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A PRELIMINAKY STUDY OF BASIC OPEN_HEAKTH SLAG CHARACTERISTICS ND THE

‘CORRELATION BETWEEN THEM 4iD THE CORRESPUNDING BATHS
INTHOOUCTION

It[has long been reccgnized that the type and charanteristics
cf a slagTip,mQtallufgical practice is prcbably the most impertant fact-
or in determining the nature of the bath beneath it. This is particular-
1y true in the case of steel making, which consists of the controlled
elimination of such impurities as carbon, phosvhorus, silicon, manganese,
and any others which may be present in the ore or the pig iron or the
scrap which is charged into the steel muking furnace. As a heat progress-
‘es and this”elimination_prOQeeds, the composition of both the slag and
‘bath are constantly changing and the impurities sre transferred from the
bath to the slag in vhich they are retained and by means of which they
are finaliyﬁremOVedu

In steel making, the removal of these imourities from the metal
is accomplished by oxidation and the slag is an oxidized and oxidizing
medium vhich contains these impurities and prevents ther from reentering
the bath. The active ingredient in both the slag and the metal by which
‘this oxidation. is sccomplished is FeO which acts as a carrier for the
‘oxygen end makes it available: to the impurities in the bath.

'Basig bpen;hearth steel slags vary over a wide range of com-
‘position and_the result of this variation is a fairly wide range of var-
iatiOn in"physipal‘pererties and general characteristics of the slag.

In spite of these variations there are seven general conditions te which
a basic open-hearth slag must conform, and the slag which most nearly
;meetsfthSeiqbnditiohs and is yet.within the range of economic feas-

‘ability is the one ¥hich should be used.



The seven general conditions which a basic cpen-henrth slag
must meet are as follows:

1. The slgg must;be‘Sufficiently basic te orevent the dis-
soclation of 3 CaquzOs by carbon or by £i0, in the slag.
2. It pust not be toc silicious, otherwise the bottom will

be attacked.

‘S, It m@st:abSOTQ.@nd retain the impurities remcved from the
bath. Mn, P, and Si.

4. ‘It must be sufficlently fluid to allow contact between me-
tal and slag..

S It‘must}bevsufficiently exidizing to cause the chemical re-
actions te ge to completion.

6}_'It must protect the hath from superoxidation from the flame.

7. It must conduct heat frem the flame to the bath on- ths
heerth of the furnace,

One of the important problems in open hearth steel making is.
the remova1 of'SulfUr,gpérticuIarly'wi%h reference to the part played
by menganese. This action is, at best, very problematical and uncer-
tain,‘for:in;SOme'héats ansiderable quantities of sulfur are removed,
while in othersfthere is practically no removal of sulfur. There is
at present no means of estimating the amount of sulfur which will be
removed in any given heat; and for this reason it is always desirable
to use low sulfur materials in open hearth charges, both basic and
acid,

Rasic open hearth steel slags, vith which this paper is con-
‘cerned, are composed of siog, P»0g, a0, FeO, Fe, Fe2O3, ¥nO, MgO, and
Aigog)_With’vérying,‘but for our purpeses, insignificant amounts of

minor impurities. ‘The exast nature of the chemical tie-ups between



these various constituents in the slag is not definitely known, nor can
1t be easily determined. In addition to this fact the distribution of

‘the various phases in'eash other is likewise very much a matter of con-
Jjecture.

It is the objest of this paper to pave the way for a detalled
study of the constitution of open-hearth slags and the correlation of
them with the baths which they cover. No attenpt has baen made tc settle
‘the qtéstion”or.even to state definite conclusions with regard to these
studies, but it is hoped that work hevein outlined and the material ac-
‘complishments which have been made will stimulate interest in the subject
and serve as'a foundation upon which valuable work may subsequently be

ba_sadob_
WETHOLS UbwD IN THE AdabMINATIUN

This werk consists of a study of four typiecal opsn-hearth
heats. Two of these heats are frem a wastern steel company, the Colo-
rado Fuel,&,IrQn‘Ccrporation'dt Pyeble, Colorade; and twe are froem a
‘midwestern steel company, the Scuth Chicage works of the farnegis-
Illinois Steel Corporaticn in South Chicage, Illinois.

Threé samples were taken during the progress of each of these
heats. The first in each case was taken at the flush off period and re-
presents the*fiush off slag. The second sample in each of the heats was
taken gﬁring the melting peried and after most of the lime had come up
88 may he sean from the analyses. The third samples were taken at the
‘end of the heat and rapresent the slag on the bath at the time of tapp-
ing the furnace. A sample of the metal bath was taken at the same time

‘each of the slag samples wss taken.



A portion of each of the twelve slag samples was ground
.down,cgrefﬁl}y"in'a disc pulverizer te -200 mesh for chemical analy-
sis. The portion which vas so ground wis, as nearly as vessible,

Just half éf}the original sample and was taken so as to ba represen-
tative of the whole sample in the avent there might he variations in
compositionnof*the sample. fhemical analyse: were run on these sam-
ples for.Siog,fPéos, a0, Total,Fe, FeO, Metallic z2nd water soluble
irbn,‘MnO,;MgO;‘and A1,C3. The percent Feo0z was calculated from
the total 1ron,by‘deduction of the Fe0 and the metsllic iren.

A second portion of the samples were vrepured as thin-sec-
tions for examin&tion with a petrograrhic microscope. Two representa-
tive thin sections weréfprepared from each of the slags samples from
‘the Garnggie,lilinois,Steel'Works. These sections were taken from
different parts of the sample to check for variations in compositien
and structure.: Three sections ware prepared from each of the samples
from the Colorado Fuel & Iron fompany, in the same way and fer the
reasons as before.

The-témainder’of each of the samples was retained and polish-
ed;for.examination~with fhe metallographic micrescope. In the metallo-
graphic.examination both .direct reflacted and chlique lighting were
used. ,Becausévbf tbé~relief caused. b the polishing operation, the
oblique lighting proved to be much more satisfactory than the direct
-reflected lighting.

The steel samﬁles'were drilled for analysis by first re-
‘moving the outside layer of the sample to avoid contamination and
.then tgking‘driiling§jmade by slow drilling with & high-speed tool

steel drill. The holes from which these drillings were collected



were evenly distributed aver the sarple to allow for segregation in
the sample. The stesls vere analyzed for silicon, mangansse, sarhon,

sulfur, and °,0..

DESCRIPTION UF EXAFIMATION AND FACILIITES USED

The chemical analyses of the slags are shown in tabulated
form on pggé No. siﬁtggnf These analyses vere performed at the
Golorado School of Mines Txperimental Plant laboratories and were
carried puﬁfwitb as much care and precisiocn as wis possible. As may
.be noticed, the total in many cases is over 100%. The source of
‘this error is not quite clear. Tt is pessible that it is in the de-
termination of either silica or alumina or pessidly both, altheugh
the alumina was run bv different matheds for a check on this. The
‘figure given in ths table for Fe,0z is ths figure obtained by dedust-
ing the metalic iren and the FeO converted to metalic iren, frem the
total iron and:then converting this in turn to Fe,0. as was stated
‘above. It is of interest to notice the wuch highsr percentage of
1ime in the slags from the Colcrado plant then in those from the
‘Chicago plant.

The supplementary table.of analyses follewing the cne just
‘mentioned gives the snalyse. sent by the plant chemist at the 7.F.&l.
‘plant. The discrepancy between these figures and those obtained in
the school 1qboratogy is,Hignificant but not alarming. Thess figures
were used to check against when the samples were run and could not be
‘duplicated, The more accurate figures are probably those in the first
‘table.

The table on page 17 following the tahles of analyses gives
the calculations and figures for the lime distribution according to

Herty's formulas in'which it 1s assumed that the 8ilica is present as di-



’Caléiuﬁ‘siiiCato; 2720 . 940, and tha Pp0g5 is present as tri-calcium phes-
phate 3Mn0 . Py0gs This methed of daterrining the excess lima gives a
relative numbar enly since in many <ases a nasative hasicity is chtained

vhere ther hag been reroval of phespherua, hizh is imnessible except ip

the presenca of frae 720, The raison for. this apparent error is that the

degree of dissociation of the 2020 8103 could not be determined and thus

it 1s possiblésto have g%highar netual basicitv than that indieated hy the

_calculations on this basis. In addition to this the true ahsolute evcess
flime,could‘hOt;be'determinedvunlessithe formation of lire iron oxide com-
-pounds,.ferfateSQand‘ferrites, in the slag were taken inte account. For
3the§efregsoh9'the figures on excess lime as given should be used only as
‘numhers in&icating'the’relqtive basicity of the sligs and not as absclute

values,

The thin sections were prapared as stated above and studied

with the petrographic misrcscepe. Phetegraphs wers taken of rspresenta-

‘tive fields with ordinary light and alsc with pelirized light between
crosged nicol orisms. Thess photographs are shom in each case as the

‘second and third photographs on each of the pages of photographs.

Thé'microscope used for this werk is a Bausch and Lemb instru-

‘ment loaned.to the department for this work by Wr. Underhill of the Min-

ingfngpartmenth,'The-GAmerg used is an old model put out by "Sauveur

:and.prISton."f‘It'coﬁSists of a heavy bise with a clamp arrangement for
‘mounting the microscops in an upright position under ths bellows of a
IAVertigal camera., There is a track and clamp for holdingvthe'light source
.for"thajpi¢roscope¢ For this work a carben arc was used and the rays

100ncent;§tad_hnd rendered parallel by pussing them through a saries of

“1qngqs;f;Ai£éingtingACerent’at a voltage of 220 was used



‘fdrfthdiﬁrc*hétwqgn Lvre six mi1Mimntar cired carbens. This arranpemant
gava & very ateady snd aven 1icht iuite idenl for the examination and
fphctographingfofvthe\thin7ﬂectinn samrples.
”Thgﬁmidrcscbpe and samera wero set to give a magnifiza-
;tibp,of-1?0 diameters. Thia megnifisntion wias chesked hy means of a
. ruled scale of .OI‘andygljmiliiﬂéter divisions which vas -hotographed
k,and,méasured;ﬂ‘To'duplicategresults with the sara microsccoe the number
1 ayepiecd and the 2/3 ohjactlve should ba used and tha belovs of the
' camora extended to the division marked "S0" on the vertical scale,
;;With”theQiight'gbzdéacribed‘oﬁ exposure of ahcut 10 - 15 seconds on a

'FHammerfOrtho:ny°P1ate (fxfnst) is anproximately right with mest sec
1]

i tions,
? Tn making thess nhétcmicrographs exactly the same field was
%;photOgraphed:with.fhe,drd@nary and pelarized 1ight and thess are mounte'
J‘ed'sq thgt"thsy]mﬁy"be,easily compared. A8 may be noticed thare ia
1‘0"1Y~°“9 photograph for each of the first six samples. These are the
Lgahmples from the Carnegie Illinois Steel Works and the field shovm in’
?,each.case except No. 4 18 reoresentative of the shols sample. In the
photomicrographs of No. 4 tha tyoical field is similar to that shown
;*fbr number 1 and the one which is shovn was taken to.show a stringer
;iofvundissolved di-calcium silicate a pumber of which may be seen
$ thr6ugh6ut the samples of both number 1 and number 4. -These six slags.
;;are-fb%'the mdsﬁ'part'very‘uniform-in structure and in this respent
_ are quite different~from’t§a samples from the Soloradc Fuel & Iren
L Company.
% In order to shov the variations in the structure: cf the west-

~ern slags it was necessary to take seve=al photomicrographs, of them

showing various fields. Samplas numher 7 and numher 10, marked %nn

l



1ime ends and middle", are quite uniform and as with the first six, re-
quired but one field to show the typical and average strusture. With
samples numbar 8 and numbsr 11, marked, "Not Juite Cluar", these show
considerable variation throughout the samples and this 1s shown in the
-various photographs for thess samvoles.

The first two photographs of sample number 2 and both of the
ohotographs of sample number 11 show fields which represent approximate-
1y 50% of the.samplé in each case. The third photograph of sample num-
ber 8 shows an inclusion in the main part of the slag which is distinect-
1y differehﬁ'fr§; any of the rest. There are several of these areas
‘and together they constitute abeut 5% of the total sample.

Semples. numher 9 and number 12 likewise are composed af two
main structures each nf‘wﬁich comprises approximately 50% of the sample.
'One.of»thé-phree'pictures;in each case shows the distinct divisien
between the two structures. 0lose examination of the second structure
‘shovn for sample 9 will reveal small inclusions of iron between, and in
somefcases,_withih, the rourded grains of the major sleg constituent.

In this particular constituent and within this particular structuve is
'the_Only:place where these inclusions of iren were found.

The third picture of each of the samples is one taken with
oblique reflected light. In each case care was taken to obtain a
field which corresvonded as nearly as possible to the field photographed
'with_the_tranSmitted light. For those samples of which several photographs
were taken from the thin section coerrespending photographs were taken
offthe’093Qn9?§ﬁéoimenv?&Thevsame'magnification was used for these

photographs 'as was used in photographing the thin sections.



The camera u-ed for photegravhing the opa~ue specimens is a
hori zentally mounted Pausch and Tomb metallographic misrcscope and
camnra unit. The light used was furnished hy a carbon ‘arc as before
with the exceptiOn that direct rather than alternating current was us-
ed and that thé;carbons were 6 and 8 millimeter cored carbons rather
than just the six millimetar carbens..

To dbtain the oblicue lighting used in making these photo-
graphs  the transparent illuminator was withdrawn from the tube and the
offset prism 11luminator used in its place. With this prism set at the
1properranglefa‘Iighting'was produced which gave a varying degree of ob-
liquity across the field. As may be seen hy examination of the pheto-
graphs oneside shows a very definite shadowed effect while the other
side shows almost direct reflection. With the illuminator set in this
manner the-piates‘are~quite uneven in density and require very uneven
lighting in printing. This is'quite inconvenisnt but the final result
seems teo he well worth the additional time and trouble it necessitates.
In the photographs the relief caused by the onlishing is very plainly
evident and for this reason the relative hardnesses of the varicus con-
stituents may be readily dstermined. This fact is of considerable im-
portance and’ is of considerable value in determining the constituent of
the slag, as”well as"in giving a clean distinction between the separate
gbnstituentq;which'is”quite indistinct in direct reflected light ori in
‘transmitted light.

Vary careful polishing is sssential in the preparation of
these opaque &vecimens as even very minute scratches which are complete-
iyj;pVisiblé;wiﬁh'direct reflected light are plainly evident when the

sample is examined with this type of obligue lighting. The final polish
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‘was made,wiﬁhfpowderéd alumina rather than with the more conventional
Touge. Because, while the rouge polish is easier to obtain with the
absence of scratches it:is nct nearly as satisfactory for the tyne of
examination s ig ‘the alumina pelish. The chief difference seems to
beithat the,rogge drng‘the gurf~ce mcré than the alumina dces and for
this reason leaves a much less distinct separation between the varicus
°

constituents. 'In‘prepafing the alumina polishing medium only the
‘alumina which remaihed{in suspension in the water .in a liter graduated
cylinder three.inches or mcre from the accupulated solid after three
minutes_settlihg %as QSQd. This gave a very fine polishing redium and
‘when used for the final pelish gave the most effective relief ohtained
with any of the polishing medis tried. As may be seen from the photo-
graphs there is practically no dragging effect of the oclishing at 41.

Anothér pregaption‘which must be ohserved much more rigidly
‘then in polishing for ordinary metallegraphic examinaticn s that the
sample:muStunct‘rémain‘bn the wheel in the same pesition for any length
of time, but must be constantly rotated so that the pclishing action
takes plﬁceiin:afconStantly varying direction. Perhaps the easiest way
yof*accomnlishing this'is to move the sample around the pelishine wheelis
in a direction pppOSite to the rotations of the vheel. If the sample
‘1s moved in this manner at an even rate of soeed the polishing will
be cpmpletely.even and dragging will be eiual in all directions.

The polished samples of the three slags from each heat were
‘mounted and photographed as a whole so that the physical appearance of
}the_slags.may\bé_notedof These photographs with an accompanying descrip-
‘tion of the samples are included in this paper.

Tpe~dtsel sambles'we?e taken at the same time at which the

slag samples were taken snd represent the composition of the bdth at the
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various stages in the rofinary operation corresponding to the v.rious
alug samples, As was noted sc above, the outside surfaces of the samplas
were femévgdeitbjtha_drill and f1scarded to nveid contaminaticon Yy
scale jor by dirt;n Driijings were mud; with a high speed tool steel
Aril] run,at’i§ﬁ23bead_undfwithOut lubricant of any kind. The 4rill
holes were so spaced throughout the sample as to give a representative
‘sample in case there had bern ary segregatfon'in the ceoling presess.
Faifly_large/8§mples were ‘drilled se as to further minimize the effect
of.any'segregaty¢hiwhich'might_have heen'driiled'into. The steels were.
,analyzed.forfghrﬁbn,.phcsphOrbps, sulphur, manganese, and silican, and
' ‘the distribution of these varinus constituents betveen slag and bath is
.eaﬁily-seéggfEThéfraSﬁjtgxof the analyses are shovn in tabulated form
on page 19.
OUMMAKY
As may be seen ty comparing the photomicregraphs of the'f. F.
Ei &"I._31qgs and those. from the Tarnegia-Illinois steel corperaticn there
i?ie a distincpfdifferenéefih“the characters of the slags from these twe
f;plants‘ 'Thefslagsffrom'ﬁhé‘eﬁstern company shov. a much more advanced
"stage of maturity than those from the western plant. In other words the
various constituents sre in a much hetter state of sclution in the east-
ern plant. In addition to this there is a marked difference in the unie
‘formitylof'the two différaht groups of slags. The eastsrn slags ware’
nearly uniform throughout and, for this reason it was necessary to take
‘but one photomicrograph to ohtain a field typical of the entire sample.
%§’Th19 was not at.all true with the western slags in which there are very
‘marked segregation into two or three distinctly different structures,

‘and it was necessary to photograph several fields to get a true picture



of the character of the slag.

In_additibn to this, and perhaps as a partial explanation for
it, the western slags run definitely higher in 7a0 than do the eastern
slags, although, in every case there is an appreciahle excess of a0
over that required for the acids at the time of tapping.

These conditions may well be the reasons for much if not all
of ‘the trouble being experienced at the T. T. & I. plant in their steel-
making et the present time.

It may alse be noticed that as the 1lime increases in the slag
there is at first an spoarent decrease in FeO. This is not as would off-
‘hand  be expected since the total amount of FeO in the slag should in-
crease as the lime comes up. As a matter of fact this is exactly the
case and the decrease in percentage of Fe0 as the lime comes up is caus-
ed by the dilution effect of the lime as it enters the slag, thus caus-

ingfthQ'FéOftp be dissolved in & larger quantity of slag.

ReCOBENUAT LUNS

Since the optical properties of many of the suspected com-
pouhds_in'tpéséﬁSIags are not available and since they are necessary
to determine-thé}presenqe or absehce of these compounds in the slags it
is recommended that if further work is te be done on the subject pure
siags'beimade up and studied to determine these properties.

A detailed petrographic study of the slag constituents which
is beyond the scope of this paper should be undertaken and as many as
possible of'the constituents determined. Since the question of sulfur
alipination‘is éofuncertain it seems proper to suggest that work on the
»action_df"manganeSe in the bath and slag he also undertaken and the ex-
act nature of the reactions and distribution of products invelved be

w'étudied“Withfthefultiﬁatéﬂéim of determining the requirements for cer-

12
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tain sulfur elimination in the basic open hearth.

Rate of cogling’has”a very decided effect uvpon the structure
of slags and for this reason some experimentaticn en the difference in
structure caused by different rates of cocling seems desirable. The
slags examined for this paper were all ccoled at very nearly the same
'raterand‘fbr'this reascn the relative differences in structure were
quite probably maintained.

Another series of tssts which were not attempted at all in
‘thié*Work-and'wﬁich~would'prbbably prove of value in subsequent work
on the subject are tests to determine the physical properties of the
metal at the various stages.

Itvié{suggeSted'that possibly a scheme of cooveraticn he-
‘tween the métailurgy department and the geology department be worked
up whereby’thevpetrogtaphic and mineralogical work could be performed
in'the;geongyfdepartment,and the correlation and analytical werk
could be performed in the metallurgy department.

BeCauSe of the scarcity of published or available informa-
tion on the structure of slags and their correlation with the baths
and because of the extreme impertance of information cn this subject’
1t is & field which offers alwost unlimited cpportunity for future

in?k-
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SAKPLES EXAKINED

1 Flush Off 223719
2 Melt Sample 223719
5 Tap Slag 223719
4 Flush 0ff 174282
5 Melt Sample 174282
8  Tap Slag 174282

7 8047-1 On Lime - End & Middle
8 8047-2  Not Quite Clear
9 8047-3 At Prelim
10 8049-1. On Lime - ¥nd & Middle
11 8049-2 Net Quite Clear

12 8049-3 At Prelim

Samples 1 ='8 From Carnegie Illinois Steel Ce., Chicago, Illinois

Samples 7-12° From C. F. % I., Pusblo, folorade
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SANPLE 510, Al30; fa0

2

3

10
11,
12

17.0°
21.9

15.8

20.0 6.67

22,1

15.1

0

26.1 3.44
‘1851'

14.1

24,4
17,5,
14.5

15.2
37.4

36.3

18,5
38,38

42 .9

41;2;

50.5

51..4

4.7
50,9

52,5,

ANALYSES OF SAMPLES

g0

4.8
7.8

4.7

9.5

7.8

9.6

8.0
7.5

8.2

7.8
7.2

Fe

34.6

11.2
18.6

29.4
11.1

17.2

9.8

13.3

9.4

9.5

11.8

[ s
. )
(4} o)

O3
0o

1.8

1.8

1.1
1.3

1.2

1.4

1.)

1.2

37.6
12,7

19.3

9.8
9.9

12.2

17

1.00

1.57

10.7

7.6

9.8

8.2

5.9

7.7

5.8

507"

2.49

&N
.

N
)

o
L

&N
w

1.75

2.76
2.40

2.08
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SLAG ABSAYS FRUK C. F. & I.

 SANPLE.
7. 8047-1
8 8047-2
‘9 BO4T-3
10 8049-1
11 8049-2

8049-3

Si0

3]

17.0

14.2

35.4
47,7

46.6

38.7

51.2

51.2

17

Fe
7.3

8.9

11.6

8.1
8.8

10.9



SAMPLE

V)

10
12

B{CESS Cad

‘TOTAL  CaQ FOR SiO fan FO? Py0 é;o FOR ACINS

Cad  1.86 x §10,°  1.19 x 7,0, 510, : Py0,  Fxcess Ma0
15.2 1.6 3.69 35.3 20.1
37.4 40.7 3.35 44,1 6.7
36.3 29.4 2,51 31,7 4.6
18.5 37.2 7,87 42,2 21.7
38.3 41,1 2.97 44.1 5.8
42,9 28,1 2,33 30.4 12.5
41.2 48.5 2.76 51.3 10.1
50.5 33.6 2.68 36.5 14.2
5144 26,2 2,08 28.3 23,1
42,7 45,4 3.29 48.7 6.0
50.9° 52.5 2.85 35.4 15.5
53,5 27.0 2.48 29.5 23.0
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ANALYSES OF STEELS

SAMPLE Si Mn I PO
'Y .05 0,03  2.68
2 .07 0.18  1.00

3 W07 0,15  0.10

4 +07  0.18 2.94
5 W03 0.23  0.67

8 205" 0.16 0,09

vé .05  0.24 0.94
8 03 0.25 0,37

9 05 0,13 0.09

10 .03 0.19 0.6
11 03 0,17 0.24

12 05 0.15  0.19



SLAG APPEARANCE AND CHARACTZRISTICS

No' 1.~ Flush Off 223719
This slag is‘very porcus and spengy in rppearapce and is com-
posed almost entirely of gas bubbles. Tt is a very dark redish
‘brown color in thin section and black in mass. It is very brittle,
.QUité.hard, and not at all tough. The sample contains a consider-
‘able number of iron‘inélusions which, for the most part, have
settled to near the bottom of'the sarple ladle. The fracture is
quite vitreous and away from the gas bubbles.
No:2 = Melt Sample 223719
‘This s1ag is much more dense and less spongy than the flush
of f hut there are still a' good many gas pockets near the cooling
center of the cross section. This sample is quite hard though uni-
form. In.color it.is blacker than the flush samole and gives a
'dull‘soqtyfsurface on fracture. There are a number of small in-
cluSioﬁS;éf iren ih,the*Sample. There are not nearly as large or
‘as abundant as in the case of the previous sample, and de not seem
to have.settled cut of the slag tc nearly the degree.
No 3 - Tap.Samp19j223719
AT@is is' & very dence, hard and tough slag. It is very finely
-cryStalliﬁe,-and’shows some spongyness near the center of the
sample, It is almost black in color in both thin section and
mass. Th}S‘fracture is dull rather thaen vitreous as in the case
qu the flﬁshrsampié; There are & few very small inclusions of
iron;in:the sample and these seem to be quite uniformily distribut-

‘ad throughout.



 SLAG SAMPLES FROM HEAT 223719
'CARNEGIE ILLINOLS STEEL CORPORATION

Py il aiam ]

1. FLUSH OFF SLAG

2, MELT SAMPLE

3. TAP SLAG



No 4 - Flush Off 174282
This.slag'is not n=arly seo spongy as the flush off slag from
heat 223719. The gas in the sample collected, rather, at the
center of the sample and divided it quite clearly in twoe. In
thin section the color of the slag 1s a. reddish brown and in
mass is Jet black. The slag is quite dense, glassy, and very
brittle, and not at all tough., Ne inolusions of iron ure visi-
ble to‘the unaided eye.
‘No'5 = Melt Sample 174 282
This slag is quite spongy in natuwe and contains many large
»gas pockets, It has a dull sooty fracture similar tc the cor-
rGSponding sampie:of heat 223719, The color in thin section
is‘dark:reddish.brown'and in mass a dull black, eapacially
near the upper cooling surface, This slag centains a great deal
of included ironi Many of the iron inclusions are quite large
4in size and, for the most part have settied to the bottom of
the sample,  probahly ipdieating 1ﬁw slag viscosity, The slag
'isvfairiy‘hard'but‘not very dense ér vary tough.
No GiasTap]Sample 174382;
This slag is very similar to the tap slag of heat 223719,
It is quite black in both thin-section and in mass. It is
'very‘finaly crystalline with a Tery NATTOW spongy‘iaYer at the
‘center which almost completely divides the sarple in two.
Thare‘isrvery 1little or no includadfiron_in the @ampla§ The

fracture 1s quite even giving a dull black surface.
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 'SLAG SAMPLES FKOM HEAT 174282
'CARNEGIE ILLINOIS STEEL CORPORATION

it snks o | i S d] i e | e i o

4, FLUSH OFF SLAG

5. MELT SAMPLE

8. Tal SLAG
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No.7 =

8047 - 1 On Lime Tnds & Middle
This vas a small sample and for this reasen cooled in a thin
section indicating, even with the rapid cooling the slag shows

fairly coarse crystalline structure. It is quite srongy with

some falrly large gas vockets near the upper surface. The

‘bottom, however, is almost vitreous. This pirticular slag is

very brittle and only small pieces remained intact for nolish-
ing.: ‘No inclusions of motalic iron are visible to the unaided

eye. The color of the sample in thin section is a greenish gray

‘and in mass is jet. black.

qufé]—éao47'e 2. Not Quite Nlear

This sample 1s. pale brown in color and semewhat translucent

particularly near the bottom surface. It is finely orystalline

in structure near the edges and somevhat coarser near the center.

It is quite spongy at the center of the cross section and sase

of the gas pockets are quite large in size. There is very little

mechanically included iron in the sample. This slag is hard
fairly demse and quite tough.
8047 - 3. At Prelim.

This slag is finely crystalline in nature. It is dense,lard

‘and quite tough. There is a little spongyness near the cent r

hut thers are very few gas pockets of any appreciable aize.

Theﬂsiég 1s a greenish brown color with an almost metallic lBter

and a splintery fracture. There are almost nc inclusicns of

‘4ron in the sample.
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. SLAG SAMPLES FROM. HEAT 8047
‘COLORADO FUEL & IRON:CORPORATION

7. ON LIME — ENDS & MIDDLE
8, NOT QUITE CLEAR
9, AT _PRELIM'
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8049 - 1 On Lime 7nds & Middle

This?iS'a'ery,spongy slag and h2s a great number of large

’QaSJp@Ckéts in the center of the sample. It is finely crystal-

No 11 =

ilinéfiqfstructgre, quite brittle and not very tough. There are

yerj5féw5mechaniqal’inclusions of iron in the sampls. The

‘color of the slag 1s black and the fracture avay from the spongy

beﬂﬁérvﬁb‘splintéfyp

8049 - 2 Mot Quite Nlear

This sample like No 8 is brevn in color and translucent near.

the bottom surface. Tt is hard compact and brittle. It is not

very tough-and near tha center is quite ‘ockety and srengy.

There are & few inclusions of iron and these seer to have séttl-

‘8d to near the bottow of the sample ladle. Some fairly large

crystals are visitle to the naked eye.

5049 - 3 At Prelin

This sample is finely crystalline, dense, compact, hard and
quite tough. fThere-is almost no spongyness at all and there
are no-gasrpockotsin the samble. No inclusions of iren are

visible to the unaided eye. The color of the slag is sort of

‘a redish Browgfréﬁher~than‘the'green of sample 9 in the corres-

‘ponding stage ‘of heat B0A7.



SLAG SAMPLES FROM HEAT 8049
COLORADO FUEL & IRON CORPORATION

10, ON LIME - ENDS & MIDDLE

11, NOT QUITE CLEAR
12. AT“PRELIM
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PHUTOMICROGRAPHS
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"SAMPLE NO.1 FLUSH OFF - 223719 - 120 ¥

Reflected Light

’Oblique

Transmitted Light

Crossed Nicols

Trenswitted Light

‘Ordinary

29



SAMELE -NO 2 MELT SANPLE - 223719 - 120 X

Reflected Light
Oblique

Transmitted Light

gt
A Crossed Nicels

s

.
Ta) 33
; j
Rl AL
B

-
2
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'SANPLE'NO' 3 TAP SLAG — 223719 - 120 X

jﬁeﬁieéted Ligbt

Obliqus

Transmitted Light

frossed Nicols

Transmitted Light

Ofdﬁﬁary
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‘SAMPLE NO 4 FLUSH OFF - 174282 - 120 X
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'SAMPLE NO 5 MELT SAMPLE - 174282 - 120 ¥
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SAMPLE NO 6 TAP SLAG - 174282 - 120 X

Reflected Light

Oblique

Transmitted Light

Nrossed Nicols

Transmitted Light

Ordinary



SAMPLE NO 7 ON LINE - ENDS & MIDDLE - 8047 -1 = 120 X

Reflectad Light

‘Oblique

Transmitted Light

Nrossed Nicols

Transmitted Light
Ordinary
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'SAMPLE NO 8 NOT UITE CLEAR - 8047-2 - 120 X

Reflectad Light
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Transpitted Light

‘Ordinary
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'SAMPLE NO 8 NOT QUITE CLEAR - 8047-2 - 120 X

Reflected Light

Oblique
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Crossed Nicols

‘Transmitted Light

‘Ordinary:
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'SAMPLE NO 8 NOT QUITE CLEAR - 8047-2 - 120 X
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Transmitted Light
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- B047-3 - 120 X

'SANPLE NO 9 AT PRELIM
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'SAMPLE NO 9 AT PRELIM - B047-3 - 120 X

Reflected Light

Oblique

Transmitted Light

Crossed Nicels

‘Transmitted Light
“Ordinary
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SAMPLE NO 9 AT PRELIM - 8047-3 - 120 X

Reflected Tight

‘Oblique

Transmitted Light

Grossed Nicols

‘Transwitted Light

Ordinary
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SAMPLE NO 10 ON LIME - ENDS & MIDDLE - 8049<1 - 120 ¥

Reflected Light

Oblique ’

%S

VY

o

Transmitted Light

Crossed Nicols

Transmitted Light

Ordinary
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SAMPLE NO 11 NOT. QUITE CLEAR - 8049-2 = 120 ¥

‘Reflected Light
Oblique

 Transmitted Light

Grossed Nicels

‘Transmitted Light

‘Ordinary.
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SAMPLE NO 11 NOT QUITE CLEAR - 8049-2 - 120 X

Reflected Light

Oblique

Trensmitted Light

Orossed Nicols

Transpitted Light

‘Ordinary
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'SAMPLE NO 12 AT PRELIM — 8049-3 — 120 X

Reflected Light
'Oblique'
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SAMPLE NO 12 AT PRELIN - 8049-7 - 120 X

‘Reflected Light
Oblique

Transmitted Light

Arossed Nicols

Transwitted Light

Ordinary



SANPLE NO 12 AT PRELIM - 3749-3 - 120 X

sﬁgfiected Light

‘Oblique

Transmitted Light

Crossed Nicola

Transmitted Light

Ordinary:
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