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THE CONTROL OF BASIC OPEN-HEARTH FURNACE

REACTIONS.

FURITACE RBACTION PRODUCTS.

It is the generél belief that in the steel making processes
the elimination of metzlloias is effected by ferrous oxide in
the molten babl, whilst the ferrcous oxlue 1 thie beth is s
funehlon of the fervcus oxide conte bt of the slag. Consiuerable
Givergence of opinlon arises with respect to tlie amcunt of-iron
which should Dbe consicered as afforuing available ferrous oxide
in the sla§

Ileld stresses the necessity of celculsbing to FeO all

iron found Dy analysis in the slag.

(2}
MeNair  regerds @1l the Fe( as free and lgnores tie

~vle oxdde.,

Colcough  assumed the ferric oxide present to be stabilized

by the lime and counsiders the whole of the Fel to be free,
(4
MeCance  states that only free FeO should be considered as

Peing avail=zble for the bath and emphasises the lack of exreri-

mental dats 1in this coumect lon.

Styri has stated that "only FeO not bound chemically to any

l....l

other slag consbibuent" should be consiuere:,

Whiteley(o?on the other hand has advanced the view that an
important jart of the oxidation of bath meteslloids is aue vo the
ferric oxide zontent of the slag.

In the case of ti:e basic open-hearth process tharefore, the
lack of fundamental data rezarding the consbitution of the process
slags renders recent applications of chemical kinebics to the
consideration of metalloid eliminabtion somewhat obscure. Further,
the/



the conclusicns arrived at by gifferent workers appear lol'gely
speculative,

Tn this thesis the results of experiments made upon the
products of the reactions occurring in the basic open-hearth
ffurnsce sare described. Specizl attention has been giveal to the
Changeswmﬁich tzke vlace in slag constitubion during the relining
stages. Such experimental investigations it is belleved form
an essential preliminsry towards an exsct knowledge of the
reactlons which occur at steel making temperatures and comcerning
which very little cuantitative data exists.

The objects ci the investigstions were: -

(1) To ascerbain the nature of non-phosphoric
“constituents i basic slags.

(2) To observe the altarations in constitution
which tuke place in the slag during the re-
fining stages.

(23) To determine the nracticel basis of the furnace
rezction control during process cperatlons.

Microscopic ezaminctions of the bath metal corresponding
to differances in slag constitubtlion were nmade, Some investigatious
were alsc made upon the structure of the fuvﬁace hearth.

Previous investigetlons of basic glags have bean coufined
almost entirely to the phosphoric constituents in view of the
importance of these compounds to the agricultutist, Such con-
stituents are not heowever of first importance in the processes
using a high perceatage of steel scrap, the reacticns veing prir-
arily dependent on the oxides of Calcium, Ircn end Mangaiese.

In 1887 Stezd and Redsdeale 7 published analyses of
‘erystels snd crystallites isolated from basic bessemer slags. I
opticel data was given and analogous constituents have not hither-
to been isolated from omen-hearth slags.

(8)
In 1911 Kroll in an exhaustive paper on Basic Slag

Phosphates
States:- "Besides the phosphates there exist crystals of

metallic oxides of great interest but beyond the

scope/
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scope of the present investigation".

%

These researches are confine&ito hasic Ttessaier sless, and

a2

{

in conclusion he states - "It would be interesting to invesvigate
the basic slag crystzls from the open-hesrth, thelr composition
om convertor slags to be intaresuving.

T
9) .
In 192C Bainbridge noted the existence of magnetic matearial

differing sufficiently f

in basic open hearth slags and suggested the existence of combin-
ations of ferric oxide and lime,

In 1922 Scott and McArthur (1O)published the results ¢f thelr
applications of petrographic metbods to the examination of open-
hearth finishing slzgs from the basic process, Their slags were
obteined from @iffefﬂnt sgurces and uniortunately their worl,
apert from general slag anclyses is confiined to microsconic exam-
ination only. No isclation or analysis of individual constituents
was secured and little omntical data was given. They however
identified several of the slag constvituents with the analyses
given by Stead and Ridsdsle (7)and their research is the oﬁly

contrivutlion of its kind.

(11)
Published researches on basic slags reveal & mzss of
evidence of the occurrence of phosvhate and silica-phosphate
(12)
compeunds in & free state, Morrison found a silico-phosphate

of iron and lime epproxinabing in comyposition to the formula

Feo 5020 P205 S10p. he exisvence of this compound has not bean
confirmed Ly othiar workers end in viev of the difficulties exper-
ienced in isclating slag constibuents in the pure state 1t is
rrovecle that the Fel existed as sn imurity.

In this thesis an account is given of the methods used to
isclete the basic slag constituen g other than those contziining
phésphorus, refarred to by Kroll ( ).

Speciel Tacilities were availsble to the writer to prewxre
ozen-hesrth charges on the manufacturing scale whereby the formatin
oI nen-phosphoric constituents couid be augmented in sufficient
quantity for optical examination and analysis.

The optical catsz thus secured waos cmployed tc observe the



wogressive cheanges vhilch ccsulr in process slags,
The work described can be divided into the following parts:-

(1) Basic Slag constituents.

(2) Exoemination of the process slags,

(3) Bxaninaticn of the bath metal.

(4) Bxaminaticn of the structure of the hesic hearth.
A serics of open-hearth charges was prenared and slags obtained
under observed concitioms with a phosphoric oxide content not
exceeding about 3%. These slags were subjected to treatmant and
exemination as described later. Photographs of the constituents
noted together with the results of chenical snalysis are given,
wherever possitle the constituents were examined by petrographical

methods and the optical data obtained is also given.
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ISCLATION CF SLAG CONSTITUENTS.

(10) :
Scott and McArthur have drawn attention to the cioseness

of the znalogy between certein igneous rocks and basic slags.

-They also pointed out the existenbe of certain constituents which
correspend to mineralisers in these rocks. Basic furnece slags
dirfer from many ieneous rccks and from slags of the aciw process
in their complete freedom from glass. |

These two facts were utilised in the isolation and subsequent
identification of the slag conctituents here described. The

essentislly holocrystalline maturs of the sleg nminerasls facilitated
thelr separation.

When a slag magma solidifies it exhibits similar character-
istics to those observed in the cooling of igneous rocks. The
character of the nroduct depends upon the cooling conditions.
Crustallisation cccurs to a degree cdenendent on the time avsilable
for the ztomis sroups which form the crys:cls to move bowards
the centres at which crysrallisetion begins, It also depends umon
the motility of these atomic groups which in turn largely deocinds
upon the viscoszity of the slag.

The occlusion or solution of gases in the ligquid causes an
increase in mobility with consequent decrease in viscosity, znd
during cooling this action results in a more effective ciffusion
ané augmented crystallisation,

It was found by experiment that the amount of occluded geses
in the sleg could te larszely increased by the adcdition of mmall
anounts of molst slag of the same generel composition as the
molien magma. The use of this gasecus or " volabile fiux " did
not affect the slag composition.

It was possible by this meens to increase effectively the
mobility of the slag when slovly cooled in large masses so that
an improved degree of crystallisation was obtained. The slag

masses welghed about 12 tons and were allowed to cool for g6 hoﬁrs.



When such messes cool slowly the poscibility exists that

- e

esch crystal separavion mea: modify to some extent the comnos iticon
of the rosidual magma snd the effects of tiiese changes might elter
to some degree the composition of the final mproducts. That tlis
sction is apparently not of great importance is deduced by compar-
ison of slowly cooled with those of quickly cocled slags described
later,

The slowly cooled slag masses were broken into lumps which
were separately examined.- Suitable pieces were crushed without
grinding into a powder. Dust and cryptoery stalline slag
agrreorates were removed with cicves, At each stage the larger
cuhedral and subhedrsl crystals were picked out, The slag powder
thus roushly purified was subjected to further treatment, The
powder was exeamined under a low power in a binocular microscope

and euhedral crysrals renoved with a noistened syplinter of soft

wood. It was then subjected to magnetic separation.

=
(o)
[
o
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o
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netic field of varisple intensity was used. .

The magnet consished of a cylindrical core or sof't iron bent to =

LJ shepe, Bach 1limb was tzpped at 1ts end anuw fitved with
an adjustable sharp pointed soft ivon shoe. A vegriable resisience

was goiinzeted in series with the battery -nd the field coils. The
magnet was mounved below an ebonite plate supported by side-vrackets

An adjustable table bclow the magnet allowed a glass tray containing

~

& thin layer of mpovder to be passed ot fixed distances Lenesth the

nagnet shoes. For the first separation the minimun field was
used sc that the most strongly magnetic minerasls were just astrrch-
od, Trhe trey was withdraw: ond & glass plate substituted.

Tiricel crystels were aCatIduteQ from the crop with & moistened
wood splintor.

Hlegnetic senaration is an essentisal prelimiary step in basic
sleg crysval powaer examinstion, os il eliminetes metallic shot
which vould interfere with subsequent analysis.

The use of high specific grevity liguids for crystal separat-

ion/
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senslabion is limibed to thivce medlec heving o donsity of ove

1
3

.1

(WD)

‘Thoulet Solution was prepered vy stirving 27C ero.JOTP‘ilO
Ioéide with 230 grms.Potassium Iodide in 80 cc.céistilled woaber.
& Tl=t Tasin was used and the solution evaporated until a
crystalline film formed, It was cooled and water added drop by
drop to dissolve crystals formed during cooling. A crystal o?
Fluor Spar (Spec. CGr. 3.18) floats on the concehtrated solution.
This liquid is mobile and convenlently miscible with water in ony
propertion, It is reconcentrated by eveporation or a waberboth.
Any io&ige scoarating out throush decompoai@ioﬁ cen be restored
Ly saddition of meroury,

This solution was used to separzte the long needle-like clear
crystals subsequently identified as Fluorapatite. The crystal cron
from the magnetic separator was introduced and the liguid allowed

L metier,

a
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to stend until a clear layer showed hencath th
A conlesl vessel was then introduced iuto the cylinder contoining
the solubtion until the contents overflowed snG the susnension
washel into a conteining basin., The suspanded aatoriel weas filtered,
weshed rith clluted potassium iodide snd Tinally with hot water,
The residue was then dried,

Molten Mercurous Nitrabte (Sp.Cr. 4.3) was fount to b
exceedingly troublesome to work with oving to the formeation of
a white besic szit of higher melting point which seperaited out

8]

socn after fusion, which occurred at 7¢ C.

A falir degree of separavion of crysvals of Tricalcic

o)
Ferrite wes obtsined when the powder was prehested to aboub 70 C
and repidly plunged into the nitrate immedistely upon fusiow. The
tuke contrining the mixture was cooled and the solidified me

divided. The nitrate was dissclved off, the erystals dried snd
hand ticked under the microscorpe,

It was owcasionally diffucult to obtain enough naterial
for a chenical analysis. In such cases certain microchenical
tests/
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tests were found of value imemihe approximete ceterumiantion ofs”
chanical composition,  For this purpose:grysiels wlc cryetal
. ' .

fragments optically free from inclusions and extr

were selecbed. This was ususlly possible where

experienced in obtaining larger quantities neces
analysis.
A numbver of glass rods avout 10 cm. long

an

by heating and Qrawing their extremities to a Tl

ends were rounded by heaving momentarily in

=

rods were used in the manipulaticn of the resge

o

put on a silde and

a bunsen f

%1

II;VOL,L" RVE SIS

Gifficulty was -

sery for full

Ware prenar ol
e point. These
ame, The

ts, The crvsuel

under examination wes a Grop of the reszeunt
rleced upon 1it. In some cases slow evaroravion of this salution
formed the crystalls which charscterised the reaction. In others =

drop of en additional reagent was placed alongsid

-
|

e Tl
s (J.-

the two liquids coused to marge gradually. In

precipitate coula be recognised by its optical p

de the first
each csse the

roperties.

The following tests which can be repidly performed uvon snall
cuentities of material ware utilised in the course of this work.
CALSIULL: - The crysval was dissolved in a darop of hydrochloric

Acid, A drop of Sulphuric Acid was placed adjacounb bo tiis

NNy A "3 - O e P
aMu merged thereln Dy means

of a

fine

= - .
£1885 I'C(,

Characterisivic raulal groups and needlss of Jypsum anpear
on grawuel evaporation, These needles unite in star shaped
ageregaves as shewn 1n photogragh Ho. 1. They have a maxinum
extinction angle betwean crossed nicols of 37Oah& torminate
obligusly ab an angle of 650

PHCZPHORUS - The crystel was dlssolved in [Hitric Acid, the slide
was placed upon a hot plabte cover = bunsen burner and the
olution evaporated té dryress, It was heated to render
any sillea 7resent insoluble. The mabterial was taken up
in nitric acid ani tresbel with a drop of ammonium molvbldathe,
The yellow precipitate of ammonium-phospho-molybdate BT

rounded octa hedral forms

Qr—.+

Sim ¢
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220
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oubline illustracel in phovogragh Ho. 2. In this chovosragh Thg

e

resulos of the applicsbion of this
(ex basic slag) are shewn.
GHROWIUM - Chromium was debtected in an inclusion in a

silicate of lime crystal. The silicate crystals were

treabed with Hydrofluoric Acid, then fused with Sodium

Carbonate and Salbtpetre on »nlatinum foll, The fused

- e g A e - EINN
best bo a crysital of apsabita

mixture was dissolved in hot water acidified w1th iitric

Acid. The addition of a drop of Silver Nitrate caused

a deep red colouration. On gentle evaporation of sume ol

w4

this soiution on 2 2lass silids
of 3ilver Thromabte were forned.

IXOoW - To distinguish vetween ferrous ana ferric iron
under the microscope the
chloric Acid., The addition of a dilute soiubion of

potassium ferricynide caused the charscterisvic Tlue

red rh 101 Dohe (il;’v CI’;':.:;-DF 1S

rysvel was Gissolved in Hydro-

colouraiion in ureqance of ferrous irvu. Pobtassium Theocy-

nate save & red colouration in presencs of fervic ilrun,

Qccasionally metallie Iron shot is found in the 3lars.
Its existence was yroved hy the addition of copmer
sulphate solution in which case it Decsme cocted witia
metallic copper,

SI*ICAhj

was uvllisec in the examinnvlon of husic siazgs in °

flected 1light., The polished slag secltion was evched wi

e}

diatc Hyorochloric Acld and washew free from acid with

- An adaptation of the method descriped by ., 3cobt

e

weter, The section was allowed to remsin ia o solition of

nalachite green or congo red until the selatinous silic

formed Ly the ebtech had becoma

}_J

ST A Traa o UL S caf ey A e Y o
Sullace was agzin washed, dried, and after warmine covawsd

with Canada Bslsanm o prevent alteration. The acid 2ust

HAGNESIUY - Certain crystals from the basi~ hearth were A1

in/

myregnated with the e

Y

oe ranoved to obtzin satisfactory results with the are.
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in hydrochloric scid, The solution was baiou Lo

Gryness, heated, taken up in scid and decantved, ben

and any Manganese 3alts present were proecinitated

in slisghtly ammoniacal soluticn to which ammonium

chloride had been sdaded, The solubtion was Tilteared,

diluted and sodium phosphote added, In presence of

magnesium salts crystsis of magnesiuwn-ammonium phosphate
were precipitated., These crystals, which are shewn iu
phdtograph No. 3 have a very low double refraction and
their refractive index is lower than that of Canada

Balsanm.,

For the microsconic identificavion of constituents isolated
from slags the determination of their optical properiies is
essential. This necessitates the preparation of crystals and
crystallites in sections of thickaess approximating 0,03 to 0.05
m.m, It is desirabls bo obtain sufficient transparency in order
bo avold overlapping of zdjacent crystals sad to prevent the
study of their inner texture,

The following methiol ga#e satisfactory results:-

A quantity of Zinc Oxide was fround to a fine

vowder, Approximately 5 grams were taken and gently

mixed with a small quantity of the crystals to be

examined, Hnough potassium walerglass wos auded to

give the mixture the coaslstaicy of a sbtiff paste,

Too much of the waterglass causes the mixtuare 4o

erack, wiile iF too 1ittle be used the mixtuire lacks

coherence zand breaks un ou the grin@ing 1éte;. The

paste was pressed into a mould formed by +" dia.class
tube about " long w=ud resting upon a glass slide. It
was found advanitzgeous to moisten the inside of the
tube with potassiwa silicate, The nmixture was left
at a temperature of about 5000 for several days. The
tube was Troken off and the cement subjected to the

usual/



e o

usual grinding and polishing U0 thin section. Unud
the microscope in bransmitted light Zinc Oxide has &
dwllish-green uoz—orjsballlne opnearance distinguish-
able fiom any slag constitvuent. This methiod pemits
of approximately accurate orienbavion or the larger
slag crystals in the cement with reference to their
crystallograpghic axes,

MICROSCCPIC METHCDI: -
Thiclmess of section - The method used was a modifi-
cation of that of Duke &€ Chaulnes for reiractive
index measurement, It was applicd in tlie reverse
manner, The Canada Balsam of the mount was taken
as of similar thickness to that of the section. Any
fine dust particle accurring between the coverglass
and the Balsam was first focussed, then the tube of
the nicroscoge wes lovered until the same was seen
ref lezted from thie under side of the slide.
Then when

v = Thickness of section,

a = Distance of lowering the tube

ol
n

ndex of refraction of Canada
Balsam {n = 1,54

t = dan
The change of objective focus was read from the drum of the -
micrometer screw.

PERFRACTIVE INDRX:
(14)
The Backe and Schroec.e:' Vg.n dgr Xolk methods of
determination were used. Use was made of Thouletd

solution as the immersion medium,

For crossed nicol observations ete. the occular
cross-hairs were adjusted exactljr parallel to the
vibrational directions of the nicols by usé of

Xnown crystals of quortz in thin section mounted
in/



in Canada Balsam, These crystals showdd nesiie
growth and sbraight extinction whillst the refressuive
index of quarbtz is close (o that of the Baleam, The
long edge of a quartz crystal was placed exactly
parallel to one of the occular oaross-hairs, The Dobtan
nicol was rotated until its vidbrational direction was
exachtly similsr when lienbd passes thiroush thic gquartz
unalbered and no inverference colowrs resulted when

0

the anzlyser was rotated through 90 .

BXTINCTICH ANGLES:

The Rertrand Plate was used for accurate determinatious
of extinetion angles bhebwesau crossed nicols., The tuove

analyser was withdrawn from the polarising microscon? uil

et

Pas
o

a cap nicol fitted over the eoyepiece. The Bertrand Plab

was placed in the occular, This device consisteld of

four secoions of aliternating righv and left rotaving

- UL, SR 2% - A A o . e R - - R E 5
guartz viates 2,5 moalthieck cut perpendicalarly to the
nwhia ayoa Te dextro-robary o130 1¢ ~robarr ouarby
O;)J.J-'u SLA D, e AeXyY Q- -)Unl J PRORNE R \‘3\70 SO NVICES N qy.*(,\.l [

sections lie in opposite segments. VWhen the nicols zre
accurately crossed the qua&rénts heve & unifoirly nale
Plue tint, The intrcduction of a doukrly refracting
crysval upon the stage éllcws these guadrants bo add to
or subbrsct from its rebtardation excent when it is on
the positicn of exbicction wheﬁ tiie whilvish Plue uint
is uniform throush:out the field.

T..cidentslly thidls device was used o check vhe adjust-
menv of the occulsr cross-nezirs as determined by means

of gquartz crystals,

e

The interferaice colour for a given sechbion thicknes

S5
0
in the 45 oposition betwsen crossed nicols was used as

a2 measure of the relative retardation of the slow rsy
verind the fast ray of the section., This colour is Lhe

result of the sum of the effects produced by Interfera .ne

between,/



between these two rays for each wave lausth,
Then the relatvive reterdstion is thus dstemined Lhoen

the Bifringence 1s also knowi since

s s - Retardation
gence - i e e e
Bifringenc TSR
Thus where
a = Thickness of S@Jtiozﬂ‘

Time btcken by the siow ray 1o
traverse this thickness,

o
H
n

t, # Time taken by the fost ray to
traverse this thickhess.

Maximum refractive index corresponil g
with the slow ray.

£ = Minimum refractive index corresposclng
with the fast ray.

)
1

Velocity of light in vecuo.

Velcciny of slew ray = 4 =L
1 s
Velocity of fest ray = 4 =L
to F

4.

Hence 1,

1
€3}

Hio
o))
3
<t
T

el

+- . . .
1= %o = (s-1) % = Retardation in time.
Retardation can be expressed in terms of distauce 1f time
retardaticon be nmultiplied by the velocity of light in vacuo.

Hence Retard:bion (in distance) = L{tq-%

N
-
1

-
va
e
&

R = Bifringence x Thicliess of Seciion.
3ince R is alweys exyressed in wmicromillimetars =il the thickness
in microns the thickness of the section must be mulbiplied by 100¢
Yo give the retardation in micromillimeters, Hencé

Rpup = 1000(S-F)d.

Sl

¥ e ey A
-

ghardation can thierefore be approximabely debermined
by cbzervetion of the interference colour. The veristions in
intensity and tone from the deep hard colours of the first SICer

© the falnt pinks, greens and whites are sufficiently marked %o

render/

LB



N AL TR S T N T I o & 7 R N e T i oyt s e S e ey
ronder this convenlsnt mebthod aulliclontly agaursovs For —08g

Gontification in slag sections.
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nd maximum dvefringence velues @ unknown minsrals the Quartrn

o

Wedge device in common use in npetrography was uscd. This

compensator wos also used for the determination of crystal
character (i.e. positive or negsiive)] by the usuzl methods,
In addivion to the ordinary “uuV“”gv?b ﬁolf od 117t
tests the method recommended by Johammseil L was used wiien
small grains were under observation; for L“n Governiinevion of

the nuunhor of axes of no aouble reiﬂactlon (i.,e. uniaxiazl or

- plaxisl sature). The figures in

[}

uch grains sre othervise
diffizalt to observe, By use of this method they are smill
b Well defined.

A glass rod was heated in a Muusen flame =14 drawm to
a fine thread. The exvrenity of the thiread was fused and o
spnerical rlass slobulc formed. The rod cerryines tiis soherical
glass lens was clamped in position just over the section Twub
indepena mt of the stage, The microscope was Focussed upon bLhe

sphere and slightly raised.
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TRI-BABig FERRITE CRYSTAIS.

Photograph No.4 shows the appearance in transmitted
light at 60 mgs. of needle-like crystals isolated from
basic finishing slags. Their appearance in oblique light
at 50 Mags, is illustrated in, photograph No.?.

These crystals were of quite common occurrence in certain
slags and were isolated from the slag powder by careful
hand-picking with a sharp splinter of moistened wood 'under
low powers in a binocular microscope.

In reflected light they were characterised by a brilliant
m etallic lustre and appeared black in colour.

The crystals were elongated parallel to the vertical axis,
one of the IateraaIX%Sppeared inclined to the principal axis,
while the other was at 90" to it.

Where development had been incomplete the crystals had
developed a flat needle form with occasionally a barrel-shaped
outline as shown in photograph No.4,

This characteristic needle growth was frequently seen to
be the result of incomplete crystallisation along a secondary
axis at 90" to the primary axis of a larger crystal.

The crystals were hard and nonmagnetic; they varied in
size from minute individuals up to a length of 7 m.m. They
were isolated from the slag vesicles in a high degree of purity.

The chemical analysis showed:-

Analysis No. 1. Mole oulax
Oompontion.
SiOz 1.08 0.0180
A1203 1.36 0.0333 Secaloulation.

ESgO” 44 04 0.2753

EeO nil - EO H2C8 Aoids.
MhO 4.43 0.0624

CaO 44.16 0.7884 CaO 0.8201 F@202 0.2864 8102
MgO 4.48 0.1106  MgO 0.1150 Ap2c3 0.0346

P 20S MnO 0.0649

99.55 1.000 0.3210 0.019
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It consists essentially of a Oalcic-Eerrite compound of
the approximate formula - 3 0OaO-Ee2(8 - where MgO can apparently
replace CaO.

The completet" developed crystals appeared opaque in
transmitted light under high magnifications. The flat needles
were faintly translucent, had a deep ruby-red colour and were
doubt" refracting between cWSsed nicols.

Crystal fragments and sections of crystals had a reddish

rust colour. They showed high relief and roughness when the

condenser of the microscope was raised. The refractive index
exceeded 1.73. Cleavage was indistinct and imperfect parallel
to the (c) axis. The fracture was uneven.

These crystals were characteristically free from inclusions
thus indicating formation at an early stage in the solidification
of the slag. In a section 0,04 m.m, thick the colour was
yellowish rust. Between crossed nicols when the direction of
the principal zone was parallel to the slow direction of the
quartz wedge the interference colours were additive. This
direction was therefore that of least velocity and the character
of the principal zone was positive. When the combination was
subtractive compensation occurred with second order greenish
blue. This corresponds to a relative retardation of approx:
670 micromellim eters. The maximum befringence measured was
therefore about 0.017,

The extinction angle of some of the grains was straight,
in others it was inclined to the principal direction of elong-r
lation indicating that the crystal system is probably monoclinic.
The crystal form supports this conclusion although the nature
of the figure in convergent polarised light was not definitely
ascertained

Similar crystals were obtained in the course of this work
from investigations upon the basic hearth. In this latter

case, however, they contained FeO .
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MAGNETIC  CONSTITUBLTT.

Photograph iM> 6 shov/s at ?0 Mags.' the appearance of
typical crystalline skeleton formations of this substance in
oblique light. Photographs Nos. 7 and 8 exhibit their
appearance in transmitted light.

These crystallites were strongly magnetic and the first
separations were made from the slag powder by use of a bar
magnet. These separations were exposed to weak electro-
magnetic fields and farther divulsion effected in the manner
already described.

The appearance of this substance is most easily observed
in oblique light. WeU developed specimens showed growth to
have taken place along six directions at 60" to each other,
forming a secondary axial system simultaneously with the
elongation of the primary crystal axis perpendicular to the
plane of the secondary axes. These secondary lines of
'‘growth in turn showed development ternary and quaternary axial
systems, etc.

In all cases the axes of the higher orders exhibited the
same development as those of the lower orders and the material
showed a characteristic d.endritic structure.

The chemical analysis shovJed:-

Analyses Mo. 11 Analyses No. I,

Molecular Mole A

% Composition. 2 Compel

$102 8.00 0.1333 SJ02 5.18 0.0863
A1203  4.79 0.0470 A 1208 4*27 0.0486
reaOs 32.04 0. 2002 EeaOs '34.10 0.2131
EeO 4.86 0.0675 EeO 6.36 0.0884
MO 13.65 0.1923 MnO 14.53 0.2046
0a0 32.20 0.5750 Cao 29.66 0.5297
MgO 5.00 0.1234 MgO 5.25 0.1296

100.54 99.35



No. 11 is She analysis of tne materisl as separated from the
8lag, No.lll. was aftsr grinding and Turther electro-magnetic
cleaning. At hicher powers the structure wes seen to

consist of purely crystalline material; +the formation was the

result of parallel intergrowth along the comuon axis of devel-

;opment. The const ituent crystals were plled one on top of
the other. .

In ordinary lizht the crystallites appear grayish black
in colour; they were highly reflecting and showed a hard
metallic lustre.

This constituent vasg obtained from slags where the iron
content exceesded about 14%. It wes not noticed in slags where
the iron content was known to be low.

Its formation made it troublesome Lo obtain free from
extraneocus matbter; electro-magnetic separation did not over-
rcome this difficulty. It was obgerved as an inclusion in
certain of the tribasic silicate of lime crystals described
elsewhere.

Under the microscope at high powers the crystallites at

e ]

Taces while

the tips of the dendrites exhivited cctahedra

<o

i

certain facets showed a deep blood red colour in obligue light.

These crystals are the result of growth at the most

sharply poinbed angles, diffusion in the supersaturated sobltion'

being greatest ab these angles. The Tormation of the secondary

axes was the result of growth occurring at some of the solid

angles produced. Tnils wra&s repeated for each of the higher

axial systems,

The crystals wese quite frce from inclusions bub |

blhiere wag
a great tendency for impurities to he entrapped, amongst the

dendrites. This foreign matbter can be readlly distinguished

in transmivted lisht. It consisted partly of the silicate of

~lime crystals described later. The material analysed was

therefore/



PLAE3 IV

LAGITITIO oGiToinixain (OUBIO)

EA3I0 3LAG
%
MO. i Mo. 10
o T Y 150-A 19 430 4 150-H
TEIN 33CIIUN IN ZINC THIN SECTION IN ZINC
0:aiB CEiBiTT. OXIiE CZIGL'IT.

FLUCBAPATITE CRYSTALS (HEXAGONAL)
EX BASIC SHIG.

_ No.11 No. 1:
TPX:iS.LT.- A IZN3.LT. 35-H



ta
A0

therefore not quite pure.

Thin sechions of this constibtuent were prepared by use of
the 4ine Oxide cement in the manner already described.

Photozraphs 9 and 10 show 1t appesrance in parallel
transmitbed light at 150 Mags. In the photographs of the
thin sections this constituent appears dead vlack, the half-
:tone and liszhter coloured groundmass is the zinc oxlde
cement which shows a dull green colour under the microscope.

In thin sections the crystals were homogeneous. They
'Weré often almost opague bubt frequently showed the deep blood
red colour with imperfect cléavage. They were dishinctly
ochbahedral in form in sultably oriently sections. The fracture
was even. The refracture index excesded 1.9. The criystal
Junctions with the balsam were rough and the surface uneven
with the condenser of the microscope raiéed as high as possinle.

In parallel polarised light using the bottom nicol the
crystals were non-pleochroic. Between crossed nicols they
remained dark or showed nc regular double refraction. A Tewy
of the grains appeared faintly translucent and did not exhibib
extinctlon in any position of rotation between the nicols.

Ihis phenomena 1s of %he nature of an optical anomaly not
uncommnon in cubiec minerals =nd may be the result of strain
produced during the cooling of the dendrites,

This magﬁetic consbituent Lelomgs to the octahedral group
of the aivic system.

Previously published analyses of magnetic msterial isolated
from basic glags are of inberesd,

Analyses No. 1V is Dy Stead (7) Trom basic bessemer slags,
Apalyses No._V_ is ziven by Bainbridge (9) from hearth slags,

In each case the wmarmresponding molecular composition has

been caiculsted.



20

Analyses No. 1V Analyses Ho. _V_
obean wainbridse.
% kiol. Camp. %o liol, Uosnip.
¢a0 18.73  0.3344 Ca0 7.40  0.1312
g0 11,46 . 2830 g0 24,90 . 6143
21503 1. 80 . 0177 A1703 L3  ,0180
Fe 03 16,14 . 1009 Fe 03 23.29 . 1455
Feo 38, 06 5286  FeO 26,23 .3643
Mno 9.58 .1349  ° 1moO 14,04 . 1977
S402 | 0.80 . 0134 510, 1.30 . 0216
P ;05 L.66 0117 P,05 Loz .0073
98.23 . + 100403

The composition of the material separated by the aubhor
differs from these analyses in being lower in Terrous oxide
and magnesia while the ferric oxide and the silica ere higher.

A feature of each analysis is the relatively high conbent
of lianganese Oxide. The possipility exists that under the

oxidising conditions which frequently occur towards the end of

the process, the lManganese oxide may acht nz a base towards the
ferric oxide which in the absence of lime may combine o forp

constituents of complex constitution. Crystals of liagnetite
have never Dbeen ouserved in basic slags and i%s formation as
a separate basic slag constiltuent appears unlikely.

The amount of magnetlc material in basic slags is
normally very low, at least until she Tinishing stages are
reached. This constituent consequently cannot be of great
importance as a refining agent. 1ts origin 1s aspparently of
a secondary nature and appears the result of complex combinat-
:lons when the slag assumes a more s‘prongly oxidising character

towards the finlshing stages of the process.
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HEXAGONAL COLUMY CRYSTals.

These crystals are illustrated in photcsravhs Lios.1l and
12 at 35 liags. in ordinary transmitted light. |

Their separation was effected from the slag powder after
Tricalclic Ferrite crystals and the magnebic material had deen
reumoved,

A quantity of the concentrated Thovlet solution (sp. GR3.17)
was placed in a narrow besker énd the slag powder introduced
into the solution. The beaker was seb in a basin and alloweld
to gtand until a layer of clear liquid showed between the
suspended matter and that at the bobtom of the beaker.

A conical vessel was gradually introduced until the
contents of the beaker overflowed. The suspension was thus
worked into the basin, the contents of which were diluted with
water and filtered. This process was repeated unkil a small
quanbity was collected.

The CTOop was dried,,gently‘crushed betweenm two watch
glasses and the process of separation in the potassium-mercuric
lodide solution repeated. Finally the solution containing the
suspended matter was diluted drop by drop with waber unbil
only pure crystals remained suspended.‘ The specific gravity
at this stage was determined as 3.105. These crystals were
collected, washed and dried.

This process was extremely “edious ac the smount of this
constituent in the slag was very small. Insufficient material
was collected for a chemical analyses, but the amount obtained
was sufficient for optical and microchemical determinations.

In reflected and in oblique light the crystals appear as
colodrless hexagonal colums which show consideravle eldngation
in the direction of the princinal axis. They ranged'in size
up o 10 m.m. in lengibh. In ordinary lizht they showed a
vitreous lustre, imperfect cheavage a.4d conechoidal. fracture.

Determination of the refracture index in the direction

prependicular/



perpsndicular to the pfincipal axls wy the &chroder von der
Kolxk method using Thoulet solution as indicator gave the
vaiue of 1,64

The crystals were transperent and britile. They were
free from inclusions, In thin sechbions when rotated over
the polariser the crystals were slightly deeper in colour
when the long edge of %the crystal was parallel to the vib-
irational direction of the nicol nrism thus showing stronger
absorption parallel to the principal zone. They were there-
:fore faintly dichroic. in sections parallel to the
principal zone they were doubly refractive and showed stralght
extinction betveen crossed nicols.

The long edge of the crystal was placed at 450 from its
position of extinction. The quartz wedee cut with its length
parallel to its optic axds, thus having its length the slow
direction, was inbroduced bebhween the nicols so thet its _
length was 2lgo at 450 to the vivreatilonal direction of the
nicols., Compensation occurred on a section 0.0% m.m;thidc
~with first order greyish white. The relative retardation
is therefore very low at about 200 u;u. The corresponding
rifringence value is 0.004 U.U.

The slow direction of the ﬁedge was, in the position
giver;, parallel to the fast direction of the crystal. The
combination was therefore subirachbive and the sign of the
principal zone was negative,

In hexagonal cross-sections, i.e. at 90O to the direction
of the principal zone, the interferemce figure in convergent
polerised light could not be distinguished on account of the
low double refraction, In these sections tne crystals re-
:mained dark between crossed nicols in parallel light.

The unlaxial nature snd the crystal form indicated that
this constituent velongs to the hexagonal system.

The material was subjected to the following microchemical



The solution containing the crystals _n nistrlc acld was

[§+]
w

evaporated to drvness on a glass slide, tren heated. he
5t

deposit was taken up in dilute nitric acid end tested with
a drop of ammonium molybdate. The small yellow "rounded®
octahedra appeared as globular aggregates recognisable as

ammonium phospho-iiolyodate. The presence of phosphorus

was therefore indicated. Photograph MNo.2 shows the results

of the application of this test to a crystal in partial
solut lon.

The addition of Sulphuric Acid to a Hydrochloric Acid
solut ion of the crystals caused the precipitation of
zypsum needles and indicated the presence of lime.

No traces of iron in pure crystal fragments were nhserved.
Some crystals were dissolved on a glass slide in a
solution of concentrated sulphuric acid containing Sodium
Silicate. A drop of ﬁhis solution was transferred to
another slide whicih had veen gently heated., Rosettes and
Stars of faintly rose tinted crystels hexagonal in forwm
gradually appeared. These coloured crystals of Sodium

Fluosilicate indicabed the presence of Fluorine.

The microchemical tests proved the existence of Fluorine,

Lime and Phosphorus. The hexagonal crystals form and opbtical

tests agreed with those of the mineral Fluorapabite

(3 Ca0 - Py05 - CaFy)

The calculated percentage of Phosphoric Acid in this

substance is aboubt 42.3%. The amount of this mineral in a

slag containing 3% P20y will therefore be about 7%
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STAR - SHAPED CRYSTALLITES.

PhotoLrapmc Nos. 13 & 14 show crystallibtes which were
euarated from the slag powder along with the euhedral
Fluorapatlte crystals by use of the methods describved. The
amount collected was insufficient for chemical analysis.

The crystallite development indicated that growth had
occurred along three horizontal axes and thus conferred a
six-pointed ctar shaped appearance upon the formation. The
points 1lie at 60° to each other along the horizontal plane.
Development vas also noticed %o have occurred, =g can be

otserved in the photograph, at a reduced rate along the
normal principal axis at 90° to the three horizontal axes.
Growth along this normal principal axis frequently resulted
in the formation of hexagonal columns similar to those of
Fluosapatite crystals as already described.

lilcrochemical tests showed the presence of Fluorine,
Frosphorus and Lime. The crystallites had the same index of
Teffaction as the Apatite Urystals while the density was also
identical. The crystallites also showed sinliar optical
properties, In phovograph No.l5 taken between crossed nicols
a crystal and a crystallite are shown along the same plane.
The crystal is in the 450 position between the nicols. In
this position the crystallites remained dark during rotation
of the stage tirough 360° and their optical behaviour was
identical with that of the hexagonal cross-section of the
Flucrapatite crystals.

It was concluded therefore that these crystallites were
¥he result of incomplete or interrupted crystallisation of
Flucrapatite, theiriformation being the result of development

of the axes of bvinary symmetry.
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TRICALCLC C1LICATE CRYSTALS

A comuonly occurring euhedral crystal constituent of the
slags examined is illustrated in photosgraph 50. 16 taken at 18
Magnifications,

The crystals vary in size from minute individuals up to a
lengbh of 7 .. They were readlly pilcked out by means of a
moistened splinter of soft wood with the use of low powers under
a binocular microscope.

It occurred in the slag in masses, 2s flat plates occasion-
:2lly elonzated with domatic terminations. The colour of the
crystals varied from olive green, through citron yellow to
brownish green. The dominant and characteristic colour was
olive green. The crystals exhibited vitreous lustre and showed
conchoidal to uneven fracture. Oleavage vias indistinct.
Typical crystal forms are shown in the photographs Nos.16 & 17,

The crystals of this subsbance freguently contained
abundant inclusions, mostly identified as Tricalcic Ferrite,
the liagnetic Constituent and crystals of Flucrapstite
Photograph YNo. 17 (30 Magnificabions) shows those inclusions
by transmitted lizht. The symmetrical srrongement of the
inclusions with reference to the crystal faces can be observed
in the photograph and indicates that this silicate has been
arongst the last of the slag constituents Yo solidify.

The euhedral development of the material in large orystals
facilitated observation of the crystal form at low powers.
Development had taken place 2long three unegual axes. Two of
these axes were at right angles to each obher. microscopic

measurement showed they were at 90° 4o the principal axés. Lo

gonlometerical measurements were made however. The trans-

:Parency of the material enabvles the crystal symmetry to be
observed in the photographs.

In their place of origin in the slag they occasionally
showed/ |
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foces of different indivicusls were parallel. Thig type
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an
of composite crystallisatlon differs Irou that seeulitiug in
twin érystals since there is no symzetrical union along a
common plsne or axis between adjacent crystals.

The chemical composition was:-

Analyses No., V1 Analyses Ko. Vil
liodecular
% Mo 1. Comp. % Composit Lo,

0a0 57.40  1.0250 ~ Ca0 57.50 1. 027
Mgo 2.50 0.0619 MgO 2.70 0.057
A1.04 3.66  0.0359 41,04 3.41 0.033
Fe,03 - 7.74  0,0484 Fe 03 7439 0. 046
Fe0 8,10  0,1123 Fel 7450 0.104
HRO 5.58  0.0786 o 5,35 0,072
510, 15.20 0. 2533 5105 15, 60 0.260

F 205 T P05 u -

Analysis Wo. Y was made upon the crystals as plcked
from the slag. Analysis Fo, V11 was upon this material
afber crushing and treating with a bar magnst, whcrevy the
amount of iron oxide bearing inclusions was slightly reduced.
This sutstance has a strongly vitreous lusire by incident
light., Strong total reflections from the crystal faces inclined
to the axis of the microscope together with high *relief" and
rough surfaces in Canada Balsam indicated a high index of
refraction. in sechion parallel to the principal zone
determination by the Van der Kolk method zave the value of

1,707, Conivergent polarised light on cartain of the crystal

re

graine showed & tioxiel  figure with relatively low optic

Approximately accurate orientation of the grains with

ref

D

rence Lo the three axes was secured by seblting several of

+ i P N R~ <. 3 S em ~mr S S
the crystels in 2ine oxiis carern

Core pollsbing to thin

sectiocn , vy vhe usual gethode.
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Photograpi Ko. 18 is that of the taln secblon approximasesy

parallel to the zone of the principal axis. In ordiunaxy

light the section was colourless, Cleavage wasg iupertect.
In polarised light it was nonpleochrolc, Between crossed
nicols the exbtinction wag sbralght. Yn the insertion of

the quartz wedge with the crystal in the 45C position to the
direction of the nicols the colour combinabtion was sudtractive
#nd compensation occurred with first ordexr white of the
compensat or.

The thickness of the sectlon wag 0.05 m.u. The relative
retardation was 230 u.u. . The corresponding befringence value
was therefore aboubt 00046,

In Photograph No.19 ic shown the crystal at approximately

90° to the principal zone, i.e. parallel to the zone of the

fp) axis, Photograph ¥o.20 shows the section parallel to the

sone of the (a) axls.

in each of these tliree sections the extinction, with

reference to the respective crystallographic axis, wag eiroighd.

In convergent polerised light the character of the inter-
iTerence figure was indistinct.in thin section. In Hhick secti
it wae Yiaxlal ~nd on the introduction ol the guarbz wedge
with its slow direction parallel to the direction of trasces
of the optic axial plane as indicated vy the lypervolae of
the interference figure (i.e. when the plane of the optic
axes was 2lso ab 450 to the nlcols) there was & decrease of
colour on the inside and an increase on the outeide of the
hyperbolae. The daxrk bar produced oy an obligue axig is
curved with the convex side towards the acute bilsectrix. The
increase of colour taces place vhen the wedge and the section
are additive. In this cese it coincided with the direction
of the acube Bisectrix so that the character of +rese crystals
was negative cince the direction of the acube Bisectrix was
slow.

The ~_1ax1al nature, straight extinction snd crystal form
indicate/

QT

£
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indicate that these cyrysivals belong to the Orthorhorbic Systerl.
The chemical compowltion speroximetes to that ol the
Tricalclic Silicate, 3 Ca0 - 510z, il sllowance Le mede for
the composition of the incluslors 1liustrated in Photograplh
No.l?.. These Inclusions must contain the bulk of the R0y
oxides shown in the analysis incombination chiefly with lime,
The relative amounts of each type of inclusion could not »e
ascertained with certainly bub they consist mostly of Tricalcic
Ferrite needles.
The'opﬁioal properties ol bhis silicate differ from those
of dicalcic gilicate which were characteristic of bssic slags
of a higher silica content. The lsbter were frequently ovtained
from earlier stsges of the process and are described later,
Dicaleic silicate crystals in thin section were always yellowish
to bluich yellow in colour, they showed inclined extinction,
higher double refraction and higher refractive index.

These tribasic silicate crysbtals were always ascocisted

with inclusions containing ferric iron; in slags containing
dicalcic silicate the amount of ferric iron was relebively
low,
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CHROMITE CHBEYS ...d.L InCLU: 7101‘4».).

Photograph No. 21 ta keh ab 100 Hagnifications in reflected
light shows the appearance of'minute crystals oooas;onally
noticed as inclusions in or 3 sls of Tricalc1c Biliecate, obbained

in subhedrsl form from slowly cooled slag masses. These silicate

p)
2
+

cristels had pertially developed certain fuces during sulidifi-
cztion and the inclusions were observed upon thesce faces.

Thoy were placed uson & celluloid plate .and treated with
hydérofluoric acld, The inclusions were partially isclezted zi1d
were fused with sodium carbonate and ssltpetre on wlstirum Toil.
The fusion was dissolved in hot water, The tests described on
pace b shewed pregénce of chromium,

The crystels were non~megnebic, very hord sna almost ine

e in acids., They pecurred as sharp definitaly oubiindd

o

crysihals in vsrious forms of tire cube, They erzhititced mediun
luctre in reflected light and were black in colour,

In nature Chromite 1s universelly ascoclated vwith ru~ks
of the olivine group where 1t ocours as well Tovumeld =hiim
crystal 1nclusions simliler in sgpesrsnce o those 1lluniroied
in the phobougraph

It was included that those minute cryatals conslisted

e

'(D

sertislly of the oxide of Chromlum Crp0, probably introdncsd

K
as an dmpurdty in the sted scrap, It existence witlis the
silieate evyabals indic:los thet 1t must be one ol Lhe eurliest
waouiets of erystellisstion from the glag mogna, The vossibility

exigts thwt the Ohromis nxide is in combinatlon with Cul in

T

these cubie erysisls sithough this wes not delinitlciy agedrtsined.

d
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EXAIINATICH OF PROCE3S STAGE,

With the exception of Fluorapatite the constitucnt
descriped in the preceeding section have not pfevicusly heen
obeerved in basic open hearth slags, These slag minerals were
obteined from finishing slags where the cooling conditions
allowed the maximun degree of crystallisation of their come-
ponents, A knowledge of the constitubion of the molten slag
must be the ulbtimate practicsl object of metallurgical investi-
gationg, It was desiravle 1o ascertain if the occurrance of these
consvlituents in slow;y cooled slags had significance in the con-
stitution of the liguid slag.‘

Small rapiély chilied slag samples were taken from a furnace
bvath. Microscope examination of polished sections in reflected
light revealed the existance of crystalline constitus.its, This
Troved therefore, that reaction must have taken place in the
liquid state between the components of these crystals snd that
saturation with the corresponding molecules must have occurred
Just before sclidification of the specimen. The cerystal fom
preserved by the rapid chill woild be charscteristic of the
temperature at which the specimen was obtained. Where no‘con-
stituent formation in the chilled slag was noticeable then eid
no reaction had occurred in the liquid phase or the concentratvion
o' eny new combinasbtlons nmust have failed ﬂo reach saturation
point on cobling.

The examinaticn of snell rapidly chilled specimans of slag
taken at different stages of the process was systematically under-
taken

A representative series of slég samples was obtained from a
typical cold mebal charge using low-phosphorus pig iroci. The
Specimens were drawn st regular intervals under uniform sampling
Conditipns. .

Table No. 1 glves the comnos:.tlon ancl amount of the materials

Charged.



m™Mha g1ag ane neNnS walte o ltenm Loy e 4 ¢ 3
The siog specimens vere tuken, 44 £5, from the Golomite banks.

1

The weipght of the sanyles vessprroximately § kilogran,

Tavle Ho, 2zives the tims

o

(.)

Intervels of sempline durins
the working of the charge with notes upon the bath cconditions.
Tavle No, 3 shows the analyses of the slags.
Table flo, 4 gives the composition of the metel when th
slags were obtalned,

MICBOSCOPIC BXAITTITATION; For reflected 1light examinabion

the specimens were ground to a size spproximetely

3" x §" x 4", Slags cont:zining over 8% iron were
pround. on a carborundum wheel., Where the iron comn-
tont was lower the slaopgs wre fragile and were shiaped
with a fine file.

Furthear grinding was done by hqnd L%lug ordinary
polishing papers. Polishing in the usual sense was

impossible., The use of water or oil in the final

stages formed a cement-like layor very clfficult to

rq
U)

remove, After the finest nmeper the sections ware

rently rubbed on a2 dry "Selvet® cloth i finishied on
e)’ v [
& 811X mod.

“4

The finisned ¢

D

}J

-
de

&

».gurfaces freguettly snewed ceruveliln

£
constituants in relief owing to relstive differences
in heréness bub for satisfactory definiblion the usg

of an etchine reagent was essentiszl, The correcy
strawtl of bthis resgent varied with the type of sleg
since marked aiffexr ronces wore found to ocour Curing
the melt. Exneriments were nace to detemine the most
suitable soluticus,

R eI iNes AT T A 2

J PSR

7 Soluticn, useld as recormiznded
113) (10)
by Scobt and llcArthur distingouishies heatween

ferrous and ferric iron. Compounds coateining F8203

R o T
b

E. - . ' B 1< g S r K .
are neb ot once sbinekad g can he mvoved Tp tesuing

+

PR - Fiy P I S SN
the solubion used For the cbch witii polasslun vheoc; -

5 golusion is oxidised is & rTed
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nste, only wha
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.




coloursvion noblicel, The zpnlicavion of this test

R

eguires care an 1t was found unsuliable fur slaogs
containing much ferrous oxide, I:a such ceces tie
Terric oxidewas elso abtacked,

TACTIC ACID: A 249 solution abiacked silicates and

vhosphates but had 1little action on material conteaining:

iron compounds.

CXALIC ACID: A 2% Soluticn hed 1ittle differontisl effect.
Its =zction on the slags was slight,

CITRIC ATD ITAT.IC ACIDS: These were founu to have similar
effects buv h%d net merked differentisl action., Scott
and McArthu IO)recommenaed a 0.2% Solution of citric
acld to ¢ifferentiabte between apatite and silico phos-
rhates, the latter shewing ph phoras to be dissolved
wheal the solution used wass te ol flth ammoniun mol; bdate

The delicacy of thls test was increased Oy carrying out the
rrecipitation of the crysisls upon a glass slide under the
microscope in the menner already described,
ACEBTIC ACID: This acid was found to give the best results
in differentisl ebcliing A rapid‘etda in stroos ncld
guickly attacks silicste compounds. Fhospheles are less
readily atfacked. Ferrous oxide is attacked least while
svinellold materials apnear greyinh in colour. A 2%%
solution was founw nmost coavenlent and was extensively
used in the course of this work.

After etching the slag sections werc rapidly washed in a
streasm of water, then dried in alcohol,

The preparation and reflected light examinavion of basic
slag saples cen be guickly performed.. The normal varistions in
the amounts of essenti=zl cohstituents Was founda to be small with
in the usuzsl range of an established practice in an open-hearth
melting shop. Wherevpositive determinations of the usual com-
ponents in the slag have flrst been established for a particular
range of slag compositions their subsequent recognition by re-

flected/
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reflected 1ight was found easily nossible,

Thiz latter method offered a methiod of process contrel
which can suppleanent i not replace the usual bftb t sts dwriae
the working of the heat, The physical differences of basic
slags wouléd seom to bear 1little relation to their cherical

composition, | T*lu fact 1s well known to the experienced
stecel-furnzce man, The use of the,microscope has been found
of,service by the autiior in the control of sleg formation
during furnace operations on an extensive scale,

In the scheme adopted for this wexk the slags werce first
exemined by rcflected 1ight, Sectlons were also prepared for
treenitted 1ight exemination and comparison nade of the con-
stituents observed by these two methods.

The nature of the slags was found to Vary considerably at
different stages of the wnrocess, hence the nethod adopted is
based on thelr ultinste Lomgnv‘a’aﬁ.

The molezular composition cdrrespondihg to the chaerical

analysis was calculated. The sum of the oxides of the

potantial hases viz - Calciwm, Magresium, Ferrous Iron and
Manganese was reczalculaved o unity

The cﬂsqa10x1d s of Iron end Aluminium were recaiculated
to their corr ”“Oﬁu;nb pronolrtionate wels ;bs The acidic
oxides of Silicon and Phosphorus were lLKEWlSS recalceulatbted and
shewn separately.

This method serves for the range of slag compooitions
exanined although from the purely mebtallurgical viewpolnt the
most desirable classification of steel process slags Wodlu be
to separate the "active® refining agents i.e, the oxide oi' iron
and possivly also OL menganese from lime and magnesia, In

Practice tiis latter method is usuaelly adopted within the norma

It has been shewn however, that thae exisis the possibil-
ity in the case of the easrlier slags that the ferrcus oxide and

the oxide of mengsnese may function as true bases.

In/
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In zertain L.L_.u.ulﬂ 51588 deficlent 4 lime i% is5 here aharm
LI e, B0 and M0 ant aa e o . R . e . . .
thal Fe0 and Mn0 2ot as bases towards the 'R, 02 oxides since
vl
Te, o e PRI T A Tey R Ty e ' 3
SUCL BLAES WAse Lac lron content is high, becoms distinctly
more magnetic towards the end,
. 'l
S (16)
Taec method pronosed by Whitelsy has little

metallurzical significance. This writer has ovbained =
‘"Ba51clby Index" by dividing the suamation of the molecular
ratics of ferrous, maudgonous, calcium and magnesium oxiles
less that of three vimes the phosphorus pentoxide by the
molecular ratio of the Siliecs present, This figure, together
with that of o "Distridbutlon Fuctor" got by dividing the
phosphorug content of the slag by that of the metal - i3
sugzesbed oo being indicative of the nature of the slag.
‘ ]
Jonsideration shews that, although'Whiteleys
nethod of culoulebtion holds apnroximately for a cerbain
range of Phosphorus-3ilica Slags, with higher Silice slags
such ag those examined in the course of this work thers ey
e a high "Distribubion Fectbor! with a "Besicity Iadex" of
normal vaiue oily. Whiteleys method of exyression Tor
LS

comperstive slag classification 1s therefore not generslly

‘applicalble,
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SLAG Sl

This smaple wes obbalned from the first formed siax in
“the bath before the pig iron had been completely charced.

Chaalcal Analysis and recalculation of the molecular
comnosiblon from Table No, 3 shews:-

Xolezcular
7 Con posi

i ion

'SiOQ. 2.20 0,047 Recalculation

4lp0y) 1.00  0.050

ooy ) - RO 3203 Acilds

0 0.438

2 0,094 TFe0 0.545 TFeg03 0,067 Si0p 0.037
P, 0

5
110 3.8
82 0.049 0a0 0,343  AUp0y 0.004

0o 3.
Fepdq 12.6 0.085 1m0 - ©,038

0
FeG 50.14 0.695 120 0.074

99. 68 1.00C C.071 C.0AC
This cinder was very strongly magnebic, In reflected
light the polished scctvion shewed a strongly reflecting surface

without definite structure. When etched with stromg HCL irregular

areas wcre zbtocked throughiout the matrix wiiich Tremecianed brillisnv-

o}
1y white. Prolonged ammeallng for 170 Hours at 1050 C resulted
only in 2 slightly greeter solution in cbehing resgents.

The thin secuvion in trausmitbed lieht shewed bihey bthis
cinder was not homogeheaus. The field counslsted of onague nesses

arounc winilch ware Toundary lines of a red transluceny congvituait.

Rounded crouns, undelfinitely arraagzed, of the same constiiuent

-

- Were slse observed, These small crvstals shewed no clceavage
tr

-

3}
Q

es. Thelr refrsctive index was high since they shawed
'"roufrueqan ant relief,They are Goubly refractins Tetwesn crossed:
hicols, Their small size preVbnteu ¢e;1n1ue identification though'
their optical promperties are gaerally 51m11ar to those of the
Tricalcic Ferrite crystals already described.

The opeque masses are not homogeneous as tmeJ vary somewhiat

in/




in colour Ly 1lifht incident 4o She surfa

The constlvution of this cinder is commlex. Iicro-

Pt

chenical tests inlicobe Tree Ferrous Oxice. The Magnevic
nature of the material points to further combinabtions which
were not delined. They probebly cpnsist of free ferrous
oxlde in solid solution with a substance sﬂuilar to the
magnetic consvltuent isolated ffom finishing slags., The
exisvence of free iMagnetite - althoush easily ootiecally
recognisadbie - has not been observed in this or any other

basic slags examined, IV appears unlikely that it can exist
separascely in presence of sufficlent lime wut nazy form citier

of the "spniuncllolid" constituents already described.

This slag is typical of the earliest non-metallic materi=l
to reach‘tae tesic furnace hearth and banks, during the operziion
of the scrap and_pig TrocEs, It can be recarded as tlhie recopbion
slag for the molten pig iron., A feature is its his
nature. Its oxidising cheracter will alsc promobte ranik feaction
with the non-mevellic impuritieslin the iron, This reszction 1s
specially marked on the introduction of moliuen iron in the hot-
metal scrap mrocess,

The existance of a compound of lime and ferric~-oxide
indicates that due care must be taken during charging onerations
to provide the lime necessary for this combinzvion, Otherwise
damage bo the hearth is lisble to ocour during the softenins
down of the steel scrap owing to the combination of vhe lime in

the hesrth~lolomite with the fervic oxide fomned.



SLAG 82

This was taken from the first slag formation after the charge
had been completed,

HMolecular
% Composition.

810, 7.00 0,12 = Recalculation

A1,04)2.48 0,012

P50g 0.008 RO R503 - Acids

Ca0 34.20 0,61

Mg0  4.69  0.12 080 0.477 Fe,03 0,063  8i0, 0,09

MnG  6.62  0.09 g0 .094 Alp03 .009 Py05  .006
12,50 0,08 M0 ,070

FeO 32.79 0.46 Feo 477

100. 20 1.000 - 0.072 . 0,096

This slag was macnevic and lustrous in reflected light. Btching

solubions showed a reduction in the irresularly attacked aress

when compared with S1 but otherwise 1t was similar in agpnearance.

The annesling treatment of slag material to develon structure
: (17) '
recommended Dy Melance was tried with this uzna othar slags.

In this case the slag was annealed for 60 Hours &b 105C C to
o
110C C. In the case of the authors Vesic slags no deposivion
4

of Fe,0, i tho form of Magnetite took place, This treatment
¥3 :
albhough successful with acid slags which are of a glassy natwe

is apparea:tly not apvlicatle to basic slags. The possibility

[

.

also exists that such treatment may result in the formation of
low temperature forms or combinations of the components, this

method of developing slag structure was therefore discontinued.




2
(,)J

e,

JO T T I B L ) .
i ot ii o " S 005 Sy ) e oy R} S s ey e
The Tuth =0 this stoge conbvaineld pools of slag in sepsr 5o

areas. The nie ircin had cormgie &l to soften =id melb

Molecular
A Composition.

$i0, 11.00 0.18 - Recalculation

43,04 5.29 .026

9205 ) . 019 RO R203 | Acids

cal 4 .73 '

.14 Cal0 0.584 Fe,0, 0.045 $§i0, ©.144
.05 MeO  .112 41,0, .02 P,0 .015
“Fep0y  9.00 056 Mn0 040 )

2
[@e]
o

\V—l
»
O
%)

Mgl
mo 3.7

Fe0 23.50 .33 Fe0  .264

99.03 1..000 . 0. 066 0.159

The specimen was frintly magnetic. Polished anc etched
with 237 HCL the matrix had a greenish whibe tinge, JPeenly

V

etched orens shewed the presence of silicate when stained wiblh
malachite green, The struciture was, howsver, indcefinibe, &l ti.e
constitutlon of this siag 1s complex, No exmmineiion was nuue
by bransmivted light.

The appearence of the three earlisest slags under the

microscope sugsests that they can be regarded as consisving

largely as solid solutions of FeQ conbaining CaO—Fe?O; cambinavions.,

Apparently FeO can dissolve consideravle amounts ol Spinellolds
althoush it was not found possivie o secure thelr desositlion

by heat treatment. Slag R is evidently the product of a
transition stage., The effect of silica increnant se3s wu sl

up the CaO~F12O3 combvinabtions with the formation of lime

[T

A

Silicutes Bxemination of succeeding slags shows that as vhe amount

of Silicate increased the amount of Spinelloid materisl in the
slag Tepldly decreased. The early slags appeared dead white in
reflected 1irht under the microscope. They were almost envively
witﬁout struciure.

The/




The change 1n appearance whicli accompaiiies the reduction
in iron oxides end the increase in Silica conbtent was very merked,
The slags become crystalline evan o the eye, ti.oir bribtileiess
increased while differentiation of their structure could be

secured hy means of suitable ebtching solutions,




SLAG S4

The Slag sample was brittle and conbtained oy blow-
holes., The slag in the furnace btath was viscous aad thnickly
adhered o a stirring rod. It conbained much undissolved lime.
A slag "scum" was observed around the furnace banks, This
occurrence is not uncommon in the early stages but its cause

had not been determined.

Molecular
Composition.

K

I

S10; 12,40 0.2066  Repaloulation

Py0g  1.28  .0090 Ro %0, Acids

Cal 46,50 . 8305 .

HE0 5.77  .1424  Ca0 0.63 Fe,0, 0.0339 Slo, 0.1597
M0 5.09  .0717  Mg0 0.11 Al0, .0207 P,05 0.0089

7.50 L0441 Mn0  0.06 ;
| |
.18.50 . 2569 Fe0 0.20

92.79 1.0C 0. 0540 C.1644

PN 1

The structure of this slag in reflscbed 1i b deoply
ebched with acetic acld is shown in photograph No.22 token 2%
300 Masnifications., The dark areas are masses of a lime silicate
which do not stain deenly with the dye when treated by Scotts
method. The half tone areas conbain "Spinelloid" material while
free oxides, mostly ferrous oxide appear as dead Wult enly
reflecting zlobules in this matrix, This slag was not examined bp
transmitted light.

The amount of masgnetic mauerial in this sla; was snall.
It is lixely that the reduction in the amount of the solvent Fed
has caused some devcsition of the spinelloids from the solid
Solution during cooling. At higher magnifications the white
globules of Fel appeared occasionally surrounded with dully whitc

Tringes 1ightly stained by the etch.
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SLAG 58

The effect of an addition of 5% cwts Sypar to the bobh 2t

.

this stage was very noticeabvle. The "slag scun® disanmeared

and the fluidity was increased. The powerful fluxine action

of Fluor Spar upon lime is Wéll known, It seems likely btiet the
lime rendered availsile invthe slag had combined with the meterial

47

around the slag wash., The analysis of the slag sugzests that

this substbance was provapvly free Silica from the iron althoush

attenpbs to icclate it were unsuccessful.

HMolecular
Z Composition,
302 26.40  C.44 Recalculation,

CAlp0y 2,72 0.027

P20s 1.28  0.012 RO Ry0, ACIDS.
Ca 41.20 0,74 ca0 0,66 Fe203‘ 0.02 510, 0.38
5.47 0,14 1gd  0.12 41,05 0.024  P,0p 0.0
5.95  0.08 1m0 0,07 |
3.67 0,023 Fe0 0.15
Fel 12,15 0.17 e - —
198,84 1.00 0,044 0.39

The slag section ebtched in acetic acid showed in reflacted
lizght large masses of silicate less deeply attacked by the solution
than 1ohg bath shaped crystals of a darker etched silicabe, e
aprearance of this section ciosely resembles that of the followins
member of the series. The zlobules of free oxides znd spinelloids

Were of less frequend occwwrrence than in the previcus seciuion,
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SLAG 63

Tile slag in the Tebtn heauw become more viscous =nd Cone-
ained wadissolved frec lime, TFhovograph Ho. 232 shows the
specimen in reflected 1light etched with strong acebic acid.
‘The magnification is 150

 Holecular
Composition

%
§10,  27.20 0.4523 RICALCULATION
41502 2.57 . 0252
P, 0g 1.79 L0126 RO R,0 Acics

Ca0 46,00  .8215 0a0 D.7206 Fl,03 0.0122 S10p G.3977
1g0 .43 1353 Mg0 0.1187 4lp03 0,0221 P05 G,0L1l

iselel 7.81 .1100 . MnO (.0965
Fe,03  2.40  .0150 Fe0 0.0641
¥eo 5.26  .0731

E—— e s m—— s et

98.51 o 1.CCCO 0.6352 0. 4087

£

The needle crystals were identified later ss the - forn

of Dicalcic Silicate. The amount of free oxides ond spinelloids

o

was considerably reduced, As shiewm in the photozyaph these
substances occurred in serresated areas throughoult the section.

The matrix between tlhie needle crysvals was éémposite.;,




PTIATI3 IX
MIGBC-3TRUOTUEd 0? RAPIDLY 3UUL3J,RA31C FURMOd
DATE 3LAG3 - F3GM'INITIAL 3TAG38 OF LIMU-3ILIOA

- -RLAG FORMATION.

No. g No. 26

TBAN3.LT. 60-M  TIUITS.LT. 300-M.
DIOALOIC 9ILIONTd LATH .CRYSTALS

IN OBAQRE-GROUNDMASS OF BBB3 BATH SLAGS 7AIN THIN SECTION
0X1L3S. q

LATH SLAGS 7 IN THIN SECTION.

'f. md-
% A
% > 0
No,” No. 26"
TMAS.LT. 300-M. H3F.LT. 80-R
{&GALCIC B8ILIGATB CRYSTALS DICALCIC SILICATE CRYSTALS
NO. 26 H3TWBEN X"NICOLS. IN COMPOSITE GROUNBMA3S.
BATH SLAG 88.
BATH SLAG 7AIN THIN SECTION.

. (ETCHED IN LTL.ACETIC ACID. )
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spingls or spil lleum ware not observed,
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Frotogipn Jo,.25 shwows wils slegz in vhin s

e e
G._ D

megnificetions in troismitted light, Iunddvidual erysosl

vl
: 0

photo! ra;m.mo 27 sliows the same crysval scection at 45 +

Yions are shewn in thotosraph o, 29,

[©]

(\3
Cf

at 200 m

crossed nlCOl:.

The dark groundmass betweea the crystals in these mhoto-
graphs 1s opague. o resolution was effected at hirsher nowers,
By incident 1lizht the colour of these opague areas varisd ffom
green to black, so they -provadly contzin the whole of the
Fangenese and Iron oxides,

In thin section the eloneated crystals formed a system
of interwoven lsths giving’occasionally a lattice struciture.
Complicated twindlng wes characteristic. The intersection of the
cr:sials ab various angles to each other produces the complicaved

crysual arrsagements illustrsted in the photozraph.

The crystals were distinetly yellowish to levanuer yellow
J

in colour. They were free from inclusions. The average reiractive
index was 1.72. When rotated over the bobttom nicol thiey shorsh
no difference in absornbion for any orientation of the ains,

they are therefore non-pleochroic,

Between crossed nicols thav were Goubly refracting.
Extinction was inclined to the direction of the greaLeSU 2longation
"The maximum angle measured was 120

#hen the quartz wédge was introduced with 1ksslow direction

.

pé rallel to the princinal axes of tliese crystals in the 45(position
between the nicols the interference coloufs ascended. The
cherscter of the priucipsl zone vas positive,

When the section thickness was approximately 0,03 m.n.
maximum odmpensation occurred with second order green, . The
relabive retardation was therefore aboubt 750 u.u. 80 that the
maxiram befringence valpe measured was approx1mauely 0.025.

In convergent polarised light the figure was biaxial

with/
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G2 colours incresged o the slae of the hiynerbolac, This

corespones Lo bho divestlon of h

O

acuve  slsectric; the
crystal chrracter was tha ofore positive,

The amount of magnesia in this slag was about 69 wub
the optical prowmerties of the numerous crystal graing were
perfectly uniform throushout the section, all tb.ése grzins
therefore consisted of the same substance. Ay Hasnoslum

Silicete (Fosterite) 2Mg0.S$10s present must be in sclid

solution in the crystals described wiiich are apvarently

fo traces of the intermediate compound Hontecsllite
(Ca0.Mg0)Si0, were observed in this or any of the subsequent .

specimans examined.
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SLAG 83
The sanple was solia, free from blowholes, nommagnebic zne with
vivreeus freeture,
A Jolecular

7 - Composition.
S10s 22,80  0,4799
A120: 4,00  0,0392 P.ecalcuiation
P,0g 1.98 0.013°2
Cal 46,50  0,8305 R20, ACIDS,
g0 5.77 0.1424 Ca0 0.741 F9203 0.005 BS10, 0,4292
isly 7.63  0.1074 Ugd 0.127 A150, 0.039 P,05 0.0124
Te,0.  C.90  0.0056 MmO 0,09 | |
reo 2.91 0,0404 FeO 0,036

98.49 W 1.000 0.044 0. 4406

Photosraph No.28 is of this

after acetic acid stceh.

slag at 60 Mags. in rerleched light

It was identical with that of the preceding specimen aaw con-

firmed the onservations made thereon.
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ITO. 29

RiB.iT. 15C-:
DIO.ILCIC 3I1.10AT3 IATH 3

AITD 3533 0X11S3 (T.RHT3)

BATH SLAG 9"
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Ko. 31
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ECIH SLAG IC'3
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No, 32
B3p .It. 150-1
DIOil-O10 SILICATE 1.A3338
AID P?ji3 OXIIE 3.

3-DH sLAGs 127,
(STCSDD IK DIL..iaSilC AOID.)



47
Slag 95

The szmple was take 2 mins, after 470 1bs. Fluor spar huu been
fed.

Molecylar

10, 25,6 0,4433 TReczlculation

va

Ap03 2,77 0.0272

Po0s  1.90 0.0133 RO By03  40IDS

Ca0  49.50 0.2P39 | |

MgO  5.70 0.1408  Ca0 O0.7502 Fe,0; 0.00°1 §10; 0.3780

1no 6,88 0.0969 ug0. 0.1195 ALp0y 0.0220 P 05 0.0114

Fe 0. 1.53 0,0096 1n0 0,0825

Fe0 | 4,05 0,0563 Feo 0.0478 N
98.93 | 1.0000 0.0301 0. 3894

The acebic acid ebched structure is shewn in photograph 29 at
150 Tags. It consisted of twinned crystals of dicalac silicate
set- in a highly reflecting mateox of free oxides conteining the
spinelloids, The péculiar "balled" Fform of the oxide is
illustrated, Appsrently thie rewicec concentration of the

Siiicate hud Giminished the idicmorphic nature of the crysrals

and resulbed in the formation of irregular masses of the same
substauce as shewn in the phptograph, This tenaency became

increasingly marked in subsequent slags.

E
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Bouh mobul incommlotely moelibed, Tie chemicel wnclysis
shows o morkes lncresse 1 lime content of vhe slag.

~ . lMplecular
o Composition.

sl10 22,00 0,30606

Al,05 2,23 0.0219 Recalculabion
P20g 2.04  0,0144 Ro m903 Acide

Ca0  53.34 C.9517

Mg0  5.33  0,1316 Cad 0.7567 TFg0, 0.0l44 S10, 0,295
ino 5.58 0.,0786  Hg0  G.1046 A12;)3 C.0174 P,0

Fe,03 2.87 0,0179 Mn0  0,0625

FeC 6.89  0.0957 TFe0 ~0.0762

0.C0L14

100. 24 1.0000 C0.0318 0. 3029

Tlie alteraticn in appearance of tlie micro-secolon is shewn in
photogravh No. 30, bvaken in reflected light at 150 lisgs. The
idiomorphic nevurc of the crystals of dicalcac silicaete hau
disupmneared. They occurred as irregular masses of incelinite
shepe. The free oxiaes&spinellolids shew dead white in Jhe

prcvograph,
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Bzth imcompletely meltew,

. Molecular

% Composition,
510, 21,40 0.3567 Recalculation
41,0, 2,00  0.0197 '
Py0, 2,00  0.0141 RO Rolg ACILS
Ca0 53.25  0.9510
Mg0 5.12  0,1264 Ca0 0.7598 TFe,03 0.0L42 ALO, 0.2848
Ino 5.58  0.,0786 Mg0 0.1009 4150, 0.0157 P,0_ 0.0113
Te 0O, 2,36  0.0186 nG ©0.0628 |
Feo 6.9 0.0957 = TFeO 0.0765

99. 20 11,0000 0.0305 0.2961

The structure in reflected light is shewn at 150 liags. after
acetic acid etch in photograph No., 31. It was similar to that

of the preceulng specimen.
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Bauh metal incompletely melbed.

8102 21,00
AL O 1.99
23
P, 0, 1.95
« )
Cal 52,75
Mg0 5.33
Mag 5.95
Feqalr 2,70
Fag 7.29
98.92

liolecular

Composition
0.3499
0.0191 Recalculation
0.0137 Ro
0.9417
0.1308 Cal 0,7489
0.0838 g0 0.1040
0,0169 1n0 0©,0667
0.1013 Fe0 0,0805

1.0000

50

3203 ACT3.
38203 0.0134 8102 0.2793
. 2 £ . 0109
.A1203 0.015 P2O/ 0. 0109
0. 0286 0.2892

The effect of the increased iron centent upon the siructure of the

s8las 1s shewn in pholbograph No. 32.

The reduced concenvraticn of

the silicabe had resulted in the graaual reduction in size o1 whe

crystel masses which fregquantly appeared in a state of fine

(ivision in the mabrix of f¥ee oxides and spinellolis.




Beth o

o7
; g
SlOo 20,7
41,03 1.9%5
P.0 1.95
50 1.90

(9]
[US)
[92]

etel incompletely

melted.
iolecular
Composition,
0. 3466
- 0,0191 'Re;:alcul abtion

0.0137

0.,9393
0.1264

G.0£13

RO
0.7580
0.1021

R,0,
Fe,0; 0.0L73

ACIDS
81Cp 0.279°

Py0c C.0L1L

B0 3.43 0.0214 Ino 0,0656
e c.45. 60,0922 FeG ©.0743

©1.0000 0.0327 6.2909

this slag was identiczl with the npre
29, 3G, 32

the gredual increase of iron oxiues upon the microscovic

ceuing spoclneii

Tl:e nhotegraps Nog, 28, iliustrete the

gfiecy of

S 3 S~ - 3 - f - (" g O
appearance of uicalclic silicate in the sleag. In Slags 7% and °°

the crystals of this subvstaonce are subhedral in form, The pro-

reaaction in concantrstion which tokes wplace owins Lo the

rezse. in iron ana lime content ol vhe slag causew wiie crystols

GO grawually assume the anhedral form, they finally appe=red in

the chilled bath samples mostly in a svate or Fine division

oxices,

hiroushout the structure of the slag., On the otlier heauw the frcs -,

which heve globular form in the earlier slags coalesce il nerge

into lerge irreguldd masses apparently surrounaing anw cceasicnall)

apnesring cmouagst the disilicate masses: .Ln vhe slegs of hishier iron

contbeanv,
hence

The cooling concditions in each case were wiilor,

these photographs illustrate the effect of the reduced satursiion

0l the melt with the molecules of the ortho siliczte of line,

and Lho:,e of the Solld. solution of Feo contcining the upldellcﬂ_u.

)



PLATS XI
XICEC-SIPjaTiiSS OF P «PiiLT CCOLSD jXi310 KELiICS
BATH iL_a3 FLOH IIDHKSDIATS 3TD1 3-3HOLL:TG
SFLSOT CL INGEDiSS OF LFE ATI) IPOIT OXims.

No. 33 Ho. 34 .
EGf.L-fc. 150-11 Hef.Lt. 15C-11
DIOALOIO 3IX:iaATJS MASISSS 111 TBIOALOIO 3ILIOATS CRYSTAL HAS3BS
GEOITTD 1IAS3 001131311X0 MOSTLY IS OOEPOSHS QH.OJIDtLISS COHTALTIHG
OF EESE OXIIBS. E833 OXIXaS.?
BATH 3LA/E 143 BATH SLAG 147
(BTCHED IK DIL.AOTTIC ACID). (STOHED IK OIL.ACETIC ACID).

Ho. 35 Ho. 30
HBF.LT. 150-H TBAK3.LT. 200-M m'
TBICALOIC 3ILIOAT3 CRYSTAL 1 - THICALCIC SILICATE CBI3TAL

2 - FHE3 LB CRYSTAL. ”

, BATH SLAG 15® BjilH SLAG 158IK THIN SOLUTI®

(ETCESD IN DIL.ACSTIO ACID. )



14 8
This was the first slag taken after the metallic bathy was
completely melled.

Molecular
% Composition

810, 20.2 0.3367
A,0;  1.95 0.0191 Becalculation

P05 1.95 0.0137 R R,05 ACIDS
CaC  51.60 0,9212

g0 5.05 0.1247 0a0 0.7375 F3,0, 0.0144 510, 0,2696
¥no 5.77 0.0813 MgO 0.0999 41505 0.0153 P50y 0.0110

Fe,C3 2.88 0.0180 MNnO 0,0654
¥l §.74 0.1213 FeO  0,0972
96.14 1.0000 0,0297 0.2806

The slag structure was not homogeious, ITwo distinct types of
structure were obpserved, Photograpi: No, 33 illustrates tie
appearanoé of tre first which is iuentical with that of the
preceding specimens.

Photograzh o, 34 shews the appearance of lerge cryatals of
rounded outline which have sepzrated from tre grounumess of
Tinely ciffused more deeply etched silicate, These large
crystals were less deecply attacked by the reagent and aid not
Astain as strongly with dye. They apparently consisted of

crystals of the Tricalcic Silicate identified in later slags.

52




Slag 15 8

Thidls sample was drswn 10 Minubtes after aboub 19 Cwts of Lill
Scale had been fed into the bath., The composition of ©the scale
Was:a'

Feo - 61.58

Fep03 = 36.54

S10,

0.80
Mno - 0.93
The slalg snalyses shew: - |
~ Molecules
%o Composition.
510, 16,50 0.2750 Hecalculation
Al50 2,7V 0,0265

(OS]

PO. 2.7 0.,0150¢ RO R.O - ACIDS
275 ) 2 3

Cal  47.80C 0.8535

g0 4,32 0.1067 Ca0 0.6961 TFe,0; 0.0275 810, 0,2243
MNo 6.12 0.0862 1Mgd 0.0870 A1,03 0.0216 P05 0.0120
Fe,0 5.40 0.0338 Mn0O 0.0703

o

FeG 12,96 0.180C FeO 0.1466

(W)

98,50 1.0000 - 0.0491 0.23063

The slag was non megnetic but contained some metal shob.

The polishew surface in reflected light shewed the existeince

of larece crystals of the lighter etcihied silicate, The structure
contv~ining Lieése massive erystals 1s shewn 1n phovogrann Lo, 35
taken at 150 Mags, The suwrrowwdng groundnass consisted free
oxldes sna spinelloids whilch heve coasideratly increassed in thils
specimen, A vecul:erity of thwese large cyystals is that their
euges shew 1n sharp devell unuer the microscope a d are surroundaed
by a dark border in these specimens.

Thotosranh No. 36 is of this slag in thin section in trans-
mitteaw 1ishiv, 1T shewed Lwo Qiﬂtimot.crystaliile CON3TitUenss
arkec 1 ane 2 in the nicrogralh, o, 1 consisted of crysvals
white in colour in cruinary trensunitted 1ight. These shewew no

Cleavagoe/



PLATE xii

1.CiaB;0-STKUCTURS OP BAPIIXY' OOOLSD BASIC FORHACE

BATH 3LAGS - FB.ai IIHISEIKG STAGES OP THE PEOCBSS.

TEANT3.LT 1 °-
(1)

(2)

. 50-H
WEITE CPYSIAL8 AF.E
TPTCAICIC SILICATE.

THE ISOTBUOPIO OP.Y:3TAL3

CILS.

BATH SLAG 15™IK TEIN SECTION.

EETIJSEK GROSSED HIOOLS3.

TPK3.LT. HO. 39
wllITS ORYSTxLS UP TPdCi-ILCIO '
SILICATE. LAPJC APEAS COHTDIK

(a)APHAKIC MATERIAL CONSISTING
J OP PBSS PeO and HiiC.

' (mb)ERCTOTI3H FED GLOBULES OF
TP.ICALCIC PERF.ITE.

{c)ISOTP.OPIC ELGC3-S3I) GPA1K3
BATH SLAGS 19*111 TEIH SECTIOI.

oP
LI11.3 APPEAL LAFY GEEI.-ELACK

QP.OKD IIA33 CONTAINS OPAQUE
OXILES & PED COLONEL SPIAEILT

HSP.LT. 36 10Q-L
TP.ICALCIC SILIOISE ilAS*SS IH
COIiPOSITE GIlIGUHLiasS OP IBEE
OXIXE3 AlI©® SPIHSIICTLS.

B..ITH SLAG 17*
(ETCaiSD lii DLL.ACETIC ~CIL)

THIS.LT. AO. 40 20-L
TPJCALQIC SILICATE CPYSTAL3 IK
SLGVLY COOLED SLAG LASS.
3HCTING EFFECT OF 3L0., COOLING
IK PEGLOTIisC- CKI3TAL GHOvAH.
3L01.LI COOLED SLAG LASS IN THIH
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cleavage traces, vefy low aouble fefraction andAsﬁraight
extinction, Their optical bebavious cdrresponds with that
of the crystals ofafricaloic Silicate separated from finish-
ing slags. | _ |

No, 2 Ofyé%gls in‘orQinary transnitted 1ight were

bfownish yellow ihj§glpur, shewed two fzirly good cleavages.
: . 1an

They exhibited VGry}ﬁEélief” and "roughness" indicative of
very high refractive index. The value of the refractive.,
index consicerably exceeued that of coneentrated Thoulet
Solution (1.73). These grains are usually rounded in outline
but several shewed a distinctly cubic form. They were non-
pleochroic and were isotropic between crossed-nicols, They
belonged to the cubic systen,

Lhese crystals were irreguiarly Gistributed in the section.
They were noticably vifferent from other slag constituents.
Thelr optical properties identify them as crystals o free lime,

In this section tlie free oxiues were opague. FLed trans-
lacent crystals of spinelloid constituents were noticed. but these
were minute in size. They corresnond to similar crystals which
were more abundant and consequently more comuletely observed in
later slags. |

Phobtogrsph No. 37 is of the same section taken at 50 lags.

vetween crossed nicols., IT shews the Tricalcic Silicate (Orystals

i

Gead white in colour, the isotronic lime crystals shiew a dark
eray while the groundmass of opaque.oxides alld rea coloured
spinelloids sppear dead Hlack in the photograph.

No traces of free nagnetite were obéerved although the

sample was arawn soon after heavy additions of Mill Scale.




[

SLAG

16 §

[l

-

Eabh boilin: uriskly. Sample taken 20 linutes after 4+ QOuwts

Scele nad he

5o lNolecular

8i02 16.30
P05 2.50
Ca0 50,00
g0 5.04
Mno 6,12
Fezo3 4,50
FeQ 12,15

99.10

an fed,

Composition

0.2718

0.0245 Recalculation

0,0L76

0.8930 RO

0.1245 Ca0 0,2016

0.0862 MgO 0.0977

0.0281 MnO 0,0678

0,1688 Fe0 0.1329
1.0000

R0, ACIDS
Fe,03 0,0221 Si0, 0.2134
A150, 0.0193 P,0s 0.0L3

0.0414 0.2272

In reflected light this specimen was generally similar in

structure to

the preceding specimen.

glag 17 8

Additional 1ill Scale was Ted to bath beyond the normal require=-

ments so that the effect of these additions upon the slag struct- |

ure coula be examined.

about 12 cwbts had been fed.

%
Sico 15.80
Al2Q3 2.00
P205 2.00
Cal 49,70

MeOo 5.50

MnG 5.97
F9203 4,50
FeO 14,41

99,81

This/

This sample was taken 12 minutes,after

Recal-ulation

Molecular
composition
0.2633
0.0201
0.0144
0.8876
¢.1371  CaOl
0.0841 g0
0.0281 1M¥nO
00,1968 FeO

RO
0.6797
0.1049
0.0644
0.1510
1.0000

Fe,0y 0.0215 Si0, 0.2017

RO ACIDS
23

A1203 0.0154 9205 0.0111

0.0369 0.2128
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This slag examined in reflected light consists of large 3ilicate
crystals in a composite groundness, Its appearance is shewn
in photogravh No. 38 at 100 lags. The groundmass was siuilaxr
vo the of slag 19 3 which shewed the highest iron content of the

series ol finishing slags and which is described in detail later.
SLAG 18 S

At this stage boiling action had almost ceased.

) liolecular
7o Composition.

8io, 15.80 0,2633

A1203 2,00 0,019 Recalculation
P,0;  2.00 0,0141 S
Ca0  49.40 0.8839 . RO Ra0y ACIDS
Mg0  5.33 0.1316  Ca0 0.6795 TFe,03 0,0203 510, 0,2024
Mno 6.04 0,0851 Mg0 0.1012 A1203* 0.0151 P205 0.0108
Fe, 05 4.23 0.0204 ¥n0 0.0654

FeO _14.41 0.2000 FeO 0,1540

99.21 1.0000 0.0354 0.2132

In reflected light the microstructure of this slag was identical

“with 17 S and 19 8.

SLAG 19 8
Boiling action had almost completely stopped. The carbon content
of the bath metal was 0.05% The analysis of this slag shewed an
increase iﬁ iron:oxides and magnesia, The amount of Silica had
been reduced by dilution while the lime content was maintained by
inerement from the dolomite of the hearth and banks since no addit-

ions were made to the bath,

/



. Mlecular
# CQomposition.

14,00 0.2333

AlgOQ 1.72 0.0169 Recalculation

P,0; - 1.72 0.0121 RO R,0
Cal 49,70 0.8876

ACIDS

g0 6.42 0.1585 Ca0 0.6659-  Fe,03 0,0249 Si0_ 0,1750
fikelc) 5.58 0.0786 Mg0d  0,1189 Al50
Fe O3 5.31 0.0332 1n0 0.0589
¥e0 15,00 0.2084 FeO 0,1563

99.45 . 1.0000 0.0376 0.1.840

0.0127 P05 0.009C

Photograrh No. 238 illustratestie appearance of the last three

slags in reflected light, The crystals oI tricalcic silicate

were of large size, bub the groundmass was complex and little

resolution could be effected by this examinabion. ' %
The appearance of a thinsection of basic slag in trens-

mitted 1ight is most inadequetely shewn in a photograrh becouse

‘of‘the aifferences in diaghraneivy of the consbtituents.

Photogravh No. 39 is of this slag in thin section at 50

| Mags., The crystals of Tricalcic Silicate shew white in colour.

-The groundmass apnnears aead black inh the photograph Tut exhiviited

a heterogeneous aprearance uwnwer theé iicroscope in transmitited

light, It was cryptocrystalline, while aphanic components were

also disceraivle.

(1) APHANIC LinTilIal: Thiz exisved in lrresulsl maSse3 uneven-
ly disbribvubsd between theserystalline components of ths section,
Its neture <id not appear to be that of a ceront 2s it ¢id nobt form
g Dbounualy between thé Zrains, It increased in zmount to an
exbent which corresnonded to the percentage increase of IeC in the
Slags of the series, and to the dead white material appesring in
sections examined after etching by reflected light.

3ausvance
In finishing slags this opague was quite black in colour Dby

o : R e iand im0 ot
incident light and resembled that noticed in 1~ which contained

50%
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50% Feo, In slags 7‘ and 8 where the percentage Iin0 excecded
that of Fe(, similar material had a distinctly greenish tinge.
It was concluded that these opague messes contained most
of the Fe( andG the MnC in the slag. The magnetic nature of the
early cinders sugzested thwetv cerveln spirellcoids must wlsc exist

bhierein in a state of solid solution.

(2) CRYPTC CRYSTALLING CCMPCLRITS:

(a) Redaish to brownish red globules were observed,
Cccaslonally the same material had an irregular shred-
like appearance, This substance was doubly refracting
and shewed refractive indek and befringence values which
carrespond to those of the constiltuent identified as
Tricalcic Ferrite,

1n some cases the colour of these glbbules varied
through orownish red to a subtramnslucent red avvroaching
Plack. Apparently they were not uniform in composition
and the varliation was probobly due to the presence uf FeC,

This constituent was quite absent in the csase of
slag 78. It had increassed in amount in the nmore highly

basic fiuishing slags.

(v) Very dark suttransiucent Dlood-red grains occas sion-
ally shewing octahedral cleavagze traces were observed, These
Crystals were crbropic betweelr crossed anOlS, anG were
tlius distinguished from those just described. These greins
were minube and everly distributed. Their small size wre-
vented further discriminsbtion.

They were not noticed in any of the earlier slags.,

SLOWLY JOCLED SLAG 229

‘The slag from this charge was allowed to cool slowly in a
large Tlock. Sections of this sleg were examined hy reflected
and tfansmitted light. The thin section at %O Mags., in shewn
in photograph No, 40 The chief ¢ifference bvetween the quickly
cooled Twath slagAénd this section was 1un the increased size of

the/-




the crystelline constituents, Optically the commonents

were icentlical with those observed ond describved in ohe case
of tre finishing sleags. The slower cooling Gid nobt npreduce
any alterations in the constituents observed in the rumldly

" chilled slazs and no new forms were noticed.
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NV ATE TIT AT T v g tm o e T
SAATTHATTCT OF N7 BASIC HBARTH,

The analyses of 3laxs 173, 188, 193 shevw Lihat alithoush
dijution had occurred as a result of the increase in iron .
oxide content of the slag, The percentage of lime was maln-
tained while the magnesia content had incressed.

No additions were made so vhese incresses had come irom the
Basic Hearth.

In practice the Slag make depends updn the guality and
‘amount of the pig iron in the charge, The minirum anount
necessary is usually aboub 124 of the weight of the charce,
The consumpt of the wolomite felttling waries with the working
conalitions from aboub 50 to 70 los, per ton of steel produced.
The nature of the hearth therefore must exercise a considerable

inZluence unon the slag.

The durability of the hearth derends upon the corrosive actiocns
Lo which 1t is subjected anu the temperature maintoined while

bhese uébions are in yrogress, The campalgn may extend Lo up-
wards of 14 weeks, during which time hearth temperatures sclaom
fall oclow lOOOOC. The normal working temperature is in the

o} e
neishoourhood of 1500 C while the maximum excesds 180G C. wuring
the czmoolgn the slag is in iutimave contacst with the hesrti,
In peridds of sctivity the v1u0051ty of the slag will tcnd ©o
increase at the expense of tie hearth, while wesr ol thwe siiiclous

vortions of the furaace structure due vo attack ny hotv ferro-

.

geneous fune must 2180 react upon the hearth,

At working bewmperatures the hearth exhinits the charncteristics
of an extremnly viscous (luid. his can be observed by exanin-
avion of the "lines of Flow" on sam )1@0 obtainew by Torcing a
hollo tube atout 1" Dia. inbo ohe banks or bobtiom Lerore
fettling becsins. The specimen, usually abouu 3% long, can be
Witharewn wivia cool,

The chaslesl anclyses of thwese tesus shewed consiuerayle
Variztion in composition alvheugh the prineipal coumonents

were,
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were lisgnesia and Ferric Oxide, The lime content was 1low.

Specimens obtained in this way were exanined in refliccited
4
A

lizht., The structure resembvled that of an inbtensely hurda cliwer

-

and no cryscalline components were onsarved.
Bxaminstion of the Iiesrth when cold shewed that higlhy tom-
peratures malntalned over periods of 2000 hours haa resulvew in
the Tormation and segregation of cousbtlibuents in crysital “pockets"
throu hiout the hearth. The time factor had replaced that of
nobility in securing crystallisation in the viscous mecia,
Crystallisation was most complete at depths exceeding 4 inchies
from the working hearth‘surface.'
The constituents described were ,ibtained from uniform
crystel masses in the basic furnace bottom, the original vomvositidon.

of which consisted extirely of high grade English Dolomite,
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No. 42
OELICiU3.LT. 50-L, OELIQJIS LT. 50-M
OOLUiaTULA SLACK CEYSTALS. COLUIEIULAE BLACK CRYSTALS
SX BASIC EUP-EACE H3ARTH. SX BASIC EUEEACB ESATH.
No. 44
TEAKS.LT. A 150-M TSAES.LI. 150-H.
TKANSPU 'SEi COLULITCLAR GCLL3E xCLLO'.I" GEiSLviS (0)
ILVGILSSIUK-IiSTA-SILICA'rS-CaySTAiIS 00C.-i3ICNALLI A33GO0IGT33 v.TTK
,  (CETHOEECLIBIC) . . irAGirSSIUH-IISTA-SILICArS (B)
(SX EA3IC IUPEACS II3AP-IH.

(SX BASIC FJT.:ACS K3A&TH. )



BLACK O ,LU*I«LL\LJL Hlml?T;I CRYSTALS.

Photograghs o, 41 and 42 sh wl@l“,aDDedT nee in
oblique light ab 50 Hags, They vafied in size up to aboub

10 m.m. long.
In reflected ll€nb Duey Jhewe& a brillicnt lusitire and

were jet black in colour. They were Haru andg faintly

magnetic, They commonly shewed Qarallel growth where corres-
pen.ing eages, faoes and exes were paréliel. They were normalhr
well aevelcoped and almost.ffée from extraneous matter.

The chemical analyses shewed: -

Analysis No, VII

% - %gigggigion
810, 3.60 00,0586
41,0, 2,43 0.0238
Fezo;' 34.39 0.2146
FeO 9.48 0.1316
Mno 1.50 0.0211
Cal 41,30 0.7375
Hg0 6.84 0.16€9

The composition approximately corresponds to the formula 330.3203
where RO is chiefly lime and magnesia, and.3203 chiefly fervic
oxide,

In transmitted light the crystals were opagque. Orystal
fragments in ﬁhin section were red.ish in colour., The refructive
index was high, They were doudly re fracting between crossed nicols.

In the direction of the principal axes the extinction angle
Was straight bub was inclined with certain orientatiocns not
exactly defined. The max1mun pefringence value observed was ©,02

hese crystals Giffered somewhat from those of Trlcalclc Eerrite‘

Obbained from nbo 31ags, They wcre slightly magnetlc and contained

9.5% Fe0, Their opbical properties werechowever generally similar

and they apparently consist of an impure form of the same constvit-




This subsbance was quite frequently observed in the
excminabion of the hearth, Its composition indlcutes tle
selective actvion which ferrogenéous Slags must exercise upon
the dolomite. The rela‘oively low MgO content explains the
. superiority of the purely magnesite hearth in resisting the
destructive action of slags of high iron content.

/
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TRANSPARENT COLUIINULAR HEARTH CRYSTALS.

Photogragh ilo. 43 tezken by tramsmicted 1ight at 150 .3,
siigws crystals ovbained in the hesrth at a depth of out 12
inches below ke normnel slag contact faoé.

They varied in colour from a clear to a very faint yellowish
wiiive, They were transparent and exhibited a cheracteristic
pearly lustre anu fibrous cleavage.

They sank slowly in concentrated Thoulet Solﬁtion (Sp.Gr.3.l7){
They were free from inclusions and extraneous hearth material. ‘

The Chemical Analysis shewed: =~

Analysis No, VIII:-

Molecular
Composivion.
Si0,  52.50  0.8750
A1203 0.20 0,0020 Recalculation
Fey03 10.8C  0,0575
FeO - - RO R, 03 ACIDS
10 1.40  0,0197 Ca0 0.0599 Al,03 0.0023 310, 1.013
Ca0 2,90  0.0518 MgO 0.9173 Fe,05 0.0781 '
Mg0 32.10  0.7925 o 0.0228 - i
99.10 1.0000 0.0804 1.013

Most of the crystals shewed incomplete development as in
"A" of the phobograph., Certain of th: crystals exhibited roughly
elongated prismatic development with partial striationalong the
rrism faces,
The refractive‘index was 1,65 In polarised 1 ight they'

were plechroic. Between crossed nicols the extinction was

straight for :11 the orientations examined. The douvle refractioné
Was low,

The'figure in convergeht polarised iight was biaxial. These
tests insicated that these crystals belonged 1o the orthorhombic

Systen,

The chemical analysis shew that this subatance is a magues- |
lum meta-silicate containing ferric oxide.

It/ . o R |




silicious material from the
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It 1is apparently formedw s bhe result of the action between

1 eartly,
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YALLOW=-HSARTH CRYSTALS.

In photograph No, 44 taken at 150 lMags. by trensnitted.
light the appearance of zolden-yellow coloured crysials is
illustrated in the specimen marked D.

Wihen observed they werc assoclated with the transparent
columular crystals C.previously described. They were not ob-
tained 1ia sufficient quantity for analysis.

The colour was characteristic. They shewed perfect
cleavage and very marked difference in éhsorption or polarised
1ight .along the principal zone. Microchemical tests shiewed
the presence of Silica and llagnesia in large quantities.

This subtstance was not identiried but its occurrence
along with the magnesium meta-silicate described, suggests that

it is probvably a modified form of the same substance.
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Note on the Microscoplc "xaninotion of Steel Zath Samples.

A serlex of metal vath ssiples was taken concurrently with
bhe seriles of slag sanples zlready described.

Experience nad shown that the rolliing quality oi the steel
apparent ly depended more upon the conposition or constitution
of the slag tr~- upon the chemiczl comvosition of the steel
indicated m;émﬂyses.

An atvenpt wes made to trace the effect of the grawal
change in slag constitution upon the microsiructure of the
steel duy;ng the progress of the refining reachbions.

In phobograph No., 45 the unetched structure of bhath
saimples 1% (C0.045 - Un0.02) at 100 Megs. is shown. This
sample was taken from the Tirst Tormed 1iguld scrap in the
bath.

It contains numerous specks sibtuated mostly along the grain
boundaries. In appearance it resembled closely the sections

-

illustrated by Tritton and Thomson (18) in Plate V - pholo-

igraphsNosg, 12 and 14 of theilr paper.

Bath samples are seldom wholly free from such inclusions.
In colour these specks were dark blue in relflected light. They
were treated with 2% Hydrofluoric Acid in alcohol since.
sulphides and silicates are darkened by this treatment. The

method recomuended by Comstock for the differential etch of

4ns vy means of boiling sodium picrate was also used. Nelther
of these treatments gave distinctive results.

lcCance (17) has nobiced bhat in soft basic steel the
composition of hard black inclusions consisted of 94.5 lianganous
and Fervous Oxides. In this case the Mn. was only 0,02%. It
was concluded that these inclusions must consist mostly of
an oxide of irom.

Tritton and Thomsen (18) have shown that the soluability
of Oxygen in pure’irQn at 15300 0. is 0. 21% while evidence of
liguid immdscibility of oxide of iron and iron beyond O.21%
oxygen is also given in the paper.

J'W
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tveel tath, however, the licuid mebal contains
‘carbon ond manganese, The soluabiliby of oxygen in iron
containing thece elements is net nown.

in the specimens taken from the steel bath therefore the
oxide noticed may coneist partly of material deposibed from

solution -2 the coeling of the specimen 2nd partly from

‘were culb and sectloned so that the effect of chill on the edge

of the specinen could be examined. he microstructures divided
the specimens into bthree groups.

Group 1 - Consisted of Nos. 14! to 19® together with those of
14 and 3% taken during the early stages. In this sroup the
ferrite constituted the greatest mass and enclosed the pearlite.
In specimens containing less than 0.13 Cerbon tne pearlite
occurred along the grain boundaries.

Group 11 - Comprised specimens 9 to 13W. Where pearlite formed
the greatest mass and ferrite formed the surrounding nebwork.
Group 111.- In specimens 471 to 80 the grains consisted of
euteéboid pearlite surrounded by a network of free cementite.
This group all showed needles of lartensite, well developed
nearvthe edge of the samples,

Centain features were common 0 each group. The inclusions
noticed in the case of 1 presisted in somewhat reduced amount
up to 128, Although the carbon content in the bath metal
reached a maximum 1.35% in 6% no merked reduction in the amount
of the inclusions.was noticed unbtil the steel bath reached the
completely melted stage. The FeO oontént of the slag had fallen
from 50, 14% in the case of 18 to 2.91% in the case of 8% ang
agein risen to 7.29% in 125 vefore any reduction in the aiount
of the inclusions in the metal was discernable.

In specimens 13% ta 183%™ the number of oxide specks was
greatly reduced. In 19% they again apyreclably increased in
number, |

In all specimens most of these incluslons were situated
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situated along the grain boundsviss., Their

occurrence did not

appear directly wrelaeted to elther metal or slag composition in

the incoupletely melted bath. Their elimina*ion from the
mebal however coincides vwith tlie decrease in slag acldity in

tre completely melted bath which accowmpanied the increase in ]
lime content in slags 14°, 159, ete.
The increase in the nuuber of inclusions noticed in 19™

can be accounted Tor by the increase in metal oxidation whicl

occurred in the almost coumpletely decarbpnised bath. |

In the case of8% the slag contained only about 3% FeO and
over 1% Carbon existed in the metal, It was evident thali Y
existence of Carion in the vath mebtal when the slag is relat-
iively acidic in cherachber had 1little action upon thelr
elimination. |

It follows therefore that since the Carbon of the bath
mebtsl did not aporeciably reduce the extent of the occurrence
of this substance the 1atter cannot wholly exist in solution
in the molten metal. These oxides existed largely in the
"free" gtate in excess of that solution saburatlon which the
metal poscesses at the vath venperature

To investigabe the reasons for the occurrence of these
oxide specks at the grain boundaries samples were taken fram
different charges of similar composition at the fl is

izhing
melt,

L)

tages of

the
Table No. 5 gives the composition and treatments in each

caseis
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TABIE INo. 5

axk. gaxbon. lianganese. Remarks.

AW 0.05 0. 15 Water quenched while steel
Mguid,

B W B 0.05 0.15 Slowly cooled under slag.

A X 0. 09 0.15 Water quenched while steel

: liquid.

B X 0.09 0.15 Slowly cooled under slag.

AU 0.08 0. 18 Water quenched while sbeel

BU 0.08 , | 0. 18 Slowly cooled under slaz.

AT | 0.08 . o0.21 Water quenched while steel

BT 0.08 0 0.21 Slowly cooled under siag.

A J 0.08' : Q.24 . Water cuenched while steel
liguid.

BJ 0.08 0. 24 Slowly cooled under slag.

1G 0.31 0 0.21 Water quenchcd while steel
dguid,

2 G 0.31 0. 21 Slowly cooled under slag.

3G 0.31 - 0.21 Ifetal shaken while ligid

and wabter quenched.

'

In the water quenched specimens the oxide speck®s in each
case existed in réduced smount and were evenly distrivuted
throughout the crystal grains. ln"t;he specimens slowly cooled
under the slag the specks occurred mostly around the grain
poundaries.

No difference in the amount of inclusions was noticed with
the slightly higher lManganese content.

The distribution of this material along the grain boundaries
was apparently the result of the mode of cooling. Tritton and
Thouwson (18) have shewn that the soluabilibty of Fel in moiten
iron is appreciably greater than in the solid state. On cooling
therefore, that portion of the FeO conbent which is not in

solution will increase with a corresponding reduction in the

amount,/
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amounb of aissolved oxide. The concentration of the oxide at
the grain surface must reach the stage of supef-saturat;ln
tefore that of the interior of the grain., The Tirst- formed
neuclel would tend to form the basis of further deposision in
the case of the slowly cooled specimens =o that deposition
tended o accurmlate arocund the grain boundaries. |

Certain differences in structure, the result of different
conling conditions, were noticed in the etched specilmens,

In photograph No.46 taen at 60 lMags. the appearsnce of
the edge of the slowly cooled specimen 2 G iec shovn. Photograph
No.47 is of the inberior of the same speclmen about %" Trom
the edge.

Pronounced segregsblion had taken place.  The effecté of
chill Trom the sample shoen upon the liguid webal resulted in
the formation of *chill crystals" of ferrite and‘reduced
nearlite concentration at the edge of the specimen.

In photograph No.48 is shown the sample 1 G teken from
the Dath at the same time as the previous specimen =nd similQ
iarly etched. The water quench of the 1liquid steel had
produced a marked dlfference in structure. Segregation was
practically absent. ‘The grains were uniformly sortitic in
character. Along certain of the edges of the grains dark
areas apparenbly troostitic in nature were observed.

The vath samples examined caonwonly showed nunerous blovi-
holes. The distortion produced upon the surrounding structure
was particularly marked. This effect is illustrated in
photograph No., 49 which shows samplé 17 taken at 56 Magnific-
iabions., The deep seated nature of the effects produced upm
the steel structure is evident. 1t seemquuestionable if
such effects caused by interior blowholes can be removed by

subsequent heat treatment, as has been frequently suggested.




CONCIUL LONS

In these slags the phosphorus existed wholly as
Tlaorapatite; no traces of silico-phaosphate combinations
were ovserved.

Other crystalline consbifuents consisted principally of
the oxides CaQ, FepO3 and 8103; in certain cases Mg0 apparently
partislly replaced Iime. |

The earliest combinations resulted from the oxidation
products of the scrap and ﬁheir combinatlions with lime.

The existence of lime-iron oxide coumpounds in basic Dessaner
clags was nobliced Ty whead (7) vub the isolabion and ldenbifi-
‘cation of a compound approximeting in composition to 3 Cad-
Fep03 has not hitherto been secured frowm open-hearth clag

Hilpert and Kohlaeyer (19) identified a sabgbance of this
composition in thelr exawinatilon of the system Cald - Feplz. On
the other hend the most vasic calcium ferrite found by Softean
(20)

and ierwin h2d the composition 2 Cald - Fey03,

oy ]

This tribasic ferrite was obgerved in bath samples wher

[

the slag was strongly Pasic in character, viz: at the beginning
and towards the end of the refining stages.

It was not noticed in slags taken during the interwmediate
sbages when the character of the slag was relatively acidic.

Its appearance in finishing slags coincided with tast ofv
bricalcic silicate. Its formablon apparently depended upon
the availability of the lime esseublal bo its formsblion, 1l.e.
upon the ordsr of the slag baslclty.

n this connechbion definition of the teras used here in the

—

congideration of slog oonsbibublon, is desiravle.
pagicity is the exuression of the value ovialned by
dividing the wum of the molecular ratios of the

nd Mgd present, by that of the compenents with which these

QA
&

pases were Tound o entcr into an. appreciaocsle comtinsiion

p;

viz, Po05 5105 and Fe 05,

o
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(2) At 1350° ¢ Fe,03 changes to a magnetic oxide with a lower
oxygen coanbent. Magnetite was not observed in the slags,
- therefore bthecombinatlion of iron oxides which cxists ab
steel making temperatures should be designated Fe203x Te Q
It 1s the Fep03 in this combination which is referred
to as "free" in order to distinguish it from the ferric-

oxide found to be in combination with lime.

GAS OXIDATION -
The anelyses of the slag series on Table No.3 shows
what the amount of ferric oxide _was  reduced from 13.6%
in slag 1° %o a minimwm of 0.9% in 8§; thereafter 1t
rose 0 5.3% in 195 the last slag of the series.

This varilation corresponds with that of the slag
basiclity. The oxidising effect of the furnace gases had
Tormed FepOyx Fed from the bath metal through the medium
of the slag, since little direct oxidation was possible
except during a vigorous boil, and the variation does not
directly correspond with thg.oxide additions.

Tritton and Hanson (18) have shown that Fep03 x FeO in
the presence of iron ab 15300 C results in the formation
of Fel according to the eguation.

Fez03 plus Fe = 3 FeO
This reaction does not proceed to completion although
the equilibriunm cohstant increases with the temperature.

At steel making temperatures the oxidising effect of
the gases which results in the formation of further Fey03
tust be checked when lime is available for the stabilis-
;ation of the ferric oxide, with the formstion of the
caleic ferrite compount observed in the slag.

when lime is not available for this cogbinaticn then
oxldation of the impuritiés in the bvath and the iron of
the bath will proceed by the reduction of the ferric oxide.

1t/



It appears certain that the lack of requisite basiclity is
the prime cause of gas oxidasionm, apart from the similar
effects produced by low bemperatures.

Goe oxldation of the charge is the source of many of the
practblcal difficultiés experlenced in the control of the process,
No explanation has hitherto been advanced which satisfactorily
meets the apparently anomalous results which occur under working
conditions.

Whiteley (6) has stated that "Gas oxidation should increase
with the basiciiy® of the slag. This view éppears erroneous

‘and 1s not in accordance with the obsarved facts of practice.

Thus, a déficiency of lime in the slag is followed by the
commencenent of the boll without ore additions or by a "soft
melt" where the carbon has almost disappeared Lrom the metal
before the vbath is completely melted.

Steel made under such .conditions shows large amount of
non-meballic inclusions and 1s fregently "red chort" when
rolled. ’

An increase in slag acldity from any source - hearth
structure, impure ore, etc, will therefore tend to increase
the gas-slag reaction because of the reduction in basicity.

It follows also that in normal keenly working furnaces, bthe
extent of the logses which occur from gas oxidation can be
controlled by adjustment df the lime content of the slag. The
realisation of this fact is of considerable importance in
practice since the losses inarred through gas oxidation
increase with surprising rapidity and may account for an

appreciable precentage of the charged weight of metal,

¥e03in Basic Slag;

é . .
Whitele§'ﬁad suggested that Fep03 plays an important part
in the oxidation of the bath impuritles. These invesblgations
show however thatin a slag of correctly adjusted basiclty the

Fep03 is in combination with the lime,
The/




The experiment upon which

based was repeated,

Two bavh slags were drawn

1

c 118.1"5’3" S,

No.1l was taken near

verfectly quiet owing to breast erosion.

~

the conclusions of Whiteley are

simultaneously from a normal

the door where the bath was

No.2 was bvaken in the interior of the furnace where a 1lithle

bolling action was in progress.

The analysis of the two samples was as follows:

8105
Fel
Fey0q
Al03
in0
Gcal
g0
P 20y

Ratlo:

Analysis No.

%

14.40
12.31
5.04
2.15
6.50
44,20
7.80

6. 14

98.54

X

Near Door.

Molecular
Composition.

0. 2400
0. 1710

0.0318
0.0211
0.0727
0.7893
0, 1926
0.,0432

ca0 plus teg0

Po05plus S102 -

3.47

,8102

Fe0
Fep03
Al503
llial0
CaQ

lig0
P20s

Analysis;No. X

4% Ft. within Door.

% Molecular

Composition.

14,60 0. 2433
13, 11 0. 1821

3.77 0.0236
2. 10 0.0206
6.50 0.0915

43.90 0.7839

3. 06 0. 1990

6. 14 0.0432
98,18

Ratio:

Ca0_plus Iigd
Po0gplus 5105

The analyses corroborate those from the same experiment

- e s s - A 4 4- ‘
made by Wniteley, Viz; the Fep03 in the sample taken nearer

the door was higher than that taken from the interior of the

bath.

Whiteley attributed the lower ferric oxide in the

second sample bo the activity of the Carbon reactlon within

the vath.

In the writer's experiment a sample of beth metal was also

taken within the bath.

-

The Carbon content was 0,05%. It is

not possible in the basic furnace to obtain a perfectly quiet

vathy/

= 3.41



bath even altiliough in this cose the metal was almost
completely decartonised snd the elinination of carbon

nad ceased,

0

Tre increased amount of Fe,03 shown bty the analyses
of the Tirst sample must therefore ve attrivuted to the
stavilisation of the ferriq oxide which results fiom the
increased basioity of.the slag adjacent to the furnace
bresst.

Recalculeat 1on of the analyses given in Whitelgy's paper
also confirms this explanation. Such evidence offered to
support the view thet Fep03y in a n01ual slag plays an

ssential pert in the oxidation of impurities, is therefore
inconeclusive.

Influsnce of Temperature:
The influence of atmospheric oxidation on basic slags

at different low temperatures is indicated by the following
experiments, . |

A quantity was ground to & fine powder and analysed.
Its analysis showed:- |

Analysis No, Xl

%

5105 11.40
Al203plus P205 4,22
Fe 0 : | 23.91
Feo0q ~7.50
1n0 6,50
ca0 - 40,00
Ng0 5.33

98.86

Quantities each consisting of 2.5 grms., were spread in
a thin layer in an open containeﬁ._ This was placed in an-
open electric furnace and heated for 30 mins. Successively

increasing temperatures up to 1250°C were employed. The

increase/




iacrease in weighﬁ wassmeasured after each treatmenﬁ. The
resulis are given in Taple:-

. Recidual
Spec-  Temper- ?gégggse in%rease galc%égted. ?egvfound
tioen, ature. in grms., in Welghb. oxidised. anaiyses.
H1 4009¢ 0. 0014 0.056 0.504 22,51
H2 520 0,012 .500 4,500  19.49
H3 540 - 0.0168 672 6.048 17. 37
H4 600  0.0404 1,616 14,544 10, 29
HS 700 0.0760 3.040 27.360 ? Nil
HEG6 800 0.0908 3.632 32,688 ? -
7 900 0.0964  3.856 34,704 7 -
8 1000 0.09380 3.920 35,280 ¢ -
E9 1100 0.0974  3.896 35,064 2 -
H-lO 1150 0.0950 3.800 34.206 ? -
H 11 1200 0.0938 3,748 33.74 2 -
H 12 1250 0.0916  3.664 32,98 % -

The total FeQ conbent of the original slag was 23.914.
'Agreement exlets vetween the calaulated amount of Fel oxidised
to F9203 and bthe residual amount found by analyses up to a
temperaﬁure of about 540°C, Above this temperature the
increage is greater than can be accounbted for by the resction.

4 FeO plus QOp = 2 Feply
The amount of oxygen required to oxidfse 23.91% Fel to F9203 is
2.057% The maximum increasge in welght was 3.92% so that 1, 263%
Oxy.gen remains unaccounted £or.

Tue slag coubtained 6.5% 1nO. - .Thils excess galn in oxygen by
the slag approximates that required for the formation of LnOp.

Above 1100°C. the slag vecame distinctly magnetic and this
change was accompanied by a decrease in weight up to 12500 C,
~ the highest temperature reached.

It is apparent therefore that the amount of ferric oxide found

vy/  w;w,ﬁﬂ




by chewical analysis must depend to some exbent upon the
conditions under whichthe slag cools. In normal bath slag
samples the time-temperature sradient ie 1sua11y-steep,
above 540°C, so that ferric oxide iz not Tormed to an
appreoiab¢e extent in uhis wWay .

In rapidly chilled slags FeO is the oxide of ircn which
occurs in the greater amount. The dissociztion pressure of
FeO is less than that of Fe304 2nd the dissociabion pressure
of Fe3z04 less thén that of Fep03 consequently, as the slag-
heating experiments indicate, when the bath teuperature
increases the less will be the tendngyfor the oxide with
the higher dissociabtion pressure to exist, cince the most
stable oxide will ®e thabt with the lowest dissociation
pressure.

10V BATH TRPERATURES ;

It is well khown to the furnaceman tha?b low bath temper-
;ature promotes increased gas oxidation at -all stages of the
process and resulbte in an increace in the FeO conbtent of
the slag, | B

Ia pracﬁice this increasge is zlways checked by lime
additions; if possidle the bath tempsrature is raised and
recarburising agents added.. The avidity with vhich slags
formed under low temperature conditions can absor®t large
guantities of lime is explainéd vy the formation of the
Ca0 - Fep03 constituents described.

It also supvort s the belief that in such slags Fep03y
unless in combination with lime must be the medium Tor the
oxidation of the hath netal. No other reaction which vwould
account for the lose of iron seems possible.

HIGH BATH THE.PFRATURES:
on the other hand =2t the higher temperatures of steel-

:making the tendency for the formetion of Fep03 must ve

reduced owing to the instadility of the oxides of the hi her

dissociation pressure as the temperature rises.

At/



AS higher temperatures with the normal limey slag any
Fep03 Pormed will combine with lime; conseguently the lossss
incurred Ly the gas-slag reachion mush be reduced.as the
result of high temperasture high slag basicity.

Under these conditlons the control of the reactions
which determine the elimination of iwpurities will depend,
apart from the time factor, directly upon the oxide
additions made to the bath by bthe operator. This elimination
under these conditions must then depend entirely wgon

the FeO content of the slag.

The diversity of opinlon, comwuented upos earlier, which

.
e S
axists re

arding the nature of the medium of oxidising acbion

in the steel bath, is explained oy the fact thet this must

vary according to the prevalling conditions of slag composition

and bavh temperavure. .

These conclusions bpased upon the foregoing experimental
investigatiohs permit the conditions %o be thus defined -

(1) In a slag of sufflcient basicity at normal high bath
Lemperatures the ellinination of impurities must depend
entirsly upon the Fel content of the slag.

(2) Fep03 can also function as an oxidising medium when the
vasicity of the slag is insufficient to meet the reguire-
:ments of the acids. Iow bath temperatures promote this
increased demands for lime, ’
The control of the reactions which govern the elimination

of impurities ﬁherefore depends upon the operator securing the

~conditions of correct»basicity andvof'high taaperature.

Correct slag basicity nececsitates lime in slight excess
£0 what-ever amount may be required to sabisfy the requirements
of those components with which it enters into comdination.

The déte.mination of the relationships which exist in the

slags between the components is therefore ~f prime importance

in/ .
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1 this connechbion.
The caba obtalned regarding hHhe nature of these combin-

ati

o

.

ns is detalled earlier in this thesls., It supplies
evidence which pernits the spproximate definition of Lhat
degree of slag baslicity essentlal vo the aqcurats control

ol the refining reactions.,

In slags 75 and 8% crystals of a substance corresponding in
couposition 4o the compound 2 CaQ. 8105~ were observed. Its
optical properfies identify this subst ance with the high
temperature form of the orthosilicate of lime noticed by
lessrs Ranken and Wright-(ZI) in their examination of the Cal-
£10osysten. |

According to these viriters thisOGform cxlsts above 1420°C,
fbelow this temperature it chenges reversibly to thelﬁ - form, |
which also passes reversibdly at 650° %o the ¥ - form accompanied .
vy a change in volume which shatters the coizpound to a Tine dust.

The «-form is characterised by intricate twining which is W
absent from the}B - {form. In the rapidly chilled bath sarples
it was this o-form which was observed. The clag analyses
indicates that the crystals msy contain some magnesium replacing
tne caleiun,

No traces of the double compound Monticellkite (020-iig0)-
SLOé were observed in any of the slags examined. In magnesium
silicate crystals obbzined from the basic hearth the lime content
wios surprisingly low. It scens unlikely that the double salt
exists abt steel-bath tenperatures.

The degree to which the orthosilicate of lime can hold the
analogcus}magnesium cilicate in s°1id solution is not known
The crystals in thése slags were opbically uniform and no trace
of the compound Fosterite (2'Mg0 - 8102) was observed.

'ﬁ;gg;gg?%%s pointed out in connection with the melt diagrams
of 0a0 and MgO with $kOp that when the orthosilicate in each

case/
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case separates out from a melt or its own composibion “he
addition of small qu2hu¢tlns of lime and silica suffices
to Pr roduce marked alberstions in t'e melting point. The
'Tﬁ“CthH 1s almost quantitive in the liguid panse and it

ls certain thet the new compound is very sperinsly dis-

:sociated inbto its component partc.
In thebe slags hcrefore the orbthosilicete of lime
can be rezarded as a fundamental compound.

The orthosilioates of Iron and Hangenese on bie obher
hand differ from thove of lime and maznesia when thus
examined; The addition of their compenents produces no
grest variation 1n nelbing point, so it is provedle in these

ca

C(l

es that the rbavulonc are incomplete wien eguilivriun
sebs in, and that oertaln percentagzes of the original
substances remain.

Mclance (4)vhas cuguévted on physico-cnamnical grounds,
tnat vhere no dissoclation occurs a slag containing (a0,
Feo, ¥n0O and SiO, should contain that amount of each silic-
iate which is proportional to the squaré of the concent-
:ration of the respective oxide.:

The congidsrations outlined avove, however, indicate
that 1t dis improbable that any appreclable amount of the
silicates OL lron or M@nganese can exist in rapidly cooled
basic slags owing to the dissociation which occurs at
steel maicing temperatures. |

The existence of a substance approximating in
composition to 30a0.8i0phas not previously Deen obse ved
in basic slags. Ibs oocurrenbe must nodify the views
comionly accepbed regerding the amount ot lime necessary
to satisty the requirements of the Silica.

Tre opticel data of the slag constibuent agress with

that of the synthebically prepared compound of Hessrs Rankin

and Wright (21) excenpt that in this case the extinction =nglg:

vas straieht and the small angles noticed in the synthetic
crystal were nob observed. The results obtained also

indicate/

I
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indicate that this slag crystal belongs to the orthorhombic
system.

Ihe appearance of tricalcic silicate in slag 152 wos
accompanied by an lncrease in the ferric oxide fouhd by analyses,
evidently the result of an increase in the lime available For
the sbabilisabion of this oxide. |

Slag 145 suggests that apparently 2 Ca0.8105  and the
compound 3 CaQ.810, . can exist together in the same élag.

It is probable that in basic slags the formation of the
orthosilicate preceds thet of the tribvasic silicate. The esrly
slags in which the orthosilicate was characteristic,were
viscous and thick, while they absorbed lime with difficulty.
Slags which contained tricalcic silicate were relatively more
fluid:in the bath.

o The exact action of fluorspar is not definibvely known. Its
effect is to hasten the solubtion of undissolved lime and thus
promote combination. When added in excess to the slag gas
oxidzbion increases, the slag loses basicity and further line
additions are necessary. Observations:suggest that the
fluorine gradually becomes dissociated as later on the slag
becomes thicker and further spar additions may De necessary to
maintain Tluidity.

The addition of fluorspar to the bath in these experiments
was followed, first by the formetion of dicalcic silicate, snd
later by the formation of tricalecic gilicate and tricalcic
ferrite. The mineral Apatite was alcso observed.

It therefore appears certain that the requisite degrees of
basicity essentisl Tor satisfactory control of the process is
not reached unbtil the slag assumed an esseﬂtially tribasic
charscter towards the aoidic oxides in contains.

The accuracy of this conclusion has since been vonclusively
proved oty bthe improvement in practice which ensued from the
applications of these considerations to the control of open-

rearth furnsces under/
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under the charge of the writer,

3 '1*‘

The study or low phosphorus slags containing Fluorspar
Was graduélly found to consist largely of the exeminobtion of
the system Cad - Fepy03 and 510y since FeO is "free" =id bthe
phosphorus exiébs independently as apabite.

¥o work h=s Dbeen dome on this system. The existence or
compounds apﬁroximatin& in composition %o 3ca0.8102 and
30a0.Fe203 tog etner with the fact unat QGaO.Slog can also
zxidst in these slags suggests btuat this system is closely.
analogus to that of the system (a0 - Aly03- Si0p investlzeted !
by Ranken and Wright,:
Comprenansive examinstions showed that pure 020, A1203 and i
heated a2t a hilgh onough temperature for 2 sufficiently i
long time resulbed in eqnilibrium being reached with the formation:
ot the three compounds, 2020. $105, 30a0.8105 3Al~03 5105, i
They found that if eqguilibrium were azpproached but not g

. |

-

reached elbher free 020 or the compound 3Gao.3A1203 or both
would be obtained in addibtion to these three compounds.
These predictions were subsequently ¢ cont Tiraed by the
Pittsourg Bureau of Standerds in their investigations on
Portland Cement clinkers which consist essentizally of Ca0 -

A1203 - SiOga

The trivasic compounds here described can ve regarded as

two of the final slag producte when equilibrium conditions

have been approaohed. In the almost carbonless metal bath
however, ﬁhe conditions will rapdily tend to become more complex
unless vasiclby and high teuperatures are msintained, owing to
the instability of ferric oxide at high temperaturs,

If the bime factor ne sufficiently increased any normal
chorge can be worked oubt to a finish without ore additions from

a hnigh carvon content even where the bath temperature is high.

This/




This shows that abt steel meking tenperatures some Fezo3
is always formed. This gas-slag reaction will therefore |
conbinuously tend to diminish the basicibty of the slag.

In normnl slags the amount of waterial which can be
magnetically separated is very low, it, however, increases
rapidly when the lime content of the slag is low and the
carbon in the batn mebal aporoaches 0.045%, this value belng
the usual minimum observed.

Conceguently the magnelbic constltuent noticed in the
'finishing bath slags and isolated frou the slowly cooled
slags cannot be of importance as a refining agent. Ibs
origin appears of a secondary nature and to bé the result
of combinations when the slag-assumes a strongly oxldising

character towsrds the end of the process.

84
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SUMMARY

(1) A descripbtion is given of several constituents nob
previously isolated, which were obtainedﬂfrom open-
hearth vasic slags and from the basic furnace hearbli
Thelr chemical composition and their optical data

are deballed.

o~ .
Ny
N’

The results obtained from the chemical and microscopical
examinetion of a series of rapidly chilled bath slags are

described and discussed.

(3) Data are given to show that the amount of Fe,03 Tormed by
atmospheric oxidation on basic slag increases with

decrease of tenperature.

(4) DIata are given bo show, that in a slag of sufficient
basiclity the Fe203 combined with Ca0O. VWhen the basicity
was low such combinations were not observed and the Fezo3

then functioned as an oxygen carrier to the hath.

(5) The importance of the effects which resulted from oxidation
due to the furnace gases, upon the operation of the basic
process, 1s considered. Control of the refining reactions
by the operator is shown to be opposed by the effects of

gas-oxidation upon the slag and metal,

(6) The extent to which gas oxidation will occur iz shown o
jepend upon the prevalling bath conditions of slag
casiciby and temperature.

(a) Gas oxidation losses decrease with high gleg-
vasicity and hizh bath temperztures,
(v} Conversely - Gasg oxidation losses iluncrease with

slag aclaity snd low babth bLemperastures.

(7) The bvath coniitions essential %o the effectiive conbrol of
refining achbion are delined
(a) Tne cowbinabions which oceur in the slag vetween

% :{}S/




thé vases (0a0 and- &0 ) and the acids

P05 , 5102 and Fey03 ) must pe trivasic in
charaéter, l.e. the slag basicity must be of =2
Sribasic order.

(o) Control is increased by high bath temperatures.
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_APPENDIX = A

BASIC OPEN HSARTH CHARGE.

TABIE No. 1.

FURNACE CHARGE COMPOSITICN.

89-

Tons, Cwts. Si. C. P. sul, In., Fe, ~ Fe 203 Remarks
Steel , _
Scrap., 67 3 0.05 0.20 0.05 0.05 0.60 - - Che:ged to
. Farnace,
Irono . 24 17 2. 4‘9 3! 68 Oo 20 Oo 04 : Oo 85 - - —{3,0-
Burnt ’ .
Lime.. 5 11 - - - - - - - - do-
1111 | '
Scale.- 1 15 0,80 < 0,027 0.045 0.60 61,58 36.54 TFed to
' furnace,
¥ luor-
- 10§ - - - - - - - - o=

SPET.




APPENDIX - B

TABIE No. 2

SIAG ~ AD NETAL BATH SALPIES.

90

STAG LATAL.
Time
No., taken NOTES, ETC. No.
afber
Charging.
I’J:lnc
18 - lst Slag notilced in furnace 9 lilns., before 1
plg iron completely charged.
2 8§ 25 7Pig iron beginning to melt. Lo metal 2 1
sample obtained, '
8 52 Pig iron melbing. i
4 5 32 Bath incompletely melted. Slas gaseous, 4 M
Iaich undissolved ILime.
5 8 105 To.. 20 Iins.after 5% cwbs Spar fed. 5 I
lio metal cample ovtained.
68 107 Do. Slag thick. much un:‘z.issoived 6 M
Lime. Iron melbed. '
7 8 130 Do. After 1 cwb Spar. Slag opening 7 M
- out. Bath level. '
88 150 Do. Slag more fluid. Conbains 8 U -
' undissolved lime.
9 8 175 Do. After 4% cwts. ¥luorspar. 9 I
108 195 Do. Contains undissolved Iime. 10 i
Hetal gaseous.
11 S 207 Do. Contains undissolved liiue. 11 M
slag opening outb.
12 8 234 Do. Do. Boil comsencing. 12 U
13 5 255 Bath completely melted. Slag contains 13 ¥
undissolved lime.
14 8 274 Do, Slag opening‘out and boil 14 M
yincreasing.
15 8 295 Do. After 19 cwhbs. Scale fed, 15 M
16 s 318 To. Rath boiling briskly. 16 M
17 5 337 Do. After 12 cwbs,Scale fed, 17 u
Strong boil., Active slag.
18 8 358 Do. Boll slackening, tlag Tluid. 18 1
19 § 381 To. Furnace tapping. oK
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TABLZE NOC. 5

BASIC OPEN HEARTH CHARGE.

APPENDIX B

93

_CAT.CULATED MOLECULAR PERCENTAGE SLAG COMPOSITION,
CaC | 810, =atio

Slag|{Time | Ca0 [Mg0O |FepOz| Si0p [Py0z| vlus| plu§ |Cal wius e
No. |lins. 7| lig0 | Po0y 810, Dlus Ppls
si | 0 {30.8706.66] 6.03] 3.33 [0.27/37.52] 3.60 | 10.42
82 | 25 j40.828.05| 5.39! 7.70 |C.51]48,88] 8,21 5.95
83 | 52 |47.70(9.14] 3.68{11.77 |1.23 56.8513.00 4.37
84 | 82 {52.2006.951 2.95112.99 10,57 61.15/13.56 4.51
S5 1105 |46.0318.37| 1.40/26.51 10.70]54.40127.21 |  2.00
86 107 {5C.0218.26 0.90}27.062 §0.76 58.26|2E.38 2.05
37 1130 [46.58/9.081 0.61]28.65 10.81157.76129.46 1.96
S8 |150 |48.17!8.26} 0.33{27.63 |€.78 56.43{28.01 1.97
89 1175 i52.82 8.45‘ 0.56{26,62 {0.78] 61.27{27.40C 2.24
810 1195 1556,6917.861 1,05(21.87 10.82 64.55{22.69 2.85
S11 {207 |57.22 7.605 1.13;21.45 [0.83] 64,82{22,28 2.91
S12 1234 156.83 7.89= 0.99:20.64 {0.84]{04,72121.48 .01
313 {255 157.29{7.701 1.28{21.09 {0.83]|64.99{21.92 2.97
S14 (274 {56.237.62| 1.07/20.61 {0.84]63.85,21.45 2.98
515 1295 153.9916.751 2.17117.38 11.16{ 60.74{18.54 3,28
816 {318 [55.31{7.72| 1.75|15.7¢ {1.10]63.03]17.86 3.53
S17 1337 154,41 (8.40| 1.76{16.16 ‘0.88 62.81117.04 3.69
S15 358 |54.4418.091 1.60/16.17 10.881 62,53{17.05 | 3.67
S19 | 381 {54.5019.74] 2.05,14.32 |0.74 64.24 15.08 4,26
L3 - {43.6618.73| 0.85124.72 {0.85{52.39{25.57 2.05 <ﬁl
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