"Feb. 9, 1954 J. J. BOWDEN Re. 23,778

METHOD OF F‘LUIDIZING. SLAG IN THE MANUFACTURE OF STEEL
BY OPEN HEARTH AND ELECTRIC FURNACE PROCESSES.
Original Filed Feb. 26, 1949 .

INVENTOR

James J BowoEN

BYW%W&

ATTORNEY




Reissued Feb. 9, 1954

Re. 23,778

UNITED STATES PATENT OFFICE

23,798

METHOD OF FLUIDIZING SLAG IN THE
MANUFACTURE OF STEEL BY OPEN
HEARTH AND ELECTRIC FURNACE

PROCESSES

James J. Bowden, Warren, Ohio

Original Ne. 2,597,851, dated May 27, 1952, Serial
No. 78,506, February 26, 1949. Application for
reissue June 16, 1953, Serial No. 362,175

(CL 75—54)

Matter enclosed.in heavy brackets L 1 appears in the original patent but forms ne part. of this
reissue specification; matter printed in italics indicates the additions made by reissue.

10 Claims.

1

This invention relates.to the manufacture of
iron and steel by the open hearth and electrie
furnace processes, but more particularly to that
part of these processes which relates to the proper
conditioning of the slag, which floats upon the
molten metal.

It.is well known to those skilled in the art in
the manufacture of steel by the open hearth of
the. afore-designated processes that in one of the
standard. methods of operation the furnace is
charged with limestone or lime, iron ore, steel
serap and pig iron. in. that sequence, and that the
metallic charge is.then melted by the heat of an
extraneous fuel such as.oil or gas or electricity.
And it is also known that when. the metal has
become molten, the lime, which had been charged
on the bottom of the furnace, tends to rise into
the. slag . which. is mainly a liquid overlying the
steel bath. Iron ore is by no means. always em~
ployed. Large tonnage. of _steel. is also made by
charging limestone, scrap and pig iron in this
designated order.. Or where burned. lime is used
the operator charges small amounts of scrap onto
the bottom of the furnace, then burned lime, then
the balance .of the scrap, and finally pig iron.
Since the electric furnace process is conventional,
it is not described in-detail.

The constituents of this initial slag in the open
hearth process are normally an iron and man-
ganese silicate, but later when sufficient lime
comes up into the slag, the principal constituents
are dicaleium silicate, ecalcium aluminoferrites,
caleium ferrites, calcium phosphates and Ifree
lime; these salts are formed in that sequence.

These slags, through a constantly changing
state of oxidation, normally increase their con-
centration. of the iron.oxide phase, and simul-
taneously decrease the concentration of the free
lime (CaQ) in the slag.

TABLE OF INCIDENCE AND DISPOSITION OF LIME IN

THE NORMAL ORDER OF MINERAL FORMATION IN
OPEN EEARTH SLAG

Mineral Formula Name of Mineral

Monticellite—Some

present also at times.

Dicalei~m silicate.

| Tetra calcium alumino ferrite.

-...| Dicaleim ferrite.

_| Tricaleium phosnhate,

- Free:: lime—Present ‘at all
times; not formed but is
resvlt of calcination of the
charged-limestone.”

MgO

ol ) S

Now, asisalso well known: in: this technological
branch ofseience,. the: slag as delineated here
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2
ahove is the key to the rate of production of steel
ingots, for it is necessary to have a properly con-
ditioned slag to have properly made quality steels.
And eoincidental with this feature we know that
a properly conditioned slag cannot be had until-
the lime is in solution in the slag; or as mineral-
ogists say, “the slag should be mature” to properly
control the manufacture of the steel.

Now as the lime, which is charged on the bot-
tom of the furnace or composes the layer over-
lying the small amount of scrap on the bottom,
is finally released when the metallic- charge is-
melted, the lime, because of. its lower specifie
gravity, rises through the metal and into the iron
manganese silicate slag.

The lumps of lime as they go up through this .-
iron manganese silicate slag are coated. by the
glag therewith. But because of the superior:
affinity of lime for silica, the manganese and
iron in this coating are replaced by the calcium,
resulting in a coating of dicalcium silicate-
(20208i02) - around. the lumps of lime floating
in the slag bath.

Because of itg properties, dicalcium silicate-
seals off the further caleination or solution of the
lime thus encased. The reason for this is thab
dicalcium silicate has a melting point of 2130° C,;
which is roughly some 500° C. higher than the
operating temperature of the open. hearth fur-
nace practice. For the open hearth furnace is:
made up mainly of silica brick, and such a fur- -
nace is only suitable for operation at temper-
atures not in excess of 1650° C.—1700° C. Hence;
some other means than a high temperature alone
is necessary to dissolve the limestone or lime, and
get it intc solution in the slag hy reaction, since
the furnace structure will not stand up under the
temperature necessary to melt dicalcium silieate.

Normally, this is accomplished by the oxida-
tion of the iron in the charge which then com-
bines with the lime in the slag to eventually form.
dicalecium ferrite (2CaOFe203), which has a
melting point of 1430° C. This dicalcium fer-
rite then reacts with the coating of dicalcium
silicate which surrounds the lumps of lime; and
by reason of the law of eutectics, it~ dissolves
the coating of dicaleium silicate from. around
the lumps. of lime, after which the remaining
lime is again coated with dicalcium silicate from. .
the slag and the proeess repeated until.all the:
lime is in solution or present as excess uncom---
bined free lime. In the normal practice: this:
waiting for such oxidizing reaction which: forms
dicalecium ferrite is too slow, so the: furnace op~-
erator commonly resorts to:the: use: of -fluorspar:
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additions to speed up the solubilizing reaction
of the lime. The fluorspar, because of its lower
melting point (1360° C.) and the law of eutecties,
and its other properties, speeds up the fluxing
and fluidizing process of the lime.  However,
fluorspar in some cases is detrimental to the
steel quality, unless precisely used, by tending
to increase the concentration of FeO in the slag.

The principal object of the present invention
Is to condition open hearth and electric furnace
steel slags containing caleium oxide and caleium
silicates, and particularly to fluidizing such slags
by adding a mineral having certain percentage
relations to each other of CaO, Al:O; and Fe:0s3
as explained below and a melting point of 1205
1435° C. to the slag, which has been formed by
heating a charge of metallic iron and s source
of calcium oxide.

Another object is to decrease the time neces-
sary to fluidize such slags and thus increase the
production of steel i. e. tons per furnace hour,
as compared with the employment of fluorspar.

A still further object is to make the slag more
effective in removing sonims (solid non-metallic
impurities or inclusions) from molten steel by
more effectively dissolving lime in the slag.

An additional object is to secure a greater ingot
yield from the same melted charge than has been
attainable when fluorspar has been added to
assist. The explanation for this appears below.

One other object is the saving of lime in the
charge because of more efficient use, which in
turn speeds up production. The lower the lime
charge, the faster is the heat time.

Other objects will became obvious or apparent
hereinafter from reading the disclosure, more
especially with recourse to the accompanying
drawing. -

For a better understanding of the present in-
vention reference should be made to the aceom-
banying drawing, which depicts a triaxial dia-
gram, the three components of which are, read-
Ing clockwise on the triangle, Al:O3, Fez03 and
CaO.

Referring to the drawing, the upper points
represent 100% Al:Oz and each horizontal line
(designated x—x, the primes denoting 10% de-
creases of this component) toward the base a
brogressive decrease of 10% in the Al:O3 content.
Accordingly, the heavy line parallel to and close
to the base of the triansular diagram denotes
& content of 1.5% AlOz, whereas the heavy line
intermediate the fourth and fifth horizontal line
denotes 56% AlaOs.

The lower right apex of the triangular diagram
denotes 100% Fe203; and each line y—y (the
primes denoting 10% decrease of this compo-
nent) a progressive decrease of 10% in the Fe203
content. Accordingly, the short heavy line, i. e.
the third away from the lower right apex, denotes
70% Fe:03, whereas the much longer heavy line
paralleling it but further away from that apex
and near the left leg of the triangle denotes
5.0% Pe:03.

The lower left apex of this triangular diagram
denotes 100% CaO: and each line z—z (the
primes denoting 10% decrease of this compo-
nent) a progressive decrease of 10% in the CaO
content. Accordingly, the heavy line, the fourth
away from the lower left apex, denotes 60% CaO;
and the heavy line parallel therewith further
away denotes 25% CaO.

These six lines, consisting of the three sets of
parallel lines just described form a hexagon
which has the following houndaries (reading
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from top clockwise), expressed in terms of com-
ponents: '

56% Al:03 15% Al2O3
259% CaQ 60% CaO
70% Fe203 5.0% Fe0z

The mineral compositions of the present in-
vention fall within the areas identified as E, D,
and C in the order of preference recited, each of
which areas is within this hexagon.

In accordance with the present invention g
mineral, whose components of initial formation
are calcium oxide, alumina and iron oxide, com-
bined in accordance with percentages of each
which fall within area E, D or C shown in the
drawing with the preference in that sequence,
and which has been formed by melting these
components, is added to the partly formed slag
and after the metal in the charge has become
liquid due to melting. It is to be understood
that the operation to which reference has been
made is that of the manufacture of steel by the
open hearth or electric furnace processes. The
charge, consisting of iron to be converted to
steel, iron oxide and limestone or other source
of calcium oxide, is heated until the iron has be-
come melted. The iron oxide need not be used
except where pig iron is plentiful enough to use
in higher percentages.” At this stage the slag
has lime floating therein, on the surface of which
lime particles there is a coating of dicalcium -
silicate. This last has a very high melting point
but its eventual dissolution is necessary. By the
addition of tricomponent mineral of the com-
position indicated, and which is characterized
by a low melting point (1205-1435° C.) the high
melting point dicalcium silicate (2130° C.) goes
into solution, and at a temperature which is well
within the range of that held by the slag, i. e.
1500-1700° C. This utilizes the principles and
laws of eutectic mixtures.

By adding these minerals to the slag bath as
disclosed, it is possible to rapidly fux and com-~"
bine the dicalcium silicate coating surrounding
the lumps of lime as well as fluxing the lime it-
self. This puts them into solution, thus com-
pleting the formation of the slag. There is thus
secured a mature slag which is Hquid, fluid and
by its nature endowed with activity to combine
with and remove from the underlying metal the
impurities which are deleterious to the quality
of the metal itself. This slag is capable of re-
moving such impurities as oxides, silicates and
sulfides from the molten steel which is thereby
refined and brought to the desired end point.

This synthetic mineral additive which fune-
tions in the role of accelerating the fluidizing of
the slag is formed by intimately mixing the com-
bonents in the correct proportions, then melting
them together. ‘This forms the desired mineral
composition; after which the molten mineral is
cast, cooled, crushed, and screened to size,

The amount of my preferred composition min-
erals that will be necessary to add to the slag
to facilitate the solution of the lime will vary
from one-half pound to ten pounds per ton of
steel in the melt. The amount necessary to add
will vary; it will depend upon the ‘percentage of
lime in the slag, the state of oxidation of the iron,
the temperature of. the bath and the carbon con-
tent of steel scrap being melted, as well as other
variables. : :

The ideal compositions which I prefer to use
for manufacture of the mineral for use in the
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proocess: of -this-invention: are:ta-be: found on: the:

drawing: in-areas: E,, D-and. € “and-indicated:i

Tables::1:and: 2., But: for-commercial: reasons. if :

willinot-be.pessible to use pure materials-in: their

manufacture: because:-of..the .excessive:-casts of:
pure materials::

Therefore; impurities.-which: are:-
carried.-in: the-raw materials: that. are:used: will:.
be:present in-the mixture from which the mineral::

is-made, and: the:latter will-be influenced:to: that::

extent: by them. Although:the.commerecial: raw:
materials: do-have components other than:alum--

ina, lime and iron oxide, it is these three:com-
penrents and: their percentage: of- relationship to

each. ether. as.brought: out. above-that-is:signifi=
cant. Following:the. gnide:above; the preference:

10

willi be.to select: compesitions..approaching:these-

in:the;guide-having the lowest melting point that -

are::possible -of attainment. with- raw: materials::

that: are-available and. economically-suitable; -

The: minerals..of: the- type: which: have- been::
discussed. herein; when. introduced. into-the-open::
hearth; or-electric furnace: slag: systems;. will: first::
melt and then unite with one or more of ‘the-

components that are present in the slag, namely
the-silicates of lime; the-oxides of lime, calciiim
ferrites, calcium alumino ferrites, by reason: of
- thelow-melting points- of‘the added mineral.
And;” as"in—accordance with -the law of ‘eutectic
mixtures; they will form-a product of even lawer.

melting point. These two-accomplishments will+3
speed up-the reaction of putting the undissolved-

lime-and-ealcium components into the fluid state
in the-slag::
Tetra-caleium alumino ferrite

(4Ca0Al03Fe203)

and dicalcium ferrite (2CaOFe201) . form. a_com-
plete series of 'solid solutions; area E in.the draw-

ing is-composed of them. This is also true for:

tetra calcium aluminoferrite with penta. caleium.
tri-aluminate (5CaO3A1:03).; area.C in.the draw-

20

LTS

40

ing-is 'so composed. An eutectic mixture with a..

specimen composition of 47 % lime, 43% alumina..
and 0% iron oxide, which melts at. 1335° C., .

forms-a-saolid solution. Calcium aluminate..
(Ca0Al03)

takes up-about: 15%: calcium ferrite - (CaOFe20:)

in:golid: solution: and: the-latter- takes- up-about:

10%:0f:the former in solid ‘solution:: A:compo-

sition-of: '28%: €a0; 13%: Al:Oz. and 59%: FexOs--

melts:approximately-at-1205> ©.:

The- following: table: shows: the- -crystalline-
phases: having- quadruple- and quintuple-points-
together - with' their -approximate  analyses and*

melting -points:

TABLE 1. —QUADRUEEIﬁEEASX\%}D Q,UIN’I‘UPLE POINTS IN
CaO—A]zO:—F6203

70,

50.

56,

60.

088,

Composition weight percentage.
Crystalline phases: . : : )
Ca0.{; AL:Os: | FesOs:| TSI
QUADRUPLE POINTS
080, 4CA0ALOFe05. .| 56 o o6 | 13055
Cao, solid-solutions:of: : A
4CaQAlemeOs+20aDFean LAL50 1Bep 57001 ¢ 14855
4Ca0ALOIFe 02 oo oeececnn 6.1 2L0 329 141545

78

QUINTUPLE:FPOINTE"
Ca0, 3CaOALO:
4Ca0AhQaFez 1. o4 37 | 9. | . 134545
3CA0A107%,. 4030.&1‘,0;!‘610‘: ' -
PR 107:7C 7. 001 6 U, © 43 10 . 13354:5.¢
4CaDA1203E'31O;, K $
solid solutions ot aOMsz-f- -
310 S N . 400 b 18+ | 132045~
Sohd. solutmns of~ .
4Ca0ALOFer054-2Co0Fe:04;.| -
Ca0x1:0i4-CaQFes O, i .
CaOFes0s-Ca0Al05° . . _. 28 13 50 12055
TABEE 2-PREFERRED: ?I%O%/PRQSITI ONS. AND THEIR:
\ - Composition:. Melt:
5 : elts
Point:#: - ; - ADDrox.
-CaQ.. | AlO: Fe:0s
) SRRSO - 28 13; 59 1,205
2 30+ 10 60 1,215
3 30:: 20| 50; 1,233
4 31. 23| 46. 1,275
5. 331 17 50 1,275 -
6. 34 27 39 1,.310:
7. 38 23| 39 1,315
8. 38 36 26° 1,315
9 42 i 41 171 1, 320::
. . 42 40 |, 18 1,320
401 30 30 1,330:
47 43 10 1,335
36 56 8 1,335
4% 38 20, 1, 340
55 36 9 1,845
58 35 9 1,354
52 32,1 16, 1,370,
43 34 23 1,370
520 26 |. ¢ 227 1,380
46 27: 27 1,385
57 iy 26 1,395
4T} 48: b 1,.395:
85; 1L | a4 | 1,400
46" 2r 33| 1,415
o BE 6. 41 | 15420
26 e |- HLE 1.5 §7.0. 1,436

Within area E are thé solid solutions: of tetra
caleium.-aluminoferrite-E(4Ca0-—Al03—Fe203) ]
(4€00ALQ:Fe203). and caleium: ferrites including

* dicalcium ferrite: (2€a0OFe03) .

Area.F is<defined: as: the: polygon. within the
hexagon:beunded by -these: series of points, ex~:
pressed in terms of the components CaQ, Al20s3;.
and ‘Fea®s: (reading; clockwise-from -its:toepmost
point)::-

429 CaOr- 409% Al2Oy- 18% Fe203
38% Ca®" " 36% Al203 26 % Fe20s3
349% CaO- 27%: AlOg- 39% Fez03
25% CaO:+ 5% AlO3 - 70% Pe203
28:5%°Ca0y 1:5% Al203: 70 % Fex03
41.5% Cay 1.5%: Al:03 57% PFex03
53% Ca0>: 6% AlsO3 - 41% Pez03
5T9%Ca0; 1T% AlzO%- 26% PFe:Qs
48% Ca0r 219" ALZO3 - 33% Pe2Os

. Area..D.is.defined as. the. irregular six. sided
polygon;. bounded by-these six-points. (starting at
the uppermost:point. arid: reading clockwise) :

479 Ca0: 439 Ale03 109 Fex03
“429% CaO, 409 AT:0%: 189% Fe203 -
469 Catx 2% %: Ah..’&"- 33% Pex03
5%79.Can- T J203 26 % Fe203
52%:Ca0O> %:A1203 - 21:% Fea03
5495:Ca0> - 37% Alz@:f 9% Fe203

Area:C is definedias a four sided. figure bounded:
by:these:points, (starting.at the: uppermost point.
“al): .

45%:Ca0; 5% Fex03
“429%.-CaQ ATaOF - - 18% Fea03 -
4795.Co0: 43% Ales ' 109 Fe203
4995:Ca0y: - 46% AlO% 5% FeaOs
Th'e&constit'nents;pfgminemls ‘within or substan-
tlally: within:.the-areas. E, D..and..C,. by weight.
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percentages of CaO, Ala0s3, and FezO0s, the corre-

sponding point numbers and approximate melting -

points are to be found set out in Table 2. -

'Within the preferred area E, or the less. pré4 :

ferred areas D and C, I na.turally favor the selec~

tion of minerals having lower melting pomts, al-

though for reasons of economy or otherwise, I
may use minerals the composition of .which falls
anywhere within or substantmlly w1th1n the re-
spective areas.

In the disclosure, supra, the additive for fluid-
izing and maturing the slag is a synthetic mineral
which has been formed by mixing CaO, Al:O3
and Fex0s in proper proportion, melting, coolmg,
crushing and sizing. However, the additive may
be formed by simply sintering ‘this migture, cool-
ing and sizing the product Sizing may not even
be necessary. By sintering is meant converting

10

the pulverized components into a continuous '

mass by heating to a temperature considerably
below fusion; union between the particles results
from surface cohesion—no fusion is.involved.

20

That my invention will: be more fully under-
stood, the more detailed practice thereof is illus- -

trated by the following example:"
EXAMPLE o
The furhace (open- hearth or electrie)

charged with limestone, steel scrap and pig iron.
It may or may not contain iron oxide ore. -

charge is melted using any suitable heat source—:

25
s

The -

30

oil, gas or electricity. When lime has risen up °

mto the slag or is coming up into it, one of the.

preferred minerals in a uniform, pulverized con- .

dition is added and well incorporated therein. ','?351 .

That composition containing 139% Al:O3, 28%
CaO and 59 % Pez03, and havmg a M P of 1205°
C.is one of the best.

When added mineral melts ‘it combmes with
the dicalcium silicate coating on-the lumps of
lime floating in the slag, putting it ih solution,
and also with the free lime. In this manner
speeding up of the solution of the llme 1s -ac-
complished.

The use of synthetic minerals of areas E ‘D
and C in the drawing and of predetermined
melting points within the range substantially
1205-1435° C. possesses advantages not to be se-
cured by using fluorspar in conditioning open
hearth and electric furnace steel slags. When
fluorspar is used to thin the slag, the formation
of dicalcium ferrite in the slag is enhanced,
which dicalcium ferrite will -dissociate giving off
FeO. Buf when alumina-containing minerals
such as I propose to.use are added, tetra cal-
cium aluminoferrite is formed in the slag, and
in contrast it does not dissociate to give up OXy-

gen as an oxide of iron. This means that there

is a somewhat lower content of FeO in the slag;

in consequence there is more iron in the bath.

when FeO in the slag is lower.
There has been pointed out supra that, in

addition fto an increased ingot yield for the"

reason just explained, there may be a saving

of lime charged. There is a lower lime charge’

necessary on the basis of the same iron con-
stituents and weights. There is faster heat time
because of the more efficient use of lime.
illustrate, on the basis of tapping 100 tons, in-
creasing the limestone charge 1% would lengthen
the time by approximately one hour. :

It is apparent that many widely different em-
bodiments of this invention may be made with-
out departing from the spirit and scope thereof.
Therefore it is not intended that the invention
be limited except as indicated in the appended
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claims. The abbreviation “M. P.” has its cus-"
tomary meaning of melting point. In the claims
the term “mineral” embraces preferably the
preformed product formed by melting, cooling
and crushing, but also is intended to cover the
product formed by sintering. In the claims the
term “calcium oxide” has been used in reference
to a component in the formation of the slag.
It is intended, of course, to embrace calcium
carbonate and other precursors of calcium oxide,
such conicept being clear from the specification.

I claim:

1. The method of conditioning open hearth
and electric furnace slags in steel manufacture,
which slags contain dicalcium silicate and free
lime, comprising the steps of adding to the slag
a mineral having a M. P. of substantially
1205-1435° C. and whose components of initial
formation were lime, alumina and iron oxide,
and having the percentage relation to each other
as shown in the area of the accompanying draw-
ing " bounded substant1a11y by the following
pomts:

45% CaO 50% Al203 .5% Fe203
429% CaO 40% Al:03 - 18% Fez03
38%. CaO 36% AlOs3 . - 26% Fe03
349% CaO 27% Al203 39% Fex0s3
25% CaO . % Al:0s 0% Fex03
28.5% . CaO 1.5% AlLOs3 70% Fe203
41.5% CaO 1.5% AlsO3 57%- Fe20s
53% Ca0 . 6% Al:03 41% Fe20a -
57% CaO 17% Al203 26% Fe20s3.
529 CaO 26% Al:Oz - 22% Fea0s3
559 CaO 36% Al:O3 9% Fe203
47% CaO 43% Al:O3 10% Fe203
49% CaO 46% AlO3 5% Fex03

which slag has been formed by heating a charge
of metallic iron to be converted and calcium
oxide, employing substantially one-half to ten
pounds of the aforesaid mineral per ton of total
iron melted, the temperature of the furnace be-
ing above the M. P. of the charge and still fur-

‘ther above the M. P. of the aforesaid mineral

but below the M. P. of dicalcium silicate, the
addition of the mineral fluidizing the slag by
melting of the mineral which then combines with
components of the slag.

2. The method of conditioning open hearth
and electric furnace slags in steel manufacture,
which slags contain dicalcium silicate and free -
lime, comprising the steps of adding to the slag
a mineral having a M. P. of substantially
1205-1435° C. and whose components of initial

formation were lime, alumina and iron oxide;

and having the percentage relation to each other
as shown in area C of the accompanying drawing,
which slag has been formed by heating a charge
of metallic iron to be converted and calcium
oxide, employing substantially one-half to ten
pounds of the aforesaid mineral per ton of total
iron melted, the temperature of the furnace be-
ing above the M. P. of the charge and still fur-
ther above the M. P. of the aforesaid mineral

‘but below the M. P. of dicalcium silicate, the

addition of the mineral fluidizing the slag by
melting of the mineral which then combines with
components of the slag. )

3. The method of conditioning open hearth
and electric furnace slags in steel manufacture,
which slags contain dicalcium silicate and free
lime, comprising the steps of adding to the slag a
mineral having a M. P. of substantially 1205-1435°

..C. and whose components of initial'formatio_nv

75

were lime, alumina and iron oxide, and having
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pereent ‘each other as-shown in
“a¥ea D of the accompanying drawing, which slag
has been formed by heating a‘charge of metallic
irén ‘to be coriverted and calcium oxide, employ-

“the pereentage telatio

ing substantially one-half to ten pounds of the -

aforesaid mineral per ‘ton of total iron melted, the
temperature of the furhace being above the M. P.
of the charge ‘and still further above the M. P. of
the aforesaid mineral but below the M. P. of di-
-ealcium - silicate, the addition -of the -mineral
-fluidizing the slag by melting of the mineral which
‘then-combines with components of the slag.
-4, The method of conditioning-open hearth and
welectric furnace slags in-steel-manufacture, which
slags contain dicalcium silicate and free lime,
comprising the steps of “adding to the slag a
minéral having a M. P.of substantially 1205-1435°
“@.-and whose components ‘of initial- formation
“fere lime, -alumina and iron:oxide, and ‘having
‘tHe peréentage relation ‘to: éach other as shown
in area E of the-accompanying drawing, which
slag has been formed by heating a charge of
“metallic iron to be converted and ¢alciutn oxide,

“employing substantially one-half to ten pounds

“f the aforesaid mineral pér ton of total iron
‘melted, the temperature of the furnace being
“ghove the M. P. of the charge and ‘still further
ahove the M. P. of the aforesaid mineral but be-

low the M. P. of dicalcium silicate, the addition
of the mineral fluidizing the slag by meliing of’

the mineral which then combines with com-
ponents of the slag.

5. The method of conditioning open hearth and
electric furnace slags in steel manufacture, which
slags contain dicalcium silicate and free lime,
comprising the steps of adding to the slag a min-
eral having a M. P. of substantially 1205-1435°
C. and whose components of initial formation
were lime, alumina and iron oxide, and having
the percentage relation to each other as shown
in area E of the accompanying drawing, which
slag has been formed by heating a charge of
metallic iron and iron oxide ore to be converted,
and calcium oxide, employing substantially one-
half to ten pounds of the aforesaid mineral per
ton of total iron melted, the temperature of the
furnace being above the M. P. of the charge and
still further above the M. P. of the aforesaid
mineral but below the M. P. of dicalcium silicate,
the addition of the mineral fluidizing the slag by
melting of the mineral which then combines with
components of the slag.

6. The method of conditioning open hearth and
electric furnace slags in steel manufacture, which
slags contain dicalcium silicate and free lime,
comprising the steps of adding to the slag a min-
eral having a M. P. of substantially 1205-1435°
C. and whose components of initial formation
were lime, alumina and iron oxide, and having the
percentage relation to each other as shown in
area D of the accompanying drawing, which slag
has been formed by heating a charge of metailic
jron and iron oxide ore to be converted, and
calcium oxide, employing substantially one-half
to ten pounds of the aforesaid mineral per ton of
total iron melted, the temperature of the furnace

being above the M. P. of the charge and still

further above the M. P. of the aforesaid mineral
but below the M. P. of dicalcium silicate, the addi-
tion of the mineral fluidizing the slag by melting
of the mineral which then combines with com-
ponents of the slag.

7. The method of conditioning open hearth and
electric furnace slags in steel manufacture, which
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‘sTags ‘contain dicaléium 7silicate and free lime,
-éomprising the steps of ‘adding to the slag a min-

‘eral having a-M. P.-of substantially 1205-1435°
‘Cc. and’ whose ‘components ‘of initial formation
‘were -lime, alumina ‘and ‘iron ‘oxide, and having
‘the ‘pereentage Telation to -each -other as shown
in -area ‘C- of the-accompanying drawing, ‘which
slag has been formed by ‘heating 'a ‘charge of
‘metallic iron and iron oxide ore to be-converted,
and calcium oxide, employing substantially one-
half to ten pounds-of the aforesaid mineral per
ton of total iron melted, the temperature of the
furnace being above tthe M. P. of the charge and
still further above the M. P. of the aforesaid
mineral-but below the M. P. of dicalcium silicate,
the addition of themineral fluidizing the slag hy
melting-of the mineral which then combines with
-components of the-slag.

8.- The method of conditioning open hearth and
electric furnace slags in steel manufacture, which
slags contain a dicalcium .silicate and tree lime,
comprising the steps of adding to the slag a min-
eral-having a M. P, of substantially 1205-1435° C.
and ‘whose components of initial formation were
lime, ‘alumina and iron oxide, and having the
percentage relation to each other as shown n the
area of the accompanying drawing bounded sub-
stantially by the following points:

45% CaO 50% -Al2©3 5% Fe20s3
429% CaO 409% Al203 18% Fe20s3
38% CaO 36% Alz03 26% IPe203
349% CaO 27% Al203 39% Fe203
25% CaO 5% Al20s3 0% Fe20s3
28.5% CaO 1.5% Al203 0% Fe20s3
41.59% CaO 1.5% Al03 57% Fe0s3
53% CaO 6% AlO3 41% Iez0s3
57% CaO 17% A)03 26% Ie20s3
52% CaO 26% Al203 22% Fea03
55% CaO 36% Al20s3 9% Fe203
47% CaO 439% Al203 10% Fez0s
499 CaO 46% Al2O3 5% Fe203

which slag has been formed by heating a charge
of metallic iron and iron oxide ore to be con-
verted, and calcium oxide, employing substantial-
ly one-hali of ten pounds of the aioresaid min-
eral per ton of total iron meited, the temperature
of the furnace being above the M. P. of the charge
and still turther anove the WM. P. of the aioresaid
mineral but below the M. P. of dicalcium sili-
cate, the addition of the mineral fluitizing the
slag by melting of the mineral which then com-
bines with components of the slag.

9. The method of conditioning open hearth and
electric furnace siags in steel manufacture, which
slags contain a calcium silicate and free lume,
comprising the steps of adding to the slag, a
mineral having an M. P. of substantialiy 1405-
1435° C., whose components of initial formation
were lime, alumina and iron oxide, and having
the percentage relation to each other as shown
in area E of the accompanying drawing, which
slag has heen formed by heating a charge of
metallic ivron to be converted and calcium oxide,
employing substantially one-half to ten pounds
of the aforesaid mineral per ton of total iron
melted, the temperature of the furnace being
above the M. P. of the charge and still further
above the M. P. of the aforesaid mineral but be-
low the M. P. of dicalcium silicate, the addition
of the mineral fluidizing the slag by melting of
the mineral which then combines with compo-
nents of the slag.

10. The method of conditioning open hearth
and electric furnace slags in steel manufacture,
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which slags contain a calcium silicate and free
lime, comprising the steps of adding to the slag
a mineral having an M. P. of substantially 1205—
1435° C., whose components of initia]l formation
were lime, alumina and iron oxide, and having
the percentage relation to each other as shown
in the area of the accompanying drawing bounded
substantially by the following points:

459% CaO 50% Al203 5% Fe03
429 CaO 40% Al203 18% Fez03
38% CaO 36% Al203 26% TFe203
34% CaO 27% AlaOs 39% PFe20s3
25% CaO 59% Al:O3 0% Fe203
2859% CaoO 15% Al:03 0% Fex0s
41.5% CaO 1.5% Al20; 57% Fe203
53% CaO 6% Al203 419% Fe203
57% CaO 17% Al:O3 26% Fe203
529 CaO 26% AlOz 22% Fe203
559% Cao 36% AlzO3 9% Fe203
47% CaO 43% Al203 10% Fe:03
499% CaO 469% Al203 5% Fe203
which slag has been formed from a charge of

metallic iron to be converted and caleium oxide,
employing substantially one-half to ten pounds
of the aforesaid mineral per ton of total iron
melted, the temperature of the furnace being
above the M. P. of the charge and still further
above the M. P. of the aforesaid mineral but be-
low the M. P. of dicalcium silicate, the addition
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of the mineral fluidizing the slag by melting -of
the mineral which then combines with compo-
nents of the slag. o
‘ JAMES J. BOWDEN.
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