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Processing of metallurgical slags at _iron and steel plants‘/

by

S. Klemantaski,
United Kingdom

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 slags can, with proper processing and sales policies,
become a significant economic advantage. This report considers the main pro-
cessing 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, 1t can be taken that steelmaking slags have a considerably higher

CaO/SiO2 ratio and P205 content than blast-furnace slags.

A. Blast-fitrnace slags

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

ing being of'ten advantageously made part of the over-all slag processing operation.

* This is o summary of the paper issued under the same title as ID/WG.14/7
l/The views and opinions expressed in this paper are those of the author and do

not necessarily reflect the views of the secretariat of UNIDO. The document is A
1s presented as submitted by the author, without re-editing. g
4. 68 1872
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Most applications of air-cooled slag require mechanical strength. This is
assessed from the bulk density, which should be above a certain minimum (e.g.
1250 kg/m3 in the UK standard specification). It is also necessary that the slag
should not lose mechanical strength in service (i.e. that the material is not
'unsound'), and this requirement may not be satisfied by slags whose composition
(weight %) is such that Ca0 + 0.8 Mg0 > 1.2 5i0, + 0.4 A1,0, + 1.75 S; that the

total sulphur and acid-soluble sulphate (expressed as SO,) exceed 2.0 and 0.7 wt %

3)
respectively; and that the slag cannot survive prolonged water-immersion.
Slags that fail to satisfy strength regquirements can find applications by

virtue of their chemical composition e.g. as a soil conditioner.

A light-weight, porous material ('expanded slag') can be made by treating
the molten slag with a moderate amount of water, or air/water/steam mixtures,
sometimes in combination with mechanical action, With a bulk density of 640~
1200 kg/m3 for the fine fraction and 480-880 for the coarse it makes (provided it
is not 'unsound') an excellent light-weight aggregate for concrete. Alternatively,

under certain processing conditions it can become a good cement.

When treated with a relatively large amount of water (sometimes in combina-
tion with mechanical action) molten 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 the composition (weight %) satisfies the
formula:

Ca0 + 3 Mg0 + CaS + A12O3

> 1.5
SiO2 + MnO
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 te formed directly into useful articles, e.g. kerbstones, by

casting. For larger castings a granular filler or steel reinforcements can be

incorporated. Better properties can be obtained if the composition of the slag
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is substantially altered, mainly by addition of silica, in a simple furnace. 1If
a nucleating agent is added at the same time, and the shaped article ic heat
treated, a form of glass-ceramic of superior properties can be obtained., All
these materials are remarkable for their wear resistance, and the glass-ceramic

type has many other useful properties.

If the composition oi the slag is altered by addition of lime (or lime-—
stone) and iron oxide in a special furnace, the melt on cooling gives a clinker

of the Portland-cement iype.

The handling of slags and slag products forms an important item in their
processing costs and adds significairtly to the capital costs of a cteel industry.
Handling methods must be considered an integral part of slag-processing methods.
The slags leaving the blast-furnace can be run directly into pits at the furnace
or taken away by ladle. In the latter case, the ladles are usually tipped into a

pit, but sometimes the slag is allcowed to solidify in the ladle.

B. Steelmaking slags

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

rather similar to that of air-cooled blast-furnace slags.

The 5-107 of metallic iron they contain is usually the most valuable com-
ponent of steelmaking slags, and its recovery is the main aim of their processing.

It is achieved essentially by size reduction and magnetic separation.

In the usual procedure, mechanical crushing and grinding is used, but an
alternative is available where the size is reduced through volume increases

accompanying deliberately-induced changes in crystalline.

Steelmaking slags from which the metallic iron has been cxtracted still
contain valuable components which can be recovered or made use of if the slags
are returned to the ironmaking operation. The slags then behave as a low-grade

phosphoric, highly basic, manganiferous iron ore.

Most steelmaking slags can, with little or no processing after iron
recovery, be made suitable for use in agriculture either as phosphatic fertilizer

(if their soluble P,O. content is high enough) or as a soil conditioner (e.g. as

5
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liming agent), A fraction richer in iron oxide and poorer in phosphorus can be

obtained from 5 Process for upgrading slags for Tertilizer,
Many crusheg Steelmaking slags are Suitable for uge as aggregate,

Conclusions
S usions

2) A slag—processing method can usually be selected to suit a particualar

3) Slag processing can often be combined with the convenient removal of slags

from the immediate neighbourhood of metallurgical plant.

4) Through Processing, slags -an be transformed from a waste material with
significant handling ang disposal costs into profitable by-products such as:
aggregate for concrete, coated or uncoated roadstone, filter medium, ©0il condj_
tioner, phosphatic fertilizer, mineral wool and mineral-wool products, light-
weight aggregate and products based on it (e.g. light—weight concrete masonry

blocks), cemenls, cast blocks for foundations, Wear-resisting plates,

5) Some slag products are relatively cheap, others command prices that are a

significant fraction of the price of the corresponding metal.

6) Recent deveiopments are increasing the scope for slag Processing into

higher-value products,

the geners] scheme for the iron-free slag.

8) Under certain conditions slags have useful metallurgical properties and
can be returned to the main process,

9) Special Processes can be uged to extract valuable non-metallic Componentg
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10) Slag processing should be included in “pe planning of a steel works,
and the possible savings ir foreign exchange and capital from the use of slag-

based products in the naticnal economy should be kept in mind at the national

planning level.
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1« GENERAL INTRODUCTION
"ith existine methods of making iron and ates) sach unit

of motal is inevitably accompanied by the produciion of & wonsiderable
amount of eiag. Changes in Prectice ars tending to roduco thie
relative ancunt, tut rises in metal predaction wili prevably ansure

a growing world 8lag output, though lecaanea may oocur Tocaily,

in most situationﬂ, Biuwry CoN, Wi PTOFAT procoasuing
and eales poliocien, bacowre & significant economio wlvantagay on tha
other Lamnd, “hey can be an EXPuliva Ve Baldnnio. At scaw Lvon Bl
steel workas #lag=proconsing and dioposal i3 tha responsitisity of
the workay at Bams, slag 14 s0id to wrtarda COmLANiuE an Koon am
it 1eavos the furnaco, at others, o works sells g Pt iy
Processed alag. Each arrangoment lue itg advantagns arg dig-
advantagee, and the 8l tuation nugt be analyzsd for eanh case [with
due regard to Possitle interrerence with the operation (f *he
metaliurgical plani) to decide which will give the groatuat
overall advantage.

The econwunics of alug Proceusing have been dlsiusead
recently for 1imited rarwaeg of conditiong* **_  T: . rapoegible
10 gensraiize, but thg following order-of-—magni Luda Figiron may
help to provide & frame of raference: (the 'price receind' 1g
expresssd an rercentage of thoa production coet of u toine of the

corresponding metal).

* V.I. DOVGOPOCL; 'Economics of utilization of motallurgical slags'
1964, 'Motallurgiya®, Mcscow; Tronelation
No. 4584, 1966 British Iron and 5teol Industry
Translation service, London.

#* Sixtense Congres du Groupoe de Travail International deg
'Transports Interisurs ot Manutentions', 1963, Paris, vol.III,
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How slag is disposed of Price received per tonne
of slag
30ld unprocessed o
So0ld as ungraded aggregate 2h
Sold as graded aggregate 4%
S0ld as graded and coated aggregate 10%
Sold as low-quality phosphatic
fertilizer 15%
So0ld as high quality cement 20%
Sold as high-quality phosphatio
fertilizer 30%
Sold after extensive prooessing
e.g. as wear-resisting material 100%
Dumped to waste well away from works -3% (loss)

One contrast between the economics of iron and steel manufac-
ture and of slag proceasing is that with slags the materials costs are
very low. The cost of the final product is therefore influenced to
8 muoh greater relative extent by conversion and transport oosts.
Another contrast is that slag products oftun have to compete with
naturally available, and cften well-distributed, natural materials,
that may merely need digging out of the ground. This means that in
such applications of slags, little margin is available for processing
and transport costs. The situation is different in appiications
vhere advantage is taken of the special properties of slags to give
a superior product, and in principle it it such applications that
should give the greatest overall benefit.

In the early days of slag utilization, the market was
restrioted not only by economics, but also by lack of confidence in
slag produots. This has now been largely overcome through the establish-
ment of standards of quality, elimination of incorrsct uses, and a
vigorous policy of research and publicity.

The present report deala with the processing of the miin
forms of slags blast-furnace and esieelmaking. Not all the poasibilities
have been covered, and, in particular, the special processing that

can be undertaken on slags from high-alloy steel and ferro-alloy

production to extract valuable components has not been dealt with.
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2 BLAST-FURNACE SLAGS
2.0 Introduotion
The amount of blagt-furnace slag produced per tonne of rig
iron varies very widely, from over a tonne to less than 1/4. With
the trend to the use of richer ores and partial replacement of coke
by low-ash fuels, the slagt iron ratio ig tendirg to fall year by year.
Most blast-furnace slags have CaO/SiO2 ratios in the range
1.0 - 1.2 The other two major components cre about 3 - 20% Mg0
and 30 - 4% A1203. The minor oomponents are sulphur (1 - %)
and oxides of iron and manganese (usually in the range 0.2 - %
each). The molten slags also contain some dissolved gases.
Slags leave the blast furnace at temperatures of the order of 1550°C.
The processing of blast-furnace slags is dealt with in the
following sections. It can be divided into two broad groupst in
one, the slags are allowed to 000l in air and then orushed to a
stone like materialj in the other they are subjected while still
molten to various combinations of meohanical action and/or the
effects of water, steam and air. In relatively recent developments,
pProcessing involves substantial changes in ocomposition and requires
heat.

2.1 Air-cooled s8lags

The main method for processing blast-furnace slags in
many oountries im to let it cool in the air, the resulting mags
being generally crushed and screened and used as an ageregate for
ooncrete, as roadstone, railway ballast and for other purposes.
For roadstone the material oan be coated with bitumen or tar, the
ocoating being often advantagecusly made part of the overall slag
processing operation.

Most appliocations of air-cocled slag require it to possess,
and retain indefinitely, a certain level of mechaniocal strength.
But even if the 8lag fails to come up to these requirementg, it
Ray under the right conditions 8till find application by virtue
of its ohemioal ocomposition, e.g. as a soil oconditiomner for its
lime, magnesia, silica, alumina, sulphur or trace-metal contents, or
a8 part of the batch in the mamufacture of Portland cement or glass.
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The meohanical strength of air—cooled slag is not measured
direotly, but is assumed to be suffioient if the material is
suffioiently free from porosity, which in turn is assumed to be the
case if the bulk density is suffioiently high, e.g. at least
1250 ke/n> for the conditions given in the British Standard*.

The porosity that air-cooled slags tend to develop is due
to the evolution of 8as during cooling to form bubbles that do not
float out of the slag before it solidifies. One source of
bubbles 1s gas dissolved in the slagj another is sulphur or
sulphur dioride produoed by oxidation of sulphide by oxygen
(originally atmospherio) oarried deep into the molten slag by
diffusion iron oxide.

The bulk density of asir-cooled slag is, for the usual
range of slag compgotions, largely governed by the cooling-process
oonditions. 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 high bulk
density additional treatment is sometimes needed. In guch
cases iwo prooedures have proved effeotives addition of iron
oxide to the molten slag with steam**. Both inevitably increase oosts.

Ocoasionally, owing to certain of their ohemical or
mineralogical features, slags are 'unsound', i.e. they lose
mechanical strength in service. Three main types of unsoundness
are reoognized, the best-substantiated being 'lime unsoundness'.

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

*® British Standard 1047s 1952, British Standards Institution, London.

% R, MUNGER, P. MORTIMER & C.N. JOYNT, Submiited for Publication
to the Journal of the Iron & Steel Institute.
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+ritish Standard* s flug 18 considered free from lime unsoundneng
if its composition (in weight percentagen) satisfied one or bot)
of the following formulase:

Cati + 0.8 Mg0  1.25iC_ + 0.441,0, + 1.5 ¢ (i)

2 273
Cab < 0.95i0, + C.6a1,0, + 1,758 (B)

2 )
There is mome evidajgce* that formula (A) is too cautious
for high-Mg0 alags, and, in any case, failure of a slag Lo satisfy
those formulas does not necessurily mean tnat it containg the
undesirahle netastable form of dicaloium eilicatn. A ©1oTr0s0UVpLCe
test 18 the only certain way of deteoting thia form oo dicalcium
8ilicate. But is is not cartain that even if dicalcium silicate
is positively detected tha alag is unsound. Fop axamule, if
there im vary little of the mineral, tre slag may be able to
accommodate the volume increasc, or lhe Chang= may be auppressed
togethser. Suppression can be effected by compounds of phosphorousg
or corrosion {not nemally significant compcenents of Llast-furnace
slag) and in certain circumstances a deliberate addition, e.g. of

apatite, may be economically justifiable.

Ths other two forme or unscundness are 'sulnshur' and 'iron’'.
The firet is avoided if the total sulphur does not axreed 2.0 and
the acid-solubje sulphate {expressod as 803) Oe7 wolght % in s
standard test***, Irop ungoundness is unlikely with #eC contentg
under 1.5% and is considered absent if the elag can tw immersed iu

water under standard conditions without showing eigrs of failure.

Unassimilated partlv-burned flux, wiich is only present in
8lags during disturbances in furnace operatiorn, cau caus» unsoundnogs
owing to volume changes assooiatod with 1ts hydration** ¢, Ty i,
therafore best to dump 8lags made during such poriods (which, with
improvementa in practice, are beooming very rare) or to divert then

to uses not requiring sound s8lag.

-

¥ British Standard 104711952, British Standards Institution, Londun
** A.T. PRINCE: J.Amer. Ceram. Boc., 1044, 31y 402.
##% British Standard 104711952, British Standarda Institution, London
###% E.N. BAUMAN: Journal of Metals, 1966, Jamary, p 94
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Air-cooling processes ocan be divided into two broad groupas
those that need ladles and those that do not.

In the ladle methods the slag from the blast-furnace is run
into ladles, which are then left standing long enough for sufficient
crust to form on the slag to prevent slopping during transport. In
the extreme form of the ladle method the ladles with ihe mainly liquid
slag are taken to sidings, left thore until the Blag is solid and then
taken to a track running along a bank, where the large lumps of
slag ('balls') are tipped out and broken before further prooessing.
Thie method usually gives the highest bulk density. However, it
is expensive because 1t requires a large ladle park and track
system.

In the more usual formm of the ladle method, the ladles are
taken as soon as the crust has formed, and tipped into some form of
pit. The pits (or, if it is large enough, different partes 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 highest 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 aleo used to stock slag from pite before it is further
prooessed.

The method now being increasingly used for air-cooled slags
does not need ladles at all, the slag runnere leading directly into
pits, which are filled and excavated in rotation. The excavated slag
is taken by lorry for further processing. The disadvantages of thie
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 cheapest, can handle large slag output rates and,
a8 regards the layout and transport syntem 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 pPit or bank ig in 4 crudely broken-

up form.

The subsequent processing depends on the use to which it ig
to be put, but the following is a typical modarn arrangemant that

gives considerable flexibility.

The slag is taken first (prefgrably after pre

removal of any large pieces of metal)

limingry

to a primary ¢rusher, whicl breaks

the slag down sufficiently for efficient removal of metallic iron on

the magnetic pulley that follows. The iron, whicn ig th

valuable comporent of blast-furnac

O most
8 8iag, 18 returnod to tha

iromaking operation. The 8lag, now fres from netallic ircen except

in the form of pieces 80 small that they would not be iikely to

interfore with further crushing, forms a stockpile. Slag from

the stockpile goes to a sscondary crusher, through a SCalping screen,

and thence to a seleotor screen unit, from wnich lump slag for

uses such as filter media isg dispatched. The cversizo from the

sslector screening unit goer to g tertiary orusher through
8 scalping screen and is returned to the selector sCreaning unit.

The undersize from the sslectu: screening unit is scresned into

fractions which are stored in separate bunkers. Tuere iu provision

for returning the bunkered material to the tertiary o
its scalping screen. Material

risher vig
to be 80ld uncoated ig diupatchaed
direot from the bunkers, generally by road.
required,

Woen coating is
a batch of the appropriate size blend is dried in a
rotary drier, welghed and mixed with the required amount of tar

or bitumen dispensed into the mixer from adjacent tanks. The
coated material is eored in heated bunkers while awaiting dispatch.
The correct ratio of coating material to slag is important if the

best results are to be obtained in eorvice without waste of either
ocomponent.




ID/WG.14/7
Page 10

2,2 Foamed Slag

The tendancyof air cooled slag to develop porosity on
oooling can be deliberately enhanced, 1In faot, most blast-furnace
slags oan be made to foam and then solidify into a porous material,
known variously as 'expanded slag', or 'foamed slag! or 'slag
pumioe’, If made from the rignt slag under the right oonditions
it makes an excellent lightweight aggregate.

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

Foaming can be oarried 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
& oertain minimum, but usually the foaming plant can still be far
enough away from the blast-furnace for a centralized foaming
installation to be possible, A oentralized installation has the
advantages of a bigzer scale of operations and less interference
with blast-furnaoce operation, Some foaming processes are more
tolerant than others of o0sld slag, and this should be taken into
aocount in the ohoioce,

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

Researoh has still not fully elucidated the mechanism of
the foaming process and though some of the factors are becoming
apparent, it cannot yet be said with any oertainty whether a given
slag composition is suitable for foaming under given conditions,
It appears that a suffioiently high slag sulphur oontent and
temperature are needed, reducing oonditions also being desirable,®
But it is often difficult to deoide to what extent these are
independent variables and can be counter~balanced by ohanges in
temperature and process conditions,

® W. LAYTON:s Prooc, Australasian Inst, of Mining & Metallurgy,
1963, March, 57-68
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Among process conditions the water used in foaming must be g
major factors it breaks up the mass of molten slag (and probably
'asrates' it) by the expansion due to its evaporation or, in some
prooesses, to g direct mechanioal break-up through the mechunical
action of water Jets, provides the main cooling medium, and may
also greatly increase the temperature range in which the
visoosity is suitable for foaming,* Fortunntoly, the suitability
of a slag for foaming can usually be deoided provisionally fren
fairly simple practical tests,

As with air-cooled slags, the foamed material muet be
free from unsoundness if it 18 to be used where strength is needed,
This tends to exclude very limey slags whioh &nyway are liable to

give a weak foamed material because of thin inter—pors wallg,

The aim of the foaming operation is Yo produce gas bublLles
in the liquid slag under cooling oonditions such that the bubbles
survive to form pores in the solidified product; the cooling
conditions must algo prevent excessive fusion together of the
individual lumps produced in the foaming operation, sinoce guoh
fusion would complioate handling and orushing,

The main foaming prooesses oan be classified into 'mechanioal?

in which foaming involves moving maohinery; and "non-mecaanical?
in which no such machinery is used,

Bxamples of the 'mechanical! brocess are those in winioch
the stream of molten slag falls, together with & stream of water,
on to a rotating paddle wheel, usually provided with additional
vater-cooling, Other examples are the foaming oonveyor, where
slag flows with water via a wheel on to a moving metallic conveyor
on which the foaming ocontinues, assisted by a further supply of
water in the form of sprays., 'Mechanical' Processes have the
disadvantages cof damage toc the moving parts through abrasion,
thermal stresses and corrosiocn,

" AJFRISAK: Stahl und Eisen, 1923, 43, Yo, 38, 1219-1228
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Corrosion is usually a problem in any slag treatment plant where
steam is produced, because the steam is ocontaminated with sul phur
compounds, Sinoe mechanical processes are gradually going out of
use, these disadvantages are evidently enough to outweigh the
advantages of the additiocnal degree of agitation and inuependent
oortrol they give compared with non-mechanical processes,

One sxample of the 'non-mechanical' processos is the
'cascade', where the slag frow the ladle flows over a series of
inclined, overlapping trays covered with thin layers of water,

In another non-mechanical procsss (0,Vorwerk )*molten slag is
tipped into a shullow metal bed whose base is provided with

Jets of water; when foaming has finished the product is removed
by tilting the tox, wuich is & considerabie handiing «uvantage
over an otherwise similar process where the foaming bel is fixed,

A firal example is the 'Kinney-Osborne' process in which
the stream of slag, usually direotly from the blast—furnece slag
runner, is broken and partly foamed by a jet of steam or air
(sometimes with a little water), and the droplets formed are
foamed by fine, air—atomized jets of water, The {oamul Zlobules
agglomerate to form suitable lumps which are removed by comvaeyor,
This prooees has the advantage of positive aotion and « fair
dexree of independent oontrol of foaming and cooling without

the uase of moving machinery, *#

dood foamed slag should have a bulk density of 640-1200 kg/m3
for the (-5 mm fraction (fine aggregate) and 480-880 for the 5-12 mm
fraotion (coarse aggregate), But low density must be coupled with
good strength, and it is in the achieving of this combination that
the art of the foaming operation lies. 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 Eisen, 1957, 77, 36-43

## S.P.KINNEY and F,0SBORNEs 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 proocesses ig orystallized, and a range can
probably be obtained from most by ohanging the conditions, It
is olaimed, for example, that the Kinney~Osborne process can
give a foamed material with hydraulic properties good enough
for it to be used in oement making (see 'Granulated Slag!),
Foamed slag most probadly always oontains some 8lags, however,
and this must give the material certain hydraulic properties
that would improve the strength of concrets in which it is used
a8 aggregate,

Foamed-slag oonoretes are used as a bulk material or
in pre-fabriocated oomponents, e,g, masonry blocks or bricks,
As well as lightness, foamed slag contributes good heat and
sound insulation. The oonsiderable sulphur removal obtained
in foaming is useful if a low=sulphur slag is required, o, g,
for glassmaking,

The normal foamed slag has a fairly open-pored structurs,
which makes for a bigher consumption of cement in concretes and
correspondingly, a denser and less insulating conorete, 4 recent
development, still experimental®*, aims to Produce a material
with few externally open pores, Enough water is added to molten
slag to foam but not freeze it, and the material is passed
through two sets of water—cooled rolls, In the first, the
smooth rolls form a continuous strip of borous material whioh
the second set of suitable recessed rolls forms into roughly
spherioal pellets with an &lmost oontinuous outer layor,

2.3 Oranulated Slag

In some countries, the main method for processing
blast=furnace slag at steelworks is by a rapid-cooling procedure
known as granulation, The sand-like material produced by this
treatment of molten slag oan be a useful substitute for sand,
but ite main attraction is that it oan usually be transformed

*  V.I.DOVQOPOL: 'Boonomics of the Utilization of metallurgical
slags', 1964, "Metallurgiya', Mosoows
translated No,4584 1966 British Iron and Steel
Industry Translation service, London,




ID/WG.14/7
Page 14

into a oement i,e, it has potential bhydraulio properties, For
this it is essential that the slag after granulation should be
largely in the glassy state, and this is what the rapid cooling
is designed to aohieve,

To be oapable of transformation into cement the slag
needs a relatively high lime oontent, Unfortunately, this
requirement is ocontrary to the other requirement of a mainly
glassy material, sinoe high=lime slags tend to orystallize
even with very rapid oooling,

The oontent of other slag components alsc affects the
potential hydraulio properties of a s8lag granulated under the
usual oondition and various formulae have been proposed, @48,
(oontents in weight %)

CaO + 3MgO + CaS + A1203

8102 + MnO

the produot is very good when F is over 1.9, good when it is
between 1.5 and 1.9, and moderate for lower values,*

It is easy enough to test the potential hydraulic properties
of a given sample of granulated slag, but sinoe these properties
also depend on granulating oonditions and, tc some exteni, on
the history of the slag in the liquid state, the results must
not be applied unoritioally, e.g. in deoiding whether a slag of
some assumed oomposition from some planned furnace operation
wculd make a good oement, Some indioation of quality is also
given by measurement of the proportion of glassy material in
the granulated slag, e.g. by obeerving the oolours emitted in
ultra-violet light,##

* FP.KEILs ‘'Blast—furnace slags' (Hoohofen Sohlaocke) 1963,
Verlag Stahleisen, Dusseldorf, Pe95.

% W.XRAMERj Chemistry of Cements National Bureau of Standards
Monograph 43, Vol,II, 1962, p.966
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There are also oertain other limitations on ocompoaition
imposed by the need for the coment made to remain stable virtually
indofinitely, the main one being that the magnesia content of
the slag should not exceed about 17%, This 1liumit is intended
to eusure the absence of perioclase, which can undergo delayed
bydration with a 10-% inoreass in volume, There is evidence
that higher magneslia contents nay be Batisfactory,*®

Composition angd glass oontent are less importunt when
the granvlated slag is being used in a&pplications such as the
filling of marshy ground, where all that is noeded is that a
reasonable proportion of the particles should beconus comented
to each other in the course of time, or in soil conditioning,
where it is only the solution into the soil of the granulated-
8lag components that is needed,

Granulating Processes are very similar to foaming, but
are designed to Produce more drastio cooling, generally with the
aid of a larger amount of water per unit weight of slag than is
used in fiuming,

Granulating Processes can, #4gain, be olassified into

'mechanical! where the process is assisted by umoving mechanismsg

(suok as paddle-wheels), and non-mechanioal where only flows of
fluids are used, But it is also useful to clagsify them in
terms of the moisture content of the granulated slag, since

this affects eubsequent transport and Prooessing costs, into
'wet?, 'semi-dry' and 'dry?*,

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

* N.STUTTERHEIM, Chemistry of Cements National Bureau of
Standards Monograph 43, Vol 1I, 1962,
P 1035-1041
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In 'semi-dry' methods, running water and/or high=
pressure vater jets or sprays are used, and the product may
be subjected to partial drying in the sourse of the process,
The moisture ocontent of the final granulated slag is of the
order of 10%.

'Dry' methods, of which the Kinney/Osborne process
is an example, give an almost dry material, which may often
be slightly foamed and is olaimed to give superior cements,

As in foaming, the processes can be looated at the
blast furnace or centrally., Since a icwer mclten-slag in
temperature tends to make it uore difficult to obtain
granulated slag in the glassy state, the best product is
obtained at the furnaoce; however, this takes up valuable
space and oreates air pollution problems. To overoome
this and at the same time make some use of the sensible
heat of the slag for spacas-heating, a totally-enclosed and
compaot granulating installation has been developed., This
has air-lift movement of the granulate into a raised
separating hopper/drier for use at the furnace.,* It
remains to be seen whether it proves econonically viable
(corrosion by the wet sulphur—containing gases and by the
polluted water is likely to increase oosts), In another
enclosed installation, the sulphur is washed out of the
gases by e.g. caustio soda, and there is provision for
generating steam at theexpense of the sensible heat of the
slag before it is granulated.** Some schemes for utilizing

the sensible heat of slags have recently been reviewed, #*+

®  V.A USPENSKII and M.A.SHARANOV, 'Metallurgical slags and
their use in building® (Metallurgicheskie shlaki i primenenie
ikh v atroitel/'stveﬁ, 1962, 336-340, Cos.izd.lit, po stroit,,
arkh, i1 stroi,mat, Mosocow,.

##® A.Ya,BOLOTIN, L,Yu, ERIKHEMZON, 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 realized, 1,8, for it to make & good cement,
granulated slag must be ground to a fine powder, and an
activator must be present when the powder is wetted for use,
The activator must be thoroughly mixed with the granulated=-
8lag powder and can be a stirongly basic material such as
lime or Portland oement., Sirce air—cooisd or foamed blagte
furnaoe slag is basio, their 4ggregates ars probably
especially advantageous in slag coements, Alternatively, for
granulated slags whose alumina content is not too low,
sulphates such as caloium sulphate can be the activator,
Autoolaving 1s sometimes adopted with lime-activiated
slag cements ®.8+ in the manufacture of slag bricks, but
oorrosion by the sulpL r-contaminated steam can then be
& problien,

The amount of activetor needed a&s such ia smalls
larger amounts are used when the activator also oontributes
something to the properties of the final cement, An example
of this is super-sulphated cemeént, ocontaining at least 15%
of granulated slag, caloium sulphate and up to 5% of a basio
component, The caloium sulphate contributes to the good
resistance of such oements tc the action of mildly acid
sclutions, sea—water and, especially, solutions containing
sulphate ions,®

Much granulated blast-furnace slag is used as 'Portland
blast-furnace cement'!, made by grinding the granulated slag
with cement olinker, or by mixing the separately-cround
materials, The proportion of slag can be high, e.g. up to
65% by weight acoording to the British Standa-",** provided
the magnesia content of the mixture does not exceed about
7% and the sulphurio anhydride and sulphide contents do not
oxceed about 3 and 1,5% respectively, It apyears that higher
magnesia contents can be tolerated and the granulated slag

® J.H.P. VAN AARDD 'Chemistry of Cement' National Bureau
of Standards Moncgraph 43, Vol II, 1962, P.837

#%  BRITISH STANDARD 146s 1958, British Standards Institution,
London
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and the other oomponents are advantageously ground separately,
so that the optimum size of each can be obtained.*

Slag oements in general have low heats of hydration,
whioh makes them eminently suitable for large masses, such as
dams, The faot that they are made by the blending of at
least two oomponents and that the ocomponents oan be ground
separately makes it possible to medify the properties of
slag oements considerably, e.g. their setting time,

2.4 Slag Wool

In most countries only a fraotion of a percent of
the total output of blast-furnace slag is used for slag
wool production., This is not beoause slag wool is not
competitive, but because the tonnage demand for mineral wool
in general is low, However, the potential is oonsiderable**
and the manufaoture if slag wool and products based on it
ocan be profitable and should not be neglected in the planning
of a steel industry,

The slag for wool produotion mist not be very basio,
a CaO/siO2 ratio of 1.2 being about the maximum. However,
the relatively high value of slag wool makes modifioation of
composition feasible,

Slag wool is produced from molien slag, usually
obtained by remelting lump slag in oupola-type furnaces. This
operation is expensive in manpower and fuel, requring about
one part of metallurigoal ocke for three parts of slag.
Remelting can, however, be carried out without ooke in
reverberatory or eleotrio—aro furnaces, whick have the further
advantage of being able to melt slag shot; this oan be
important, sinoe the conversion of molten slag to slag wool
by most processes produces slag shot a8 anunwanted by-product;

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

# N,STUTTERHEIM: J,Am,Conorete Inst., 1960, 31, No.10, 1027-45

## For conditions in the U,K, the approximate amount of mineral
wool for the insulation of cne house is about half a ton.

—
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transport oost the inability to use it fully oould represent
& serious loss,
A more rational solution to slag-wool produotion is
to use slag that has remained molten, and & suitable installation
has been described,* This ig based on direct oil-firing, with
& very simple furnace having an upper opening to receive
molten slag from the ladle and a lowsr opening for the discharge
of the slag to the wool-making machine,
In this furnace the heat needed is, for the most part,
merely that for keeping the slag temperature at the right
level and, possibly, for melting the minor additions sometimes
made, The capital cost of suoh an installation has besn given

&8 about 1/7th of that based on a cupola, &nd manpower asg 1/5th,

The molten slag, however produced, is transformed into
fine fibres by a Prooess 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 Jjets of steam
or air, whioh blow the slag into fibres while it is still
in the viscous state and cool the fibres formed so that they
do not weld together on contaot,

Recent developments of thig type of process subdivide
the slag to a high degree by passing it through fine orifices
before it is aoted 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 makes the blowing
more effeotive,

o) Meohaniocal. The molten slag is pulled into fibres
by the action of rotors of various types, without the action of
Jets; some oompressed air is still needed, but only to remove
the fibres already formed,

® L.V,BRODETSKII: Metallurg, 1957, (12), 36,




ID/WG.14/7
Page 20

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 produot. Since
shot cannot be remelted in a oupola, it is better not to use
suoh furnaces with pure~jet processes. The orifice development s
of pure-jet prooesses are claimed to give low shot contents,
but against this, one must remember that orifice wear is likely
to be a problem,

The other mothods (and one of the fine-orifice variants)
have the usual disadvantages of moving parts under hot and
dusty service oonditions, but have relatively high productivities
with good produot quality, although the single-rotor mechanical
prooess tends to give thick fibres,

For good slag wool the fibres must be fine ( a fow
miorons thick), long (70mm would suit most applications) and
interlaced, and muat have enough 8trength to resist stresses
during further proocessing and the service conditions of the
final product, The bulk density for the main applioations,
i.e, thermal and sound insulation, should be about 110 kg/m3.
The wool oan be used loose, or formed into products, such as
insulating blankets with the wool bonded mechanioally by

stitching, or acoustio tiles, in which a chemical bon- is used,

Where chemioally bonded products that require heat for
ouring are being made (which would be the case for the widely
used resin bonding), the availability of waste heat from the
wool-making prooess would make it better to site the two
operations close together, which would at the same time avoid
the difficulties of transporting a material as bulky as unformed
slag wool,

At present, slag-wool manufacture tends to be a small-
scale operation, with outputs per installation of a few tonnes
per Lour, This makes it diffioult to achieve low production
oosts or to Justify the provision of the high degree of

process control needed for achieving a oonsistently high quality
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of product, The 8ituation is no doubt Partly due to market
factors, but the pPossibilities for large-soale, integrated
manufaoture of slag wool and itg produots should not be
neglected,

2.5 Shaped articles of blast~furnace slag.
In the processing methode so far oonsidered, the blagt-
furnace slag ig broken down into granular, powder or fibrous

Teoombined with the aid of some binding material, such ag cement,
or form a oement themselves, However, provideg they are sound,
blast-furnace 8slags ocan be shaped (mainly by casting) directly
into components such as kerbetonee, pipe~lining plates or large
blocks, So far this has been g relatively small~scale outlet

for slag = of the order of tens of tonnes per day per plant,

One of the diffioulties is the ¢xpense of the long

of even small cast-slag parts, another is the low productivity
of elag—caeting installations, For example, on an installation
where 30 tonnes per day of blooks 200 X 100 x 100 mm. in sizo
and about 6 kg in mags were cast into ap array of 120 cagt-iron
moulds arranged around the periphery of a slowly-turning
horizontal wheel, about a two-hours! annealing followed by

slow cooling was needed, and the blocks were loaded into the
Dutoh ovene and unloaded by hand, However, experimentg* with
roll=type forming machines &ive promise of much higher
pProduotivities and lower labour requirements,

The tendenoy of blast-furnace slag castings to form cracks
during oooling increases with increasing size of casting, and
probably also depends on the casting temperature, mineralogical
Oomposition, orystal size uniformity, content of uncrystallized

% V.I.DOVCOPOL; 'Eoonomics of the utilization of metallurgioal
slags’', 1964, 'Notallurgiya', Moscow, p,55, Translation No, 4584,
1966, British Iron and Steel Industry Translation Servioe, London,
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material and porosity and the attainment of conditions to give
the right combination of these faotors should enable improvements
to be made, It has, furthermors, been rsported* that if a
granular filler is placed in the mould before the molten slag

is admitted, much greater cooling rates can be achieved, the
oastings being removed from the mould at & temperature of about
90000 and allowed to cool in the air, lMoreover, any cracks

that form during sarly cooling ars apparently oconfined to

the surface and heai up,

Probably the most advanced development of slag casting
is 1o inocorporate steel reinforcements*®, This would make
oracking less of a danger, but, in addition, the greater
contraction of the steel during cooling produces & certair
degree of advantageous pre-stressing of the componsent, and
steel-reinforced castings of blast-furnace slag could probably
be used for important duties such as foundation blocks.

This would represent a considerable extension of slag-processing
opportunities for steelworks, A difficulty is that the high
teperature tc which the steel is raised by the molten slag
causes some daterioration in the mechanical properties of the

steel, and further research is clearly needed,

With their good compressive strength and resistance to
aggrewive waters, cast-slag products are suitable for use as
tunnel and mine-shaft linings, and because of their high wear
resistoncs thoy maks good linings for bunkers, chutes and
pipes handling abrasive materials such as coke or sinter., An
important disadvantage 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 area,

* G.F,TOBOL'SKIKHs 'Metallurgical slags and thdr use in building’
(Metallurgicheskie shlaki i primenenie ikh v stroitel'stv),1962
Cos.izd.1it. po stroit., arkh, i stroi, mat., Moscow, pp 363-368

## N.A.KARTASHOVs 'Metallurgiocal slags and their use in building!
(Metallurgicheskie shlaki i primenenie ikh v stroitel'stve),1962
Cos.izd.1it.po stroit., arkh i stroi. mat., Noscow, pp.352-363
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2.6 Shaped articles of blast-~furnace slags of Bubstantially
modified oomposition,

Mainly because of the shortness of the temperature range
in whioh they remain liquid, blzst-furnace 8lags of the normal
ocomposition have poor casting properties, This shortness is
due mainly to their relatively high 1ine oontent, and casting
Properties ocan be greatly improved by inoreaaing the silioca
oontent, This, e8peocially when combined with other ohanges in
Oomposition, can at the gane time give a better orystal struoture
with improved Properties of the casting,

In one installation designed for the casting of blagt-
furnace slags of modified composition,* molten slag from the
blast--furnace ladle is oharged via a tundish into a Tegenerative
rotary furnace, where 25 parts of gilioa sand and about 40 parts
of olay are added to overy 100 of slag, There is also some
enrichment of the melt with magnesia and chromium oxide from
the refraotories, The melt is oast into sang or metal moulds;
the castings orystallize and are annealed and slowly cooled,

The properties of the castings are considerably better
than of those from ordinary blast-furnace slags, but the
addition of 65 parts of 0cold material to the slag and its
assimilation ig expensive,

In another approach, whioh needs oonsiderably less
addition of oolad materials, the blast-furnace slag is in effeoct
tranasformed into articles of what may be considered a crude
form of glass-ceramio,

For this, the slag oomposition is changed in two main ways,
One, designed to ensure that the melt forms a stable glass on
cooling, consists in the addition of about 30 parts of silioca
to every 100 of slag,

* 'Production and uge of slag oastings' (Proizvodstvo { primenenie
shlakovogo lit'ya), 1963, Goskomitet Po ochernoi i tsvetnoi
metallurgii pri Gosplane SSSR, Upravlenie gornodobyvayushohei
promyshlennosti,
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The other, designed to cause evenly-distributed
nuoeli to develop in the slag glass when it 1is heat treated
after solidification, is aohieved by the addition to the melt
of a few percent of nuoleating agent, which may consist of
one (or a combination of soveral) of a fairly wide range of
materials, inoluding fluorides and transition-metal oxides,
Other ohanges in the compomition of the nmelt are somatimes
made, e.g., of soda to improve the shaping properties of the
slag glassy such additions may be important technologiocally
but do not affeot the prinoiple of the method.

Though it is possible, and may be more convenient,
to base the process on the remelting of solid slag, it is
more rational to use slag that is already molten. This
paves not only fuel but also capital costs for the first
stage of the prooess, the produotion of a melt of the
required composition., This stage, which can be carried out
in any convenient furnaoe, produces a glass that in the next
stage is shapnd, e,g. by casting, pressing or rolling,
modified to taxe account of the steep temperature depondence
of the viscosity of suoh glasses. In the third stage, the
shaped product is heat treated, first by being held at about
its annealing temperature to allow the nuclei to develup, and
then at a higher temperature to allow crystals to grow on
the nuclei., The heat treatment gives a material of relatively
fine and uniform orystal size with a small amount of residual
glass, Changes in process conditions can give a range of
oolours, and enamelling is also possible and cheap,

The material is remarkable for its very high resistanco
to wear, and this, coupled with the faot that it can be obtained
thin, makes it an excellent liner for bunkers, chutes, pipes
etc, handling abrasive material,

It ie also hard and strong (though rather brittle) and
has good reistance to alkaline media, sea water and polluted

atmospheres, These properties, itogether with the attractive

appearance it oan have, make it a promising building material

E
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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**, Hungary*** ang the
UK ('slagceran!)®uss,

In the UK, commercial production of wear-resistant
articles has started, The status in other countries is not
known, but a series of produots including corrugated sheet,
foamed and unfoamed panels, and composite Panels of foamed
and unfoamed material, pipes and insulators, have beon
listed in a Russian pudblication, ##snn

Without heat treatment or without the nucleating
agent a dark, opaque glass is obtained from the silioca-—
enrioched melt, Although this might have some decorative
value, its properties are greatly inferior to thoge of
the glase-ceramio type material,

“ I.I.XITAIGORODSKII 2h,Vses Khim, Obshohestva im D.I.
Mondeleeva, 1963, 8, (2) 192-7.

L B.ZIEMBA and E. CHLOPICKAs Szklo i Ceramika, 1965, 16, 69-11

nan B.IOCSEII Aot‘. Chim. Hung., 1960’ 32_’ 1.

#u8® 3. KLEMANTASKI and B.KERRISONs Chemistry and Industry, 1966,

Oct.15. 1745~1755

#uu#%  Encyclopaedia of modern techniques; oonstructional materials,

v°1.3 II, PPe. 196-171’ 1965 (Ed. A.TommﬂnOV)
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2.7 Pused cement olinker,

In the previous seoction, the composition of the blast-
furnace slag was modified in the direotion of a higher silica
ocontent, If, on the contrary, additions are made to increase
the lime content with a simultaneous inorease in iror cxide,

a melt whose composition is similar to that of Portlana
oement ocan be obtained, Because of the high temperatures
needed, this is & diffioult operation but at least two methoda

have been reported.

In one, originally developed by Wennerstrom* tne

additions to the slag are introduced in an arc furnace. Considerable

improvements have recently been made, notably the use of 1ime
rather than limestone and a magnesite instead of a graphite
lining.** In the other method, developed by V.V.Serov, a
'converter' supplied with liquid fuel and pre-heated oxygen—
enriched air is used,**, #%*#, The line-rich melt tapped
from the converter is granulated, which gives a better ocement
than obtainable with relatively slow cooling, The eccnomio
advantages for oonditions in the USSX of this process, which
has been tried on an industrial-experimental scale and coujd
yield by-produot steam for electricity generation have bteen
disputed,®##*,

Since the melt ocan presumably be granulated to give
at least some glass, the cement made from it may well Lave

properties superior to those of ordinary olinker-based cement,
2.8 Handling and transport of blast—furnace slags

The handling of slags and elag products forms an
important item in their prooessing oosts and add significantly

to the ocapital ocosts of a steel industry, Improvements in

» K.C.WENNERSTROMy Tek. Tidskrift, 1926, Almanna Adelingen,
N24, (224)

a%  T,I.KHOLIN and S.M.ROYAK: 'Chemistry of Cement', M«tional

Bureau of Standards, Monograph 43, Vol IX, 1962, p.1063-1065

an» V,P.KRYLOV and V.K.POMYAN: Tsement, 1960, Fo.2, 1-7

wan® A, GUDIMOVs Economicheskaya Gazeta; 1963, No.3 (76) Jan.19,41-42
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handling methods to reduce costs and capital costs muct therefore
be oconsidered an integral part of the slag prooceasing methodas,
These aspects have been recently reviewed* and will cnly be
briefly touched on here,

Where slag ladles are used, the recently developed
'swinging spout' method whioh enables a single blast-furnaoce
runner to deal with as many ladles as necogssary is werth
noting**, So far, the principal method of transporting ladleo
has been by rail, The cheapest form of ladle is tippud by a
rope pulled by the locomotive while the ladle whoels are locked,
In the other common form thé ladle is tipped by comproused air.
Rail transport is relatively inflexible, but spvcially dosisned
road vehiocles with tipping arrangementeo Lave bocomeo available##e,
whick, being suitable in addition for the transport ol wmolten
metal and other hot materials, would have conusidorable advanta;-a
as regards the internal transport arrangements of the uteelworks
as a wholse,

Whether slag ladles are used or not, the solidified
slag must be reclaimed, Machines for ripping and dozing*¥** gre

available for air-cooled slags powerful encugh to enublo drilling

and biasting to be avoided even on very old, ! i~hly compacted slag
banks., Llarge hard lumps from banks are generaliy broken by a
steel ball, For loading the reclaimed air-cooled slag, wheel
loaders are inoreasingly taking the place of excuvators, which
bhave the disadvantags of slow movement between 3itos, For
furnace pits it would be advantagecus to have renote—cont. oiled
equipment capable of working at high temperatures, aa the

faster reclamation would enable it areas to ha raduced for a

glven slag output rate,

" Sixieme Congres du Groupe de Travail Internaticual des 'Transports
Interieurs et Manutentions', 1963, Paris, vol I1II, ses
especially the paper by M, Wilkinson

**  V.I.KRIVENKO, G.B.RABINOVICH, V.D.SERGIENKO and D.A.STOROZHIK:
stal in English, 1964, (10), 772

##%  Stoel Times, 1966, November 18, 668-670
Hu8% Steel Times, 1965, October 1, 436 - 437
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Where close oontrol of the slag pouring rate is needed,
ladles with tapholes may be preferadble, However, they involve
more manpower, and therefore systems for the automatic tipping
of ladles to give oonstant slag flows have been devised in
reoent years,*

The finely-divided products from foaming and
granulation can be piped oonsiderabdle distances with water to
dewatering stoockpiles well outside the rlant area, The
disadvantages of this fcrm of transport is that the increased
moisture of the material may be diffioult to remove (this is
especially true of the porous foamed material ), and the
relatively high wear of the Pipes owing to the very abrasive
nature of slag pulps, whioh would make a lining desiraule,

3 STEELMAKING SLAGS
3.0 Introduotion

The situation with steelmaking slags is much more
complicated than with blast—furnace slagst there are many
different steelmaking processes, and each oan, in the course
of normal operation, produce slags of very different compositions,
For example, the slag leaving a basio open~-hearth furnace at
one stage oontains 14% Ca0 and 26% S10,, and at another 46% Ca0
and 16% 510,.
oomposition, the great majority of steelmaking slaga have
c;;o/sm2 ratios of about 2 and over, and it is with them that
the present report is mainly concerned. They usually oontain

However, in terms of the weighted mean

metallic irun and oxides of iron and other metals, Their
phosphorus oontent covers a very wide range (about 1 - 25% P205)
the trend being to lower values, and their sulphur content ise
usually a few tenths of a percent or less, In addition, fluorides
are sometimes added to inorease fluidity,

* TYu.A, LUKOVSKII, L,Ya, ERIKHEMZON, Ya, P,GINDIS and P,N.AKININ:
Stal in English, 1961, (7), 476 - 478
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The following seotions oonsider the handling of
steelmaking slags, and their processing to a) recover metallio
iron, b) make use of their ohemioal properties by returning
them to the metallurgical oyole and, o) render them suitable
for external disposal,

It will be seen that the processing of steelmaking
elags is muoh less varied than that of blast furnace slags,
being largely oconfined to the solid state and uwade up of
size reduotion, screening and magnetic geparation, There
are no significant counterparts to the liquid-state processes
that blast-furnace slags, witn their higher S:i.O2 content are
amenable to,

3.1 Handling of steelmaking slags

Virtually all steelmaking slage are air-cooled, and
their handling is rather similar to that of air-cooled blast-~
furnace slags,*

Some steelmaking slag is run into Pitse ejither from
the furnace itself or as overflow from the steel-pouring ladle,
The excavation of these pits often has to be done quiokly beoause
of high produotion rates and laok of spaoe, and under difficult
oonditions (oongestion, heat, steam and fumes frop water sprays)
and is preferably helped by powerful remote-controlled equipment,**

Where slag ladles are used, lack of headroom sometimes
makes it neocessary to remove them from their rail oarriages for
filling and then replace them, This involves extra handling
oosts but gives some additional flexibility to traffio near
the furneces,

The ladle ocarriages may be drawn as a train by locomotives,
or they may be solf-yropollod, the latter being increasingly favoured,

®  Sixieme Congres du Groupe de Travail International des 'Transports
Interieurs et Manutentions!', 1963, Paris, vol, III: see especially
the paper by M,Wilkinson,

#%  'Making, Shaping and Treating of Steel', 1964, Bighth Edition,
United Btates Steel, 488, 490
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The disposal area is usually a pit, but when slag solidifies
in the ladle the mass is tipped out on to a bank,

3.2 Iron reocovery

The 5 = 10% of metallic iron they contain is usually
the most valuable component of steelmaking slags, and its
recovery is the main aim of their processing, It is achieved

essentially by size reduction and magnetio separation,

The iron-recovery procedurs oan vary, but the following
is & common form,

The molten slag is tipped from the ladles into one
of at least two pits, one of which is being filled while the
other is excavated, Before excavation starts, the solidified
slag is sprayed with water, which cools the mass and breaks
it up to some extent,

A mobile crane then repeatedly drops a very heavy
iron ball on to the slag, and periodically moves a magnet
over the broken slag to extract lumps of metal, and the
remaining material is then excavated, Any solid slag from
the steelmaking plant is now added, The largs lumps are
soreened out and the finer material is passed through magnetic
separators. The magnetio fraction from the geparators and
the large lumps from the screen are then charged into one
end of a long perforated rotating barrel, The tumbling aotion
frees the large pieces of iron from adhering slag and they
leave the discharge end sufficiently clean to be returned
direct to the steelmaking plant, The rest of the material falls
through the perforations and is taken for further magnetio

processing,

An alternative iron-recovery procedure reportad* is based
on the disintegration of the steelmaking slag not by mechanical

® V.I.DOVGOPOLs 'Economiocs of Utilization and Metallurgiocal
Blags, Steelmaking slags', 1966 British Iron and Steel Industry
Translation Service, No.4584
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aotion but through the unsoundness to which most basic slag
compositions inoline them. In this procedure, a few percent

of finely divided dicalcium silicate (e.g. in the form of slag
that has already undergone the treatment) is added to the molten
slag flowing into the ladle, The added material provides
nuclei for the orystallisation of dicalciunp silicate in the
slag, most of whioh then disintegrates during the latter

stages of oooling to give a product ready for marnetio
separation and screening; recovery of metallic iron is high
and the non-metallic products are ready for several uses,

This procedure is not suitable for slags of high
phosphorus content, or for slags of basicities of leas than 2.
For suoh, addition of limestone into the s8lag ladlo can induce
disintegration, but the produot needs 8ome mechanical cruashing,

3.3 Return of steelmaking slags to the motallurgical proceuss.

Steelmaking slags from which the metallic iron has
been extracted still contain valuable components which can be
reoovered or made use of if the slags are returned to the

ironmaking operation,

In the blast furnace the relatively high lime content of
steelmaking slags can be used (possibly at the cost of some
additional ooke) to flux the acig components of the gangue
and coke ash, The iron and nanganese present as oxides in
the steelmaking slag are largely recovered in the pig iron,

This is advantageoua, but the effeot with phosphorus, which is
&lsc reoovered in the pig iron, is not so clear—cut, It is
advantageous, for example, if high~phosphorus foundry irons

&re required, or if, as might sometimes be the case, the market
for high-phosphorus steelmaking slag is sufficient to Justify
the expense of this reciroulation method of conoentration to
produce P205 enriched batoches, Otherwise, phosphorus in the
blast-furnace burden is a disadvantage, and this, or the presence

of other undesirable components, may prevent the re-use of
steelmaking slags,
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When steelmaking slags are in a very finely divided
state it may be possible to use a highly-selective magnetio
separation to divide the slag into a magnetio fraction richer
in lime and iron oxide and a non-magnetio fraotion richer in
phosphorus and seilioa, The magnetic fraotion makes a better
input material to the ironmaking operation, but must be
sintered; the ncn-magnetio fraotion makes an improved basio

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

Most steelmaking slags can, with simple processing
after iron recovery, be made suitable for use in agriculture,
and in oivil engineering as aggregate (if free from 1ime

unsoundness) and as a cement,

There are two extremes of the agricultural uses of
steelmaking slags. In one they act as phosphatio fertilizers,
This requires a relatively high total phosphorus ocontent (lower
limits of as high as 16% P205 are set in some countries) most
of which must be soluble in 2% citrio acid solution, and a
finely-divided state. The need for high phosphorus oontent
restriots suoh use to slags from the refining of high-
phosphorus pig iron, The magnetio~conmentration prooedure
desoribed in 3,3.2 oan widen the range to lower P205 contents
and eince a fine setate division is necded in any oase, may
well prove economical, The solubility requirement restricts
fertilizer use further to slag relatively free from fluoride,
Fine grinding is the principal prooessing needed for this use
of slag, but for greater convenience in handling some re-
agglomeration of the fine partiocles without impairment of
their reactivity is desirable, and addition of other materials
to improve their agrioultural value is &lso possidle,

* 0.0.BROWN and K.F.J.THATCEER; The Fertiliger Sooiety, London,
1967, Prooeedinge No, $6
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The other extreme of agrioultural use ie for soil
oonditioning, e.g, as a liming agent, The finer slag materials
from the iron-recovery operation oan be uged without further
processing., It ie one of the advantagee of nost steelmaking
slags that they funotion as both fertilizers ang 801l conditioners,
The trace-element oontent of slage can be valuable in agriculture,

The stadilizing effeot of the Phosphorus content of many

steelmaking slage makee the coareer fractions from the iron=-
Teoovery operation suitable for uee as &ggregate etc, even
though their compositione lie in the 'lime unsoundness' range.

Most steelmaking slags if finely ground make useful
low-grade ocemente, The fine material from the diocalciume
silioate method (3.2.2) 18 ready for use in thig way,

4. GENERAL CONCLUSIONS

The main conolueions to be drawn from a survey of present
alaghproceseing practice at iron and eteel plants and reoent
developments inthie fie1ld are as followe :

1) Many methode for Proceseing metallurigioal slags
at iron and steel plants are availabdle,

2) A slaghproooaeing method can ueually be selected
to suit a partioular slag and partioular market eituation,

3) Slag Processing oan often be combdined with the
oonvenient removal of slags from the immediate neighbourhood
of metallurigical plant,

4) Through processing, slags can be transfermed from
& waste matorial with signifioant handling and dieposal oosts
into profitabdle by-products such as; aggregate for oonorete,
coated or uncoated roadstone, filter medium, eoil conditioner,
phosphatio fortilizor, mineral wool and mineral produots,
light-weight fggregate and products based on it (6.8, light=
weight oonorete masonry blooks), cements, oast blooks for
fbundntion-, wear-resisting plates,

5) Some slag products are relatively oheap, others
oommand prioces that are & significant fraction of the price
of the oorresponding metal,
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6) Recent developments are increasing the scope for
slag processing into higher-value produots,

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

8) Under oertain conditions slags have useful
metallurgioal properties and oan be returned to the main
procoess,

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

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

'









