plants are available,

2) A alag-prooeseing method can usually be nolocted
to suit a pParticular 8lag and Particular market gituation,

3) Slag Processing can often be combined with the
convenient removal of slags from the immediate nelghibourhood
of metallurigical plant,

4) Through Processing, slags can be transtormed from

& waste material with significant handling and disposal ogsts
into profitabvle by=products such 481 aggregate for concrete,
coated or uncoated roadstone, filter medium, soil conditioner,
phosphatic fertilizer, mineral wool and mineral products,
light-weight &ggregate and products based on it (6.g. light-
welght conorete masonry blocks), cements, cast blocks for
fbundations, wear-resisting plates,

5) Some 8lag products are relatively oheap, others
command prices that are @ significant fraction of the prioce
of the oorresponding metal,
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6) Recent developments are increasing the soope for
slag processing into higher-value products,

7) Some slags ocontain appreciable quantities of
metallio iron whose extraotion is a profitable form of alag
prooessing that at the same time forms part of the general
scheme for the iron-free slag,

8) Under certain oonditions slags have useful
metallurgioal properties and ocan be returnad to the main
process,

9) Special processes can be used to extract valuable
non-metallio comporents from slags.

10) Slag processing should be included in the planning
of & steel works, and the possible savings in foreign exchange
and capital from the use of slag-based produots in the national
soonomy should be kept in mind at the national planning level,









