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SYNOPSIS

A. Statement of the Problem

This experimentul inveastigation deals with the estab-
lishment and measurement of the egquilibria between a slag and
molten iron. The slags used are those whioh have a direct
beuring on the reactions which take place in an open-hearth
Turnace, and are & neceéssary preliminary to the study of re-
action rates in the open hearth process.

This inveatigation is ooncerned specificelly with the de-
velopment of an udeguate experimental method, the uss of this
method to determine the distribution of Fe0 between the slag
and the,metal,.and the effect of various additions on this
distribution. This was asccoumplished by placingz @ slag on the
surface of the molten metsl, allowing sufficlent time for.
equilibrium to take place, vnd teking temperatures, and slesg
and metal sumples. The slags wers then analysed for Ca0l,
8105, Te0, F0203, Al203, lg0, and the metal for oxygen and
nitrogen. The metal was held molten for seven or eight hours,
while various slegs were placed on it, and thelr effects
noted. Thq atmosphere was pure dry nitrogen to eliminate the
variable of gasaeous oxidation. .- '

The experimental arrangement embodied a ocombination of
techniques not here~to-fore reported.

1) Rotaution of the orucible to produce a liquid

metal oup.



2)

3)

o

(a) The rotation forus a ocup in which the slag
is held, preventing contemination of the slag
by the walls of the orucible. This method
allows the use of relatively pure Cal =- 85105 -
Te0 slags.

(b) The interfecisl area of the slag and metal is
inoreunsed, promoting tho rate of attalument of
equilibrium,

Developumenut of an accurate and reproducible samp-

ling method for oxygen in liquid iron,

The use of thermo electric elements for the measure-

nent of molten metal terxperatures.

B. Scope of the Htudy
The scope of the ctudy was limited by three consider-

atlons:
1)

- 2)

3)

The teumperature range was limited on the lower end
by the melting point of iron, 1530° C, and on the
upper snd by the power avallable for melting. This
latter condition restricted the upper limit to 1700°
C.

Only those compositions of Fe®, £102, Ca0, could be
studlied, which wers molten in the ubove temperature
range.

The slug compositions were limited for the most part
to those not studied by Ietters and Chipman (72).



c.

Statement of Regults

1)

2)

3)

)

5)

The development of an udeguate technigue for the
study of slag-metal relationahips.

The dotermination of the solubility of FeO in the
molten iron under pure iron oxlde azlags.
Determination ot the distribution of I'e0 betvieon
liquid iron and .slags of the system CaQ ~ Ye0 -
5102.

The determination of the activity of ¥Fe0 in the
slag &8 affected by the composition of the slag.
The fbdetermination of the solubility of nitrogen
in liquid iron.
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LITERATURE SURVEY

A. Slags in the Abgence of Liguid Iron

Since the system Cau0-5102-Fe0 is of importence in

the ceramic and glass industries as well as the steel-
making industries, there has been a lot of research work
done on the system in the abgence of liquid iron. Most of
this work has been done towards establishing the constitu-
tional dlegram of the binary and ternary systems. The em-
Phasis has been placed on the identification of phases.end
their optical constants. Such work is of great value in
determining the composition and memner of formation of oxide
inclusions in solid iron. For molten slags, however, their
greatest valueilios in suggesting the possibilities of ocom-
bound formation., They cannot be used to determine the
degree of assoclation of these compounds in the liquid phase.
This is espeolally true, since these slags are used in steel
making several hundred degrees above their melting points.,
Their value is sufficient, however, to warrent at least an
inspection of the more exact data assembled by the various
workers.

The Bxstem.Fe304-F0203_

White, Crahem, and Hay (1) have reported the binary
system ¥ez03-Fe30, . Thelr diagram is given in Fie. 1.

The melting ranges are qualitative sinoce the oxygen pressure

of these oxldes becomes quite large as the temperaturs goes



up, being 10,000 atmospheres for Fep03 at 1575° C., as
reported by Krings and Schakmenn (2). They give a molting
point of 1595° C. for Fep0j3 and determined the oxygen
pressure ourve of Fey03 versus temperature. Whito (29)
haa obtalned liguidus and solidus points which point to a
cuteotic type of dlagrom rather then a persteoctic.

The System Cn0-Fes03_

Vhite, Graham, end Hoy (1) used cooling curves to
investigate the system Ca0-Fep03 (Fig. 2). They prepared
Cao-ra203 and 2Ca0+Fe,03 and detormined optical properties..
Thelr opinion was thet the dicaloiumferrite ls the more
stable of tho two. Sosman and Nerwin (3) have also inves-.
tigated the system.and reportod these compounds. Thelr
dlagram 1; in substentisl agreement with that of Vhite,
Croham, and Hay. They feel that both of the compounds
_GaO-F0203 and 20&0-F3203 decompose At the melting polint.
Since the Fe203 has en eppreciable oxygen prescure in these
melts, this should be written as a binary system, since
there is &n appreciable amount of FeO formed.

singewald (4) clelms that & large excess of Ca0 glves
3C0+Fe,03, but that the 2Ca0:Fe203 and free lime are the
usual phases found 1n~po£rographio investigation. . Martin .
and R. Vogel (5) claim the existence of a compound Ca0-(FeO)g
end (Ca0), (ro30h)3. However, the last one is quite close
to Ca0°*Fe30, and may have been erroneously reported, since

it 483 very difficult to prepare these compounds pure.
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Konarzewsky (6) reports melt ing points of 1440° C for
2Ca0+Fe305 and 1215° C for Cal-Fe,04, Klarding (7) in re-
rorting on tho ease of reduotion of iron ores says that when
the molecular ratio Ca0/510, 4is 2, all the iron is free to
be reduced, ond that any excess Ca0 tles up the Fegog in the
compound 0&0-?3203. His roductions were carried out at 900 -
1000° C, .

Hay, XoIntosh, Ralt and Vhite (8) used a weight loss
method. They found that CaO decressed the Fe0/Fen04 ratio.
In their viscosity measurements, they dild not find any evi-
dence for the existance of cao.Fezo; at 1600° 0. Hay and
White (9) using oxygen loss us a oriterion, report that CaOe
Fezoj and 20a0.Fep03 are only slightly dissoclated "above the
melting point," end that this dissociation was reversible irf
the melts were cooled slowly enough in the presence of oxygen.
Ca0-Fe0 does not exist, since the formation 6f 2Ca0«Fep03
takes place with surficient energy to liberate iron. They
write the reaction:

20a0 + 3Fe0 — 2Ca0+F'e203 + Fe
They got globules of iron in all their melts., The system to
be correctly interpreted must be written Ca0O-Fe-Fez03.

Crook (10) melted lime- iron oxide mixtures in an oxidi-
zing atmosphere in a ges rired rutnacé and examined the solid-
iried melts microscopically. He found metalie iron in all his
melts, and reported his results on a ternary diagram Ced-FeO-

FegO3. He reports a eutectic betweon‘Feo-30a0~FagOé.
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Table 1, contains a summary of the opinion of various authors

on the stablility =nd exlstence of thoge compounds.

Compound
Ca0~»Fel

Ca0eFo204

2080+Fe04

3Ca0+Fe201

Cu0»(Fe0)g_
(Cal )A(FQ‘BOR)3

TABLE 1

Reference Remnrks

9, 10 Does not exlat in a stable form.

11 Considers Fep03 an acid in B.0.H,
s8lagse.

3 Disacclates at melting point,.

6 llelting point - 121%° C,

No evidenoce of existonce at
1600° C by viscoclty measure-
ments,

12 Cluims this to be the stable
compound &t high tenperatures.

3 Decomposes at melting point.

6 Helting vpint at 1440° C.

13 The stable compound at stesl
muking temperature, ‘

5 Obtained by sintering CalO-
Fozo% Just below the melting
point.

14 Found petrographically in large
magsses of B.O.H. slags,

10

Reports eutectioc Fe0-3Ca0.Fe03

Claimed to huve obtained these
compounds.
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The System Fao-sioz

This systom has been invostigated by Eowen snd Schairexr
(15) and the constitutionsl dlagram is reproduced in Fig. 3.

‘ Klarding (7) reports, bused on reduction characteristios,
that an exosss 510, ovor the mol ratio of Ca0/S10, of 2/1
combines with the Fe0 to form Fe0+3105, At 900-1000° 0, Hay
lioIntosh, Rait & Vhite (8) olaim that inorease in $10, de-
creases the Fe0/Fep03 ratlio and explains it on the basis of
compound formation. Hay, ihite and McIntosh (16) could not
£ind the compound ¥Fe0.510, but confirmed the existence of the
autectio of Bowen and Ychairer, at Te0-2510,°Fe0. They esti-
nmated the aotlivity of Fe0 in severel silicon slsgs by the
rate at which they decarburized a carbon steel at 1100° C.
They agree with Korber that above 1660° C, all the Fe0 is
free ~ none combined with S510,.

Crook (18) found that he got z somevhat different effect
when he melted his oxides in a silica crucible and an iron-
one, lHe believes, however, that 2Fe0.810, 18 the most atable
compound. All of his slegs conteined magnetite when the Fe0
content was in excess of this compound., There was also some
metallic iron In the melts. These observations have been

compiled in Table 2,



TABLE 2
Compound Reference Reniarks
Fe0+S105 7 Evidence of combination based
on ecse of reduction,
8 Change of FeO/Fe20q ratio as
evidence of the existence.
2Fe0+3105 16,17 . Estimate that the compound is
completely dissociated at 1660°C,
18 Believe to be most stable come
pound,

The System Ca0-310,

This binary system has bcocen investigcted by a number of
workers. The best of these (19,20,21,22) have been compiled
to get the constitutionul diegram given in Fig. 4.

Anderson (23) reported on the opticazl properties of
3Ca0.8105 in large masses of slags which cooled slowly. Crys-
télizes in trigonal system. Hay, McIntosh, Ralt & ‘jhite (8)
have made viscosity measurcments. They show no avi@enoa of
Ca0e¢510, exiasting in the liquid. Hartmann (24) also found no
relationship bLetween viscoslity und basiclity.

The System Ca0-Fe-Fe2014

Hay end Vhite (9) have claimed that the lime~oxides
should be reprecented as a ternary, CaO-Fe-Fe203. On the
busis of this dlagram they have explained severzl anomalies

of other investigators. The ternary is reproduced in Fig. 5.
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Fige 5« The Ternary System
Ca0=-Fe-Fez03  (9)

Ca0 %0,

5Ca0 250,

A 2Ca0 50,

- 3¢a0. 8, 0,

2(oot(~zr|!

CaOFe,0,

FeO Fe 394 Fe,0 3

Fig. 6, The Quaternary System
Ca0=-Fe0-Fe03-510, (9
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The System Ca0-Fos03~-Fe0-8102

Filg., 6 glves the quaternary diagram of Ca0-Fep03-Fe0~
3102 from Haey and white (9). They observed the decrepita-
tlon of ortho silicate (20e0:5102) at 674° C. because of
8 volume change. Negresco and Crook (74) have also inves-
tigated this system and identified & number of the complex
liume~iron-silicate, etc., in the solidified melts. They
claim that $0203 is ecidic, but woaker than silica, and
Ca0 will displace FeO,

They olaim that a simple relationship holds for the
slags studied. Thet the per cent FegOB in & slag ﬁay‘be
caloulated to ¥ 1.19 per cent Fe203 by the relationship,

Fex03 = 1/2 (4Fe0 -~ $107)
This relationshiyp is independent of the Ca0 content.

The System Ca0-Si02-Fe0 '

The outstanding work on this system has been done by
Bowen, Schairer, and Fosnjak (25). Thelr work has been
conflirmed by Morey (26) and Sitz (27).

The disgrams of Bowen, Schalrer, and Posnjuk for the
ternary system ore reproduced in Figs. 7 and 8.

The System Mg0-5810-5-Fed

Thig work has also been done by Bowen und Schairer (28),

and 1s reproduced in Figs. ¢ and 10 to show the differonces
end similarities betweon the Ug0-8102-Fa0 system and the
Ca0-8102~Fe0 system.
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By far the most exact work which has been done to
date on the molecular constitutlons of slugs above thelir
melting points was done by J. Vhite (29). He has investi-
gated the Fe0-Ca0-510, slags systematiocally. The method
he used was a welght loss method. He suspended a plutinum
orucible from the erm of a sensitive assay balance into his
high temperature furnace. The coamposition of the gas was
adjusted andequilibrium was followed by welght Qhangas in
the oxldes in the cruclble,

The reactlons studied and the equillbrium constants
determined are given in Table III, '

~ It is well to note that k7 and ky of his work are
apperently rore or less empiricolly errived at. He 1s not
specific as to how they are caleulated, although presunably
they ere caloulnted from the oxide equilibrium measured in
the earlier pa:.jt of the study. Also k9 and k;, are calou-
lated from Korber's data, und parts at least of this have

been shown to be ln error.
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Stool nalers have long rocllizoed tho importunoco of
oﬁr,ya;on in dotormining tho quallty of stool. Ao ocurly oo
1078, Krobo (:’»0). analysod Bopoeroer steol Lor o:«:y@n, 0=
porting 165, ;162, +185, 1715 oxygon. A pomplo of
burnod roil gave <765 oxygon. This diveoted attontion to-
wards oxygon, and peveral nmethods of determination mm do-
velopod. Tuclkor (51) melted his sarplos on onurooal. Thon
iron o galculation of the logs in welght, ui‘tor c.ox'ractins
for earbon pick-up, ha arrivod at an analysis of 2.88% FeO
in burnod otool. 5005 Fed was found in bloym Bossomer
motol. Troilius (52) used a chlorine solution mathod. do~
tornining 510, and ¥e0 on the mmma iranmua. Lodebur
(35, 34) uged the ohloplna mmthod (volatiliuution of the
iron o3 15'0615) and the hydrogon rcductian mothod (waiglwd
oxymn oo Hnt:)) to dotornine oxysoR. Tho Lirst use of tlw

so-onlled vacuuwa Lothod (:in graphlto orx..ciblos) vao nade
by Obcrhni‘mr and Ifos.,em.arucn (35). A c::iticnl mtuay oi’
tho various mtho&s i‘or o:m,czn mulynie xmn bcscn mua by‘
Thompeon, Vaoher end Bz*la,ht (66) 'I‘iwy COnPANs ol 'mcuum
tusion, hyc‘i:cocc n reﬁuatmn. ohlorino volatnlmtion ' 5.oaixmw
mothods (wt uo.!.ubion), mluctrolytic mcthod. nitric. ucid,
ond hydraohlorio nold polutions L.nd oancluﬂad thut ﬁha .
vacuun rusion wt.hoa vias tlm £ost mliablo. ‘I.‘hia matmd has
boon us«aa oxolunively in this mtudy.
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The solubility of oxygen in liguid steel hes bsen ob-
servad by a number of workers., Le Chatlier (37) reported
the solubllity of .2L4% oxygen ot 1600° C. Austin (38) dur-
ing an investigaetion of the effect of oxygen on the physical
properties of iron reported a maximum value of .288% oxygen.
Ko tempsratures were recorded. Pickard (39) held iron under
en oxidizing slag for many hours and got .092 oxygen. How-
ever, he had .022 carbon in the metal which would limit the
solubility. He gave .405% Fe0 as the solubility in liquiad
stesl. Ko temperatures were glven, The Bureau of Stendards
(40) gives an oxygen content of .21% to iron melted in quiet
air. Tritton and Hanson (41) determined the constitutional
diagram of iron and oxygen, 'fhey gave a valua of .R1% oxygen
at 15h5°b. (platinum couple), snd a solid solubility of o055,
They elso reported the melting point of FeO at 1370°C., The
melting point of iron saturated with FeQ was reported us
1524°C. end that with .08 oxygen at 1535°C.

Burgess (42) reports .26% oxygen as the solubility of
oxygen in 1iquid iron at 1600°C. Herty znd co-worker (43)
made the first large laboratory investigation to deteruine
the solubllity of oxygen in molten fron. They melted their
oharge in magnesia ocrucible, keeping 1}quid sleg on the sure
race, The melts were mampled,in steel apoons and poured
into g steel mold. There was no difference in the oxygen

‘analyses tuken with the power onm, end with the power off,
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indleating no eabrapment of irvon axlde droplobts duo to tho
sbtlirzing of tio relb. The notol analysos varlod soncwhab
as to carbon, fron 003 to 011, whioh may have influonood
thole oxygon values, 8incoe the somples wore soburatod with
oxypon, pouriug through alry into a mold could kot inercaso
tho Glogolvod oxygen, bub thowo could cusily boe entrapped
iron oxido dua to Lilm fumactlon on tho swrface of Hhe metod.,
A1 tomperatures wers 'talmn with en optical pyromotor. fhe
exlgsivity of the potol was detorminod by using o pilg irvon
molt, Shd mighting alteraatoly on the murfacs of tho -botl
oand :nyt;a o tube Iluvmorzod in tho bath. An cxvoy moy bo ine
volved horo, pinee tho m::iﬁuivity of 1iguid ivon ip roportod
os o305, and that of pip lvon as .45, (44).
| They ailoved fifteon ninutes for the atbainmont of

oguilibrinz, Tho Fed cantont of tho olegss was coleuloatod ag
Fed + 1.50 Fog05, vhich asoumos ths roductlon of Fepldy by
tho fron 4o FoO ot the inbertace, ard may or may not be justi-
fied. The Fpp0s xan from 1775 In axlde slags to 2067 in liwo
bearing clogo. They oxprosgcd the oplnion thet tho lime com=
younds woere completoly dlssociuteld in the slop ond %imz tho
oxygen digsolved in tho liquid ivon wag dirootly proportional
t0 tho mok fraction ¥od in the slug.

Horty and Galnos (45) continucd this woris. Shey 1o~
ported tho followlug duta Loxr puws Cad w- o0 und $i0p - Fad
slapo.  Thooe plugs procumably had tho pamo Fed contont.
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Tanporaturo Cafd - Ted {lan Sioawl?at) Slore ﬂ

JE40°Ca «118 + QG0
1H05°C, W36 2102

Thelyr rooswlis arvo sphown In Pigo. L1 end 22,
Forbor tud Oclgon (48) have olso coarriod oub an oztone

pivo invostigabion into the polubdlity of TFol in liquid ixon.

Thely molto wore made in marmosia cruciblog. Tho plag wmg
added’ in sufficlent amount to leep & pnall bhare gpot in the
conter of the melt. Optiocal temperatures were measured on
both, tho bxlight edge of tho slag, and the bawe purfooce of
tho motuol. An enfspivity constant of 40 was usod for the
potal and 65 fox tho slag. The olog sanmplos wore dlppod
out In an iron spoon, or, atb higher tomnoratures, poured into
o small coppor mold. Hore agein ontropment: of oxide filn
mfgh'ﬁ seoount for the apperontly high reowlts. The dlotyple
bution of Fed botveon tho slog and matal was coloulntod to
1005 Fad in the slapg. A pood moany of his slags hod 955 FeO.
His data oan be exprossod by the ecuation:

-~ 5883

AT 5
log $ox e gt 2010

and iz reproduscd along with Herty's data in Flg,. 1G.

Chiprman and Tetters (47) hovo made an Investigation of
the mlubility of oxygen in liquid iron undor oxldizing sless.
Thoy nelted a 70/ hoat of iron undor vaswun to ronove ocrbon.
Then thmf daturdtéd the metal with Fa0, Tho slag wao kopt
molten by moeons of u graphite heotor of opeclal design, Aboud
S0 m&huﬁéiﬁ vas allo&ad i‘or aquiliﬁrlum. Tho tonperatura vies



7
noasurod by meons of 4 tungsteon-nolybdonum thormocouple ens
cased in a magacsla protoction tubo. Slog and netel semplos
woro thon tolkon. Tholy rosultso wore diotinotly difforont
from those obtolned by Korbey, Ocloon and Herby. According
to thon, tho solubllity of oxyron in liquid iron can bo ox=-
prossed by tho equation

log $4 O = =-4860/T + 1,935
Table 4 1o a compllatlon of the wori dono to date on
the solublility of Te0 in 1iquid iron under oxidizing olopg,
Jette, Ellls cnd Chipmon (71) tooic olag soaples dlroctly
irom the opon hearth furnuce. Thoy thon placed those slops
in on oxporimentel furnuce and attonpted to doterming the
| actual mlui.librm. Tho squilibric were po far displeced
from that Tfound in the opon hoarth furnace thut tlo finel
analysio obtoined in the slap bore little rosemblunce to the
storting anulysio. Tho yooults fron thogo oxporimonts ure
roported in thoir sorics A oxporiments (73).  Thoy usod o
e;mphiw houber over tho slag, ’uu*.'z’ the tomporaturs of tho
olag vas g9 fue bolow the actusl taaperaturo of thoe neotad
thut tomporaturoes wore lator ocleuloted rom & mansanese cone
gtant (Kg), dotornineid by ancther sorices of hoats, Sordics B.
They uvoed o buosiclty measuza
- (Cao) ‘ B
R™ 2 (510p) + B (Fa0g) A

Ky = (o) vas &iﬂpmead by varying R. Impirically
(#0) o
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they i‘ounﬁ that 1f thoy plotted log Ky R vo % thoy got
o sponslbly straipght linc. The sume repults woro obbainod
for 50/ (FBOT) vhere FaQp = Fo0 + 3 Fo,0s.
K, = (1m0) TYe
H 0 ln
log K, = 10 4701 ~ 4.502
log K R = 5066TF ~ 2,085

K, = .9 .
u L)
(Fo0),

log Ky R = =4510TF + 1,001

Sinco the R appears only in those equatfons in which (Fod)
eppears in tho denoninator, 1t is concluded that it is tho
chango in cotivity of (Fed) that makes this nocessary and
the R"/ & moy in a gonoo bo rogarded as the cotivity coeflfl-
clont. Soverol units for (I'ed) were tricd, for instunce
(Fo0)gy and sovorel moosuxos of baslelty such as B = (Ce0) +
(1320), but the units described sbove geemad to make the moat
gonge whon appliod to tho date. The wetivity cooffiolont
Hl/ % oould not be used when applied to the acid olapgs of
Korbor and Oelson, otc. ‘

Kringe and Schackmonn (78) olaimed thot additions of
Ca0 9Bi03 did not affect tho manganese constont, but thab
8 Ca0+810, show an ineroosing valuo with lima. Thoy olaimoed
that this ohowed that tho other sllicate dlssociatoed.
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Flg. 19. Apparent solubility of Mgl in
slags in contact with solid magnesia at
1600° ¢ (72)
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MOL PER CENT C.0

Fig. 17. Activity of iron oxide in slags
plotted on a mol fraction basis (72)

Flg. 18, Percentage ro203°1n slags in

equilibrium with liquid ifon at 1600° ¢ (72)
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Fig, 15, Oxygen content of metal at 1600° C
in equilibrium with slags of the system
(Ca0 + Mgl) - FeO - 8510, (72)
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Kmn = (Fo0) In = ,0032 & .0005 at 1550 = 16560°C,
(in0) TFe

10g Ky = = 7280 71 + 1,503

Fotters ond Chipman {(72) have studied the equillibria
of 1iquid iron cnd slags of the systen Ca0 = gl ~ Fed = 510,
in some detail., Their furnace was heatsd by induction md
was the pamo as the one used in the Series B oxperimonts of
the lest reference (71).

They nllowed thirty minutes for the attainmont of
oguilibria.

Tho enalyses coverod are shown in Fig. 14.

Firz. 15 shows tho oxygen content of the metal corrected
10 1600°C, in oquilibrium with tho varlous sleg analyses.

Tig. 16 shows the distribution at 1600°C. of oxygen bo-
twoon slag and metal.

L, =%0 /% (I?GOJT

¥c. 17 shows tho caloulatod velues of the cotivity if
tlia To0 in the slog is plotted on o mol fraction basis.

Fig. 10 shows the por dent FeyOx in slag in equillbria
with 1iquid iron at 1000°C.

¥ig. 19 shows tho epparent solubility of 1ig0 in the
alags ot 1600°C, .

Fig. 20 shows tho dovietion from Raoult's luw of slago
it the gysten 2 Ca0 * 5105 = FoO.
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Fig. 21. Oxygen in metal vs. mol
fraction Fely in slag system Fe0-Ca0 (72)
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Fige. 21 shows an apparont deviation in ideality in the
oyston Ca0 ~ Felx. . |

Tlg. 22 plves the oxygen in the motal veirsus mol Lr00-
~ tion Ted in the slag systom FeO - Cao' - Ca0 * Fap0z.

A thermodynamic study of the data is not attompted, but
the cuthors polnt out thet tho oxlstance of & Cod 810, and
Co0 + Foy05 i3 indlicated. |
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CG.  Opon Hearth studies on Slas-meotal Touilibria

Thore has beon & grout denl of work on the study of tho
course of tho reactions in opon hearth furnaces, both basle
~ ond aecid. Nunerous attempto have beon nmado to costablish ro~
lationships botwoeon tho compononts of $ho slogs, and to apply
the law of maso action to those compononts. Those attompts
have been, in gonoral, sufpriulmly sucoossful in consldor—-
otion of the faet thot the open heurth furnace io a nmothod
of utilizing rates of reaction rathor then oquilibria condl-
tions. It would seem thot townrds the end of & heat, the
oleg and meotel have approached o state which, while probably
not at oquilibrium, at least admlts of troatnont:-by tho law
of mass action to give what might be called worlking eguili-
briwa constonts.

The partition of Ied betweon the slog and notul only
approaches oquilibrium when the carbon is leoss thon one tonth
of one por coat, ond the monganoso content ls less than 05,
I tho oarben contont is abowve this value, 1t ocomplotoly
controls the oxygon content of the bath by the roaotion..

[Fe0] + [C] M(FQ:! + ¢ot
The wound brackobs refer to slup composition, tho oquore
to metal composition. |
Since n part of the heuts thot have been studlod con=-
tain corbon and monsanese above thegse values, no concluasion
can ba drawn conoerning the distridution of Fod betweon the
8log and the metal, for the puro Cul - 85i0g = To0 systen.
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Wiloon (48) n&vaxicaﬂ the theory of "outomatic viscoolty®.
He olaimed that when o sleg departs from its optlmun visco-
s8ity reactions toko x}luoa whioh will bring this vizoosity
~ back to 1ts origlnal value.. He sald that Lnd behoved tho
sams oo FeQ in the slags, that 111205 was neutral and that
¥o0 wao aclidic in naturs.

 Qolelough (49) sodd thut slags were Lormed gssentlully
of © botre~caloic phosphate of lima with Camsiog, L0 end
1n0 elong with it. The addition of celd oxides to the slog
caused o revorsion of phospuorug to tho metoel, bub basic
oxldes did not altor tho existance of this compound. IHe
olaimed that a stable compound of lims and ferric oxideioxzist
in tho slag. s loter mads an effort ‘bp‘npply.tm 1aw of
nasy actlon to opsn hearth olags (50) while carefully otubing
that oquiliveiun is not avtalned. Ho roported o constant
for Uangoneso ag »0UL0 and studlied the rato curves for soveral
heata.

’Buhlaichar‘ {51) cavofully analyzed twonty-Live basie
open hoarth xxlu{gs. Ho clains the Cad + Mg0 + 1m0 is o con-
b'bunb, and Mmﬁ yn0 48 o linear funetion of Ca0 + L0. Tho
Lommula (Ca0 + 1g0)= - .16/14, 1m0 + 60 £its his data. The
iron aontant of awm ralw_,n is a 1imaar fuuation of (510,,
PrOg).

Fo05 = "'g?ﬁzri(ﬁi@g + PpOg) + 26.4

'l'ammm ond Ooloen (52) investigated the slag-netel

mlm.io 1.,31113') ﬁ.n an open hearth ;Curnaca. Whon tho mol rotio
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$ 810, oxcoods two, the lime and eillea ore oorbhinoed and
tho other oxides ore meroly in solution. For ratios loss
than two, paxt of the iron ond nmangcnese oxldes combine with
the pilica. Tho ortho siliocate (2 CuleS8i0p) io stgble ox
slightly diososiatod in steol making practlce, The matio
¥ 3 Teply daorensosn vith inorcasing basiolity ond ﬁacrmamina
temperatura. This ratiov veries in the open hecrpth with the
depth of the slap loyer fron 2.4 on the surfacs to 3.2 just
over the metal. They xoported thatlg%a
a plight dependence on temperature.
Booh (63) followed the variation of the iron cnd man-
ganese content of the aslag with basloeity Cal : 5105. Ils xo=
ports that the iron content inorenses with basleity, und he
shows the course of sevoral heats with varying basioity, o
defines Ca0/S10;  1.24 = 1.53 - acld
1.8 - 3143 - Dosto
2,01 =~ 343 =~ hishly’bnﬂic
o corralutea,tha appoaranca of & amall caLe of alag'wmth
bmniaity.
Riohuxma (o&) durinu o stu&y cf denhndnhozi.ation ﬂow
rinma aoiﬁity un:
8103  Pa05. * K05 | Tez0s

| A ow - 177 1.09 4 _
 810p 4 Pg0p , M3 , Feplz | Ge0 , 50 1D . YO

Thia fovmula ralatem the aoiditias un& b niolties to ﬂillaa‘
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and lime roopectivoly. lo found that A had tho i‘ollawix;a :
offect on dophogphorization:
A D 02 - 1o dophogphorization.
B2 D A > W20 =~ dapizosphwi."ua in oxidizing atrosphore.
26 7 A > .2 - aanhonpho rization in noutral atmosphero.

—n W8l A - dopho..:phari“ation in a mauaingg; atmog=
\\ . V phorae.

‘Gulmong and Koeltenbach (U5) investiguted ¥Fo0 ~ 540, and
Cod - Hegd = 510, slegs in rolatlon to the stato of oxldation
of the lvon at 1230°C., 1320°C., 1410°C, WThoy obsorved that
Ca0 favors tho formotion of Feply ond that lncrvousing touporas
ture favors the formation of Fed. 210 mvarn tho Loruiation
of Fc0 in tho prosenco of silica. An inerocco in tho line
pilica ratioc deoroasos Lho Fed § Fepds rotio, and an iuercase
in pilfea inewdasos tho watlo. )

Horty, Cristopler, Freeman and Sunderson (18) made a
serlos of invaatiggm'.iam ca opon heurth slogs. Thoy Cound
that the evailable Fod decrouscs with mmcmy, on tho baosig
thoy the avalleblo Fed in the notal is proportloncl to the
TeO in the slug. They alwo found that Fel : Fe 0, ratio da=-
oreases with busloity al conoluded that the Cal was present
8s 2 Cud+Tep0g. ﬁt ‘:z.m\ baglelty they found that the Foplz/
Fob ratio Was Om, ond oy Fo,Oz above this was conblnnd
with Cua0. | . S . ‘

nammmqm? (1 "‘nmmczi.wr (&5) followad mm courno of |
t‘blmht opon hoarth hoato. *rhey clain that tho sontrolling
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voootdon is the corbon-oxygon woaction, ond tho Fold in tho
olag boging to oxort somo control at 2% C. Thoy Lound
that high linmo tonded to £ix the Fe 0z contont.

gchonok and Rioss (57) invan;;igatea the slop=notal
rolationships in a 20 ton basic opon heorth furnace. Thoy
oloimed that 10 was pregont as freo Mn0 and as a silicato,
along with Troc 81053 that the conpoundg e * moa and
Ca0 * 9105 oxistod in tho slag. From their data thoy calou=
lated "oquﬂ.lﬁ.briuﬁ“ oconastants.
2 ¥eO » 5105 log Dy = =0 v 7.7

-~ 18680
SIm0+810; 1ogDp = T 10,77

Co0 * 8105 log Dy = =3180 4+ p.61
iy
3 Ca0 *Feplz log Dy = :..1’5.‘3.?%. + 27.20

Thoy olaimed that the FoO oxisted as frec Fe0, a
pilicatoe and combinod with limo, and that tho Ca0 oxlsted as
fres Cad, a phosphate, silicote and combined with Fod.

Sohenck and Druggonmann (58) studled ten acld open
haarth lioats. 'mey detorained tho oquilibria cristing bo-

tweon manganese and silicon in the metnl.

5 W

log Ky = :_%LQ-Q + 4,495

The distribution ratio of Fod in the sleg to Fod in
the metal wao givon as 0134 ot 1577°C. Optiocl tomperatures
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were toiken on é\ gpoon sample taken from the furnaco and a
856°C. corraction added for cooling.

Humason (59) used the Richarme acidity moosuro to study
tho open heorth process. e assuried that the I'ed oxlsted
as Fo0 «5i0s. Thon with x mols of o0, the exooss Fod would
bo (x ~ 1) molg and w = X ~ 1 would be tho fraction of freo
Fod. Substituting this in:éo tho aeldity of Richarme, he got

60 _
00 + 506x

and elininating x, he got

=

wel= 1,936 A
1-4A

Troe FeO = £ = FoOy = FoO » 1 ~ 1.956 A
1=-A

Uoing the ternory diogran ho calculated 1so-free Fo0 linas.
Korbox (60) studicd ths effect of additions on the ro-
totions betwoon liquid iron, iron and rangunese etc. Ie

Btudied the effect of curbon on tho mangonose silloon oqulli-
briun. Also the effect of tomperasture, phogphorous, and
sulfur. Carbon, phogphorous end temporoture nll have the
tane effact as to dimootion in that incroasing any ono off
those shifts theequilibriui. This is showm in Fig. £3.

~ Ivonov and Romodin (61) ‘studied the oxldizing powor of
basic open hoarth slogs. Thoy used tho rate of carbon drop
and (Mno0)/(tm] as oriterla for oxldizing power. Tho oxi-
dizing powor dinoroased up to a certain basicity, 3.1, along
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with the Fe0 and Feglme Ovar 5.2 to 5.3 basicity tho oxi-
alzing péwmr dooreasod vith bavicity. He explained this by
the increaso in viscoslty. His maxlmun rate wes 3070/ /hr.
on o 70 ton open henrth. Hio sleg analyses varled widely
With 1950 ond Al 0g. .

Chipnon ond Fetters (O2) have made g statistiosl anol-
yailg open keorth data from o numbor of plants and for & nun~
bar of carbon eontents. Thoy dofine a Yeorreoted" lims-
8ilioa ratio as

{Cu0)
(5102) + ,834 (P0g)
‘"‘hey segrogated their dm;o. into groups of carbon contont cnd

=

studied the rungenese constant ond various distribution
ratlos.. They estoblishod the following relationshipo:
Inorease with carbon

fe] [Fod) , (tm), (Foo )/ (ve0] , (3)/ [.3] 3;{.. ;u(,her corbons

Doorasve with eorbon
[rao]. (1“00), (Fo,04)
Imlepandant of onrban '
(Fop05)/(Fo0), (1m0)/(m]

- At constant carbon an inercase in R was accompaniod by an

inoreane in (Fod), (I?ono,;,), (1?0003)/(1"00): (-!-”30)/[1'00]
tmlw. | |



D. Thormodynemie Studles ~ Mo Zzxporirontal Rosults
Sovorul offorts have beon mede to opply physilco-clomical
daws to tho various conditions and rosctlons provailirg in
an opon hoarth furnzeo. Those ctioxnpbs hove boon soriously
handloepped by a lack of precise date, e leck which ig not |
surprising whon the oxporimontal difticultios oxe considercd.
In gpits of thege hondioaps, a mumbor of attompts havo boon
made by moong of assumptions to extond our knowledso of slage-
notal roovctlons,

Styri (63) made a numbor of caleulations basod on the
fragrentary data thon {(1923) avollable on tho theoretical
oguilibriun in reversiblo roanctions in stecl nmaking.

LecCanco {64) sumnmapized the dotwe which had boon collectod
up to the timo ho published his article. |

Hodfiold (65), as cholrman of a symposiun on physlool
chondotry of shtool making summardzod tho ossenticl probloms
of the steol industry and spuggested several meothods of attuck,

Sauverwald (06) developed the possibility of the use of
nass action equations in stecl making reactions quite elab-
oratoly. Ho suggooted that o rototing llquid orucible could
be used to study sles-metul reactions,

Sauoxwald end IMumnitsoh (67) compilod the available
date on molten stool and iron into an oxcellont tablo. I
Covered Fe -~ 0, Fa = FoO - Ce0, I'o - 0 - C, o - S - 0, |
Fo - lin - 0, Phosphorous and Sulfur,



Chilpman and lurphy (068) rovicwed tho available dato
ond by means of a nunbor of aspumpbions and approximations
caloulatod now cquations.

Ulich, Sclwartsz cnd Cruse (69) tabulatod tho hoats of
roaotlon for o numbor of metallurgical roactions.,

The moat compleoto compilutlion of data has boen nade
by XK. K. Kolly (70) in the Burosu of Mincs.
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There are two mothods avallablo for meusuring the tom-
pexnturces of liguid iron and slag. One of thoso is tho
optioal rothod, and is limited by our knowledmo of the enige
sivities of the surface of the slag or metol, The otheyr
pathod 18 a thormoclectrie nothod ond is limited by the ro-
olptange of the rﬁi‘r&ctory proteotion tubes to the oxtremely
corrogive aotion of the olag.

The optleal pyroneter is suitoblo only under ideal con-
ditlons, i.0. known emiusivities, ro smoke or othor light
abgorbing medium, ete. Thoso conditions aro rurcly obtained
in pruotice. Tobles of enlsoivitien are availuble Tor
various materiols in the open {44) but thoso emisoivities
may vary with tho depth to which the furnace crucible in
£illed (79).

A ooloxr pyrocobor callad “Bloptix" has recontly appoared
in upe in Germony. It was originated and devolopod by
Ge Haluer (80, 81, 83). It is designed to msusure the rotilo
-of tho intonoities of two selccted colors. This ratlo is a
function of temperature and is lindependent of omissivities.

Only o few of the elemsnts are sultuble for making a
thermooouple whioh c¢an be used in tho rongo 1500 - 1750°C,
The first to be used penerally for hich temperature measure=
ment. was the Lo Chatller couple of plutinum and platinum~ -
Thodium. This couplo is psatlsfactory but is quito oxponsive.
Since the rhodiwa has an apprecicble vapor pressure at these



temposratures, and mu mmrmclcmmms aro cuite cugcoptidle
to contondination, it muot bc mcu.libmtod Trequently .

Flttorer (83) hes used onybon and silicon ooarbide us
tlxoxﬁealcmantn and olaing that those are usablo up to ot
leost 1800°C. with ono per cent exror, Iis cleimg have boen
quastioned Ly othoxr vorkers.:

Osan and Sohrooder (44) hove usod tungston and molyb=
demus for the thormoslenents. They calibrated the cuuplczf «\

by comparison with platinum-pletinum-~-rhodium thormocouplo! \“ ;{d

tm eptlcal mmammr. Eseh lot of wire wag uniforn in it%ci}.r,
buf. differont lots varled. They exposed the couplo to vaxiou.:
wess without effect. They estimated the linits of uouurga\ \ X

to plug or minus 5°C. ‘ N

¢ Liober (84) measurod 0p€m hearth temperatures usinu v
tunaatm-'mlybdmmm thermocouple with the cold end wator

cooled. S S , ( k'\ |

W "+ Sohofield und Grace (85) desoribe the use of platipu.n-* \‘ !
Dlu.tiuum-xhpaiwn thernoosuple sheathed in a thin wallod fu cd
a;liou tube. The temperature was read within a few saconds
01’ tho ﬁm of ‘immersion and the couple withdraown intact.
fa‘:";é The opticnl uethod was unsultable for this woxk; -\
a mmmm 8 thormocouple could not be used beccuse of aontmrr-
imwion wi:bh sarbon; therefore tungston-molybdonum thexmo= |

A\l
\‘ N

°‘/§Pplw end plm.tinumplathmm«-rhodium thermooouplas weore wsed. \

'l‘hu lutter waf;; used only oomsionully og o 011001*:.

S



In the selestion of a furnooe for the study of slog-
wobel oquilibeia, sovemi points st be considovad;

{a) The ntmonpham st be aontrollabla.

{b) *ho slag and mtul r.mst ba m: tho x:am temnar‘..

WQ- T . | . |
{0} The tmpamtﬁré mgt be maintained ot o constant
setting ovor a period of tine.
(d) The metal muat bo étir;f‘ud in order that oguili-
_ brium roy bs obtained ‘::&pidly. |

Those conditions are bost satisfied by the induction furnaco.
The power supply 1s essenticlly s snarlc—-rad. cseilintor, |
Flge 24, ono part of tha i;xamtmwa ol s.ms.un compriges the
coll of tho i"urnuco, the oharge being heated by tho lnduced
addy ocurronts. The unit used :Ln thuda e}marimonm ag o pove
Bupply is thoe Mnx-uorthup 80 KVA canverter which 1o anply
dosoribod olsewhero (77). |

This type of furncce provides a :xcluticm ta all the
ahove condltlons ‘but (b). The slag is not arfeqted by the
hig.;h froquenoy ,ﬁem, : aria 80 mt ba M&ted by othor noansa,
Thero are soveral Im.mible aalut;mns to thia pmhlen, and
they vAll bo ddsoussed in g;rwm detail 1atex'. -

B Furnace |
Threc typos of rxmmcas were tried in th:}.a utuay - or

tho :f.‘irm; 10, brlel mamion wil.'!. ve mude ona.y, tho thj.rd



Fig. 25, Are-~induction furnace

Flg. 20. Murnace chamber of are-induction
furnace with electrodes in position,
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being the one which was finelly found suitable and
adopted. |

The first furnace was constructed by Drs. Jette and
Chipmen (71) in their work on the slag-metal cquilibrium
problem, and was used in their "Serles A" experiments
recently reported. It was subscquontly discarded bscouse
of its limitations as to saﬁpling, since it was neoossary to
use the whole heat as the semple. Also, with the carbon
slug heater used, there was about e 200-300° differential
between temperaturc off the metol and thut of tho upper
surface of tho slag.

The second furnaca was construocted using the seme coll
&8 the firat ond the same pouring arrangement. (Sog Flg., 25
end 26) In this furnace the metal charge was heated by in-
duction, and the slag was kept hotcby'mwana of an alternating
current arc which was struck above the bath. 'The arc and
bath wero covered by & dome roor mado or Babeoook & Vilcox
K-30 Lnaulatlng fire brick, comontad on the outside surface
to make the rather porous K-30 reasonably gas-tlght. Fure,
dry nitrogen was fed into the furnace chamber through a
silica tubs in & hole in the foof."ﬂftar the mstel was
molten, conniderable qnantity ot sla& was. added through

another hole in the roof, and the arc was atarted. Slag

hed to be added from'bimo to timo'to kaqp the bath covered,




i - Refraciory

NN\ T
Mica AN Q\\ Ny
¥ b;
Rotating Transite k2
H. liquid = | “board
8 crucible SR\ coil A<
] : % [\ support @
Q. Q et
Ql Q. oM O
o) S &
~ <
Ja2
O
A
> o= ) 1 —
Graphite
= raphite - =
Lamp black ‘o

NSNS g B R NN
: ﬁﬁlk‘ | 65+ 100 mesh W- .-«.1 ku%‘
NN\ N f

Y
Transite board " p— Ilf

Refraﬂnry
tube

Fig. 27. Section of high frequenoy induction
laboratory furnace using rotating liguid
orucibles (72)

Fig. 29, Furnsce with thewrireolay flue
line removed.



3

since the magnesia crucible gosked up large quentitles
of it., After the heat had beecn molten for about ona
hour, the temperature was taken by meansof a tungsten-
molybdenum thermocouple (to be desocribzd later), end the
heat was poured immediately into the copper mold., The
use of the arc kept the slag hot enough, but since the
whole heat made up the msample, it sscmed that progress
wouldibo.slow. Also, considerable difficulty was ex-
periencéd in moking a gas-tight seal between the X-30
1id and the edge of the orucible, For these two reasons,

the rurnqce was discarded.

The third furnace and that which was finally used,
was en adaptation of a furnece desoribed by Barrett,
Holbrook and Wood (76). In thelr work, the&-usaa a ro-
tating furnace vith the liquid metal forming a oup in
which the slag was collacted, mo that 1t d1d not come in
contact with the corucible walls. They constructed three
types of furnaces., The first was sasentlally a rotating
refractory oylinder containing the wmagnesia crucible which
was itaelf heated by a graphite crucible (Fig. 27). 1In
the smedond, only the magnesia orucible rotuted, thé‘cy11n~
drical graphite heater being statlonary.‘"In'fhe third, the
0011 and oruoible revolved, and the metal was hoated
direotmy'by‘induotion; : |
| The design rinally used 1s shown in Fig. 28, and will
be deascribed in some detall. The outer case (A) 1s a fire



cley flue liner, end is for control of the atmosphere.
The top (B) and base (C) are slberene stone. The coll
 supports (D) ers of "Formica" a phenolin resin, pressed
paper matericl., The driving mechanlsnm () rotates the
steel shaft (F), the alberens base to the furnace (¢),
the transite ring (H), the .silica tube (I), and the X~30
114 (K). All other parts of the unit are statlonery,
inocluding tho coll (L), and the Al203 entry tube ().

It was found desirable to keep tha smount of tran-
site used to & minimum. Transito, which is largoly
ceusnt, glves off large volumes of water vapor when the
temperature is ralsed. This water vapor gcts as & powsr-
Tul oxidizing agent,on.molton Sron, aﬁd equilibrium could
not have been attained until all thaviron had been con-
verted into irom oxlde. |

The fireclay flue liner (A), was cemented to the
elperens base (C), by means of Cenco "Pllcene,' an as-
phelt base cement which can be applied with a torech. All
water and power leads were brought in through the alberene
base (C) ond cemented in with Plicens s0 that they were
gas-tight. The oil seal cup was also cemsnted on to the
alberens in this mcnner. The alberénp top (B) was mede

gas-tight with the fireclay flue 1iner by means of ordinary

impervious medlical adhesive teps. This umade & surprisingly
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Fig. 30, PMurnace viewed from the top

with the alberene lid off.

4




good seal, even when tho top of the furnace became
quite hot,

The brass sight tube was threaded direotly into the
alberens, and no precautions were necegssary here to make
it nearly gas tight, since the resistance of the path
was sufficlent to support the slight gas pressure under
whioh the whole unit was run. The cap on the sight tube
was fixed in such & way that a half turn would completely
releass it, through the use of & "bresch thread."” The
gasket materisl used under the pyrex window wus high
pressure steam gasketing made by "Garlook," and stood the
rather high teumpersture (for gusket materials), without
failure. After seversal types of cement (C) had been tried
with varying success between the transite ring (A) and the
8ilica tube (I), the one finally used was & silica cemeut
supplied by the Harblison~-Walker Company. This is an alr
setting cement composed of silica sand of asbout 80 mesh
and finer mixed with sufflclient sodium silicate to bond 1t.
Care was taken to completely rill the narrow slot with this
cement, Fig. 29 shows the furnace with the flue line case
removed. . Fig. 30 shows the furnsce viewed frau the top
with the alberene 1id off. The iron shell 1s in place,
Fig. .31 shows the furnace completely assembled and ready

to operats.
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The alignment of the gilioa tube is of grest
Importance, end should be done carefully, Singe these
tubes are never round, they must bo eligned as nearly
an possible sbout an axis of rotation, mors or less by
triel and error.

The erucible cover which had been cut from two
stendard size Bebcock & Wilecox K-30 insuleting brick,
was then contered as carefully ag possible., A strip
of sheot mica was Ingerted between the E-30 cover and
the oilice tube to provide an expansion Joint. MNgO
send was poured around the mica to form a scal. This
sand vas not tamped, since it vias found thet the X-30
brick would expand enough to bresk the sillica tube ir
the nund were tamped. The life of these covers was
materislly lengthened by coating the under surface of
tho 114 with Al03 cement. The most satisfactory
cement for this purpose was found to bo one rart of
Nortoh'a high temperature "Alundum" cement gnd one

part of 40 mesh and finer Alz0,.

C. Crucible
© After the rotating mechenism was complete, & sraphi.ta

crucible was mede with a megnesia orucible inside of it,

the whole being covered with a graphlte 114, in a way
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gimller to Type I in Barrett, Holbrook, and Viood's
peper. It was found that the carbon content of the
metal oould not be kept low emough for the exporinments,
and the orucible errangsment {llustrated in Fig. 32

was tried. In this setup, sheet metel was formed into
a cylinder, and a flat bottom welded on, Thls was
centered ond negnesia poured around it. An Ingot Iron
charge was added and the whole melted dowm. The melting
of the sheot metal cylinder sintered the magnoesia next
to 1t, rforming a refractory crucible. These cans ocould
not be made sufficlently round. Also, the refractory
crucibles formed around the ah;et metal liner had
cracked all around the.ongle at the bottom, allowing
metal to ponetrate into the magnesia. To rectify these
troubles, Ingot Iron sheet metol cans were ordersd from
a metal-working company. These cans were spun-on a
lathe and so wers perfectly oylindrical. The bottom
was left round to eliminate the stresses set up in the
cornerz of the old oun. These have performed perfectly
satiafactorily. They were placed in position on the

€0 mesh ond finer magnesia and centered by rotating to
within * .005". Then fhe 60 mesh and finer megnesia

sand was carefully poured ground the shell and settled

by tamping with & 1/4" wire so as not to disturb the
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alignmont. Vhon the megnesla sand had beon tamped

with the rod until no further settling was observed,
the alignment was checked, and if it were out, wes
¢orrgoted. Further teuping was noccanplished by mocnas
of a flat wooden plece so that the top of the sand
would be hard. The elignment was thon checked foxr the
loat time end the charge placed in tho fumeco.

For severel of the heats mede to determinc the
solubility of FeO in liquid irom, the outslde of the
Lliner was coated heavily with a slip made of ball
milled mognesia ln absolute alcohol, s reconzended by
T. G. Thowpson and XM, A. Mallett (75). This dld cut
down the penctration of Fe0 into the orucible, but
since 1t 4id not affect the solublility vaiues in any
way, the practice was not used generally, The panetra-
tion was rarely more than 1/16" on a golubility rum,

evon without the protective wash.

D. Atmosphere

. The nitrogen used was ordinary ocommercial tank
nitrogen. This'was paBaed through a furnace contalning
¢°pper wire abt.about 450° C., to remve the .5 per cent

’6xygan. Then 1t was passed through askarite to rexove



eny COp, through HpE0) bubbling towers, &nd finelly
over P05 to remove the water.

On a preliminery design, & trunsite pipe end 1id
were used instead of the flue liner and alberene. The
dew point on the exit gases was +20° C., It was thought
that the trensite was causing this trouble, and it wes
rerlaced with the flue liner snd tihe alberene. The
exit Qas thon ohecked +18° C. To overcome this, the
Alp05 entry tube (L) was used to conduct the nitrogen
directly into the furnace chamber. The dew point on
the‘antry gas was thon checked at -38° C., and on a
somple taken directly from the furnace chamber at ~29° C.
A continuous strecm of nltrogen of about 3 cublc feet
:Sesr hour was kept going thrmkx{z,hw the rul_jnzxce to ocause a
currant of gos to flow 5otx':ecn the Alp04 entry tube end

the X-30 brick orucible cover.

E.’i Potation ‘

‘rha rotating. meohaniam oausad more dlrﬁculty ‘than
any othar problem. In the rirat rurnace, the shaft was
nade tqo 1ight, end the bearings vere somewhet loosely
rittéd stecl sleeve bea'ring’s,‘ in which thore was oon-

aiderabla play. The final design utilized a tepered

4
!&

roller bearlng (8) (Fig. 28) at tlxe ‘base, and a ball



A2
bearing (R) at the point where the shaft goes through
the elbersne buse (C). The top race of the bLeering
(R) was weolded to the shaft end the lower raco wolded
to two engle iron supports which were bolted to the
frame, These supports vere insulated electrically
from the rest of the frame to uvold making a coupletod
circuit in the neighborhood of the coil. The bolt (T)
was then tightened to taeke all play out of the agsembly,

In eerlier attempts the cement zone (0) was mede
much tco short, and it was found necessery to usc the
transite ring (H) to provide at lewet three lnches of
bucking for the cewent., Care was taken to completely
£ill the spmce with cemant, |

The motor used at first wes a D-C sorles wound
rotor, so that the speed could be varied by mecns of
a rhooataot over wide limits. This was luter changed
t0 u constent speed A-C motor vhioh operated at 220
R.P.M. It was necessary to operuate tlm 'mruace s).owly
during tho temping snd aligning period, end at 220 during
the run., 7This is sqmewhat faster ‘tha‘n a theoret.ical
analyeis. éull:s for, and wmay be nocounted for on the
basls of the strong counter cwrrents caused by the high

Trequency field tendlng to push the metal up in the

ocenter, Considerable turbulenp_q wus present in the



FIG 33

REST LEVEL

T

A

/

- e - wn e w - - m - o ——-1-—

/

L
L

FIG 34



rotating metal, while the field was on, but it com-
pletely disappeared when the power'was cut off.

The shape of the surface of the metal during rota-
tion is a parabloid. The derivation of the shape of
this surface as a function of speed is as follows (Osgood
"Mechanics" - page 105):

Picture a particle floating on the surface of the
liquid. The condition that this particle will not move
along this surface is that there is no vertical com=-
ponent. For this to be so,

(1) N cos & = mg (Fig. 33)
the resultant of N and mg must equal the centrlpital

force.
(2) N sin e = mwax | (2)/(1)
‘Nasine - - IW2X . WBX
N cos tan ® " “mg 3 or
&y - Wix
BT

{

Integrating y ='E§§§J;"the equation of a parabbla.

In Fig. 34, the letters in the areas correspond to
volumeS° i. ey that volume which would belswept out by
the area during one complete revolution. The volume of
the metal when ‘at rest, A+ B, must equal the volume of
the metal during rotation B + D, so A+ B=3B+ D, since
no metal is lost, and cancelling B, we have A = D.
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The volume of the elerent xdy ls nx2 dy, @o the
y 2

total volume of C + 4 is w RS dy; but y = x? (eq. of

a parabola). Volumo parablold = n o y y dy = ﬁ%i
Tho volume of the cylinder 1s nxgy but y = xz, 80
Vol. oylinder = nyg, which is twice the volume of
the parabloid, From this |
C+A=D+B Substitute (1)
(3) c=B
Subtract (3) from (2)

A =D
C=18

A-C ->D-- B or

A+B=0+D Since they have a common

bagse h = h1
Substitute into (1) and let x = T the radius
2
- W 2
2 h -Eé—-r
hvr'"z r2

2 .
T w2.1/2" = (6,35)2 om. At 200 r.p.m. Oor 200 10 r.p.s,
2 . y-] :
W om Zﬂjlg radiua/sec.
/

€ = 980 dynes

h-w_%mg e . (6.35)%

= L.,5 om.
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Flg. 36. Liquid erucidble solifified during
rotation,
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As ocun be seen from the derivation, the density of
the liquid cancels out, so tho slag and motal surfuces
should form two parsboloids of rsvolution which are merely
displaced nlong the oxis of rotation of the oruveoible. It
an infinitely thin film of slsg could form, a slag layer
could not be kept on the metal, since 1t would grudually
oresp up the metal walls and bo abscrbed by the crucible.
‘The interfnoinl tension existing Letween the sleg and the
metaol provents this by establishing a ninimum £1lm thick-
ness. This effect is shown in ¥ig. 35. The slag also
displaces its weight of iron with the displecement tuking
Place normel to the paravoloid (B). TFig. 35 is drawn
assuning that the slag has 1/4 the density of the metal,

' The assumed speed of rotation is 220 RPM. This ourve
cheoka exuotly the actuecl shape ol tho metal which was
allowed to solidify with the power off, as 1ls shown in
Fig. 36, Vnhen the péwer‘iauon; however, the induced con-
Vection currents in the métal'fond to ﬁake the parabola

shallower.

The oharge consisted of the sheot metal liner, which
'W°1ehed one pound, plus eighteen pounds of ARLCO ingot
iron of the following typical onalysis:

c - .016 |

Mn - .009
P - ,008°



8 - »018
S - »004 (probably all Si0,)
Ol - 0033
14 - +0LY7
00 - ‘00&
Ph -~ 005
LA - 011
Cr = ,008

Total 1874

Aftor & numbor of xung had beon nade, the old hoats
viere ugsed direotly as a charge, aftor pickling, aleng with
sufficlent of the bars to make up the weight to 18 pounds.
The corxbon was chocked soveral timos and was alvays L0065
and Im L0035 on the "mntn uftor tho 11‘0003 had been added.

The Fo d% used in tlm slap wos Bokor's C.P. analyzod
Toagont and wao commq;‘ca pure enough Lop the study. Tho
Cal was obtained by qa;;:inln{; Boker's C.P. anulyzod CaC0s;
ut 1000°G, The Ca0 wau kept sonlod in bottlos wntll it
Wag noeded. The 810, usod wag 40 mosh and £ine crushed
Vitroosil tubing whioh cosayed 99.57 5105, The vitreosil
was uped in preforcnce to tlug quartsz sand because 1t went
into golution noro cua:ily. T‘rbma number: of mininun valuoo
obtainod from tho blags by umlyaon. it mmom:od thuat about
% 21,0, wag presont and about .Od XMO. '

Eiam}zlim, |
Slass %
The slogp were sumplod from the furnace by neuns of

8nall 16 gauge inzot iron spoons.: Blanks 1-3/8" in dlonotor
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VA
worg Lorced threush o 1" dig on the plysical tosting mochine
1o moke o oup 1" in dlcmotor und 1/27 decp. Theso woro
wolded 1o a rod vud nilcklod beforo use. Soms dore st bo
tukon in sampling the oluog, since tho loyer 1o wouclly vory
thin, The plag and gpoon were then quanched in digstiiled
waters With caro and 'pmcﬁoa, sufficiant olog oould bu
oLtained with onme spoon for coupletc annlysis. Thase slags
woro anualyzed for sma, Gad, Mg0, Alnlm, Faly Penls, othor
constituents such as PO, sulphur boing very lov, were not
oonoldored in this study. . Congeoutive samples shoved thatb
duplicate weoults could be obtuined by this sampling nethod,
and that the slogs wore homogenoous,

A draving of the rotal somplor is shown in Tlg. B6. A
1" ploce of copper rod vas drillod axlally end then roousd
With a otendsed 46 taperod pin reamer. The dimensions of
this weamer pre 545" dlometor ot the lovge end and L2YgN
et the o)l ond. The wiole lensth of the roomer, nbout
8 1/27, wos usod to geb 0s long u ammplexé o possible. Tho
Pipe (A) served as o hondle ond ug a tubo throush which the
sampler cowld bo puck3d ups  Tho K~30 plug proventod the
Tatol Tvon m,wmg up fnto tho 1)5.1;‘3. Ahls nluu o ok
aluogt %o slze and vorced inko tHo Banpler, the dust and
Trupnonts boing Garsfully blowm out. The outside of tho
‘“Pbax* wus wiped with o cloth which Lod a orall coount of



:&

vasoling on it. 7This pub o £iln of oll on tho samplor,
not enough to inersase the curbon conbtont of tho Latht any,
but: cnouch to blow tlo olog awvey by ges evelutlion, wnd
inhivit tho solidifiocation of tho metel onr the outside of
the somplore The bevel at the botton of tho coppor tube (B)
oxoludes gone of the olag whick would have boon carried
doym into the motal on & flat bottom, and then druawn up into
the somple with tho rush of metel. Tha bevel ot the top of
tho ocopper tube i so thot tho cwiplaroen bo withdrawn
quickly from the furnace chanbor without catehing on the
botton of tho Alg0y tube. |

In teking o somple, the bLulb ic deprossod, tho semplox
loversd ropidly into the zolt wntil it 1s folt to strdlio
the bobtom of the crucible, the bulb rolossed, and the somplo
inusdiotoly withirawn and quenched into woter. After it 1w
6eol, the somplo cun usually bo euslly withdrawn from the
sunpler. The netal that adhoros to the cutolds dows nol
Intorfere. I¢ tho sanple stieks, it can wlways be dviven
out by inceorting o plese of drdll rod (preforably hoot
troated) through the hole (G) in tho uppor ond of the coppor
tube, and hitting it & few blows vith o hamser. The oold
heats are m\oh pore difficult to semple, using this device,
than the hot heats, Vith a cold hout, a ball of netal
froezon imuodiatoly on the outbsida of the samplor, and ofton
LOlts the somplor bofors it oan bo withdrown ond quonchod.



4%

'.Eo. faeilitate romoving this bollod up sompler from the
furnuee, the ocutside diwzater of the copper wasg roduced to
8/4% for cold heats, o diffioulty wae exporienced in sum=
Pling heats above 1590°C. The hottest heot gsompled was at
1690°C, , |

Several gamplers woro tried, using difforent dlonoter
holos. The #7 tapored pin yeamer gave a sumple that had
holes in-it, pince the mstal tonded to run out before 1t
solidified. If the sampiar wag loft in the furnaca long
onough to solidify, the ooppor usually nelted in soms place.
The /6 T.0.R. was the most successful. - A J4 T.P.R. was ulso
tried, but the smaple obtained from this proved to bo in=
homorenecus from end o ond, so the /76 wos used exolusively.

Table & shows soome homozeneity resulis on a sanple.
The numbers refer to consesutive sections of the sample. In
sach oane all the sample numbering from the top or small ond
Wus onnlyzed, |

I Table 4
| > 3 3 - 4 B -8
#6 T.P.R. Ox L1652 . 153,153 .52 154 .13
| N, 004 4028 027 029 .0R9 .033

4 0P, Ox L2097 0 24 265
N, .03 . «037 S .080
™ T.P.R. 0x L1028 - aer T LLBA

N, 016 .03 | 031
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The erratic nitrogeon values oan bo poxtly oxplained on
tho baslo of the suall pamplos token, usuxlly 2.5 to 8 grang,
It wao also found that the wotul on tho outside of the som-
pler checked that on the inalde.

o=
Inglde 171 086
Outoide 173 020

Table § gives o comperison of thros differcnt sumpling
nothods. The dippod somples were takon in the rotutlng fur-
nace, and 5o were polidified in nitrogen, The poured som=-
Dles woro goumd ovor the lip of a lZ-pound magnosia linod
induetion furnnce into o oylindrical coppor mold ono conti-
Notor in dicmetor and about ninc contimeters long.

The dipped samples ghow that they ame all rlght 1L
thoy do not sclidify in the prosonce of an approcicble omount
of slag, If thls ooocurs, thon tho somple is invariably
lower than the truo valug.

A1l the poured samples were taken from iron saturatod
with Fed, Thoy plve Xosults whlch are apparontly a functlon
of tamperature. The postulotion of two erfoets will oxplain
these yosults. First, the iquid iron, oven though potur-
8ted with FeO,will form ¢ £iln of iron oxide on tho surfuce
which will be trapped by tho metol us it selidifios. Thls
wlll rasult in an apporont incroage in oxysen contonta. On
the othoy hand, the metul must flow over the cold 1ip of the



Coppor
Sopple

S
<164
.168
137
V143

150
162

o192

Jes

ARLY ©

Comparigon of Suupling Mothods

Dip

]
149
+130

139

4125
142

Pourad
Sumple

LY
"o

Remaxicy

- 2/3 metel, 1/5 slog in

1/4 metal, 5/4 slag in
gpoon. -

very sma 11l amount of
slag. ‘ ‘

small cmount of slag.

1/10 sleg, 9/10 metol,
1532°C,

1548°C,

1554°C,

1604°C,

1873°C.
. 1688°C.

no tempexrature.
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the cruoibla, ond in doing so Feld nay bo procipitutiod out
on coolinr. & balonce of theso two factors at wany tomporas
ture night give a true vesult. At any yato, pouring the
. sumple leuds to erratic ‘posults, oo does dlpping, unless
the notul colidifies out of contuct with slogs The lowoer
oxygon rosults on motul solldifiod in contuct with slog
ind&outa that equilibriun i attulned vory rapldly.
' wo congooutive pamplos vore tokon about two mimitos
ﬁlmrt- ‘0o 1t wags folt thut the sauple ropresentod tho koot
‘Heot n-26 Saple 1 ﬁg } Tvo nimute intorval

Toat n—-gd. S{##;’l‘f’, é ﬁgg ;"ﬁn‘m ninuto intervel

The sumpler has since been used on lurger industion furnace
heats to study tho oxygen content, and has proved pore con-
venlent and rore sccurate thon other metliods of saunling.

Lsporatures

| Of the sevaral mothods that have boen uged in mausuring
Wmmutm'em of molton atael ) the themoolaotr&c mthna
Stunds out as much aupurlox *t'.o mlouo opt;ioal mt.hods. ""h(a
u..,q of a thaz:mcouple at these high temperctures und in the
I’Nsmcu of mtul and ula{_. imrolvw mrioyous difficultics,
n tlm i‘irst pluca uxo mam‘bivi‘by oi‘ the roi‘mctorien
n‘mﬂ&ll'y wmd axops to o low '\mlwa, u*ul that of thc therm--
mmmnm £oas up. Thara 1o connidembla &%er thm; mﬂ,ggg
the rofractorios used aro chosen with gome cuxa, thoy will
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oxordt an epprocicble shunding offoct on tho thermocouplo.

In tho moasupcmond of temporaturos in the progsonco of both
alag end mml,' nowml offoots must bo guavded nzainst. OF
prinary lmportanco in tho possibility of contunination of
tha oouple by iron vapor or corbon monoxldo and dioxide in
tho furnsce gaoog. Aloo o choloo nust bo :m;:;ae ug to protoo-~
_ tion tubos. This ooy bo govornod by two bugic factors: the
rate ot which tho slog ond moetedl orode tho tube, and tho
rate at which thermal equilibrium is estebliohod.

If the temporaturo eqilibviun is rapidly rouohed, the
rate of orosion by slog neod not beoome importunt. The
- Problon has beon uﬁhuém& from bothﬂiréugions, but in the
vase of thls oxporinont the roslstance to plog nnd metal
orogion wmi Jsucxiﬁb@d to tha‘ ond otyl“fobitamin(; repld rood-

_ dngg, Siliea protoctlon tubes wore "m_::od throughout and
Norton "nlundun® inmulotors wero sloctod for thoelootrical
insulators,

Two typoo of tmrmoelamentn were used, ttmr'awnw w01y
denwa and plotinum = 105 rhodius lzln;tinu.a. Sinee the tooh-
nguo of handling each of th.ase id t;omnwlmtaaix‘:i‘erent, they
WAL bo alsocussed sanumtcly. | |

~ The plntinuu couple wag first mmwlﬂd. by vpassing
nutfj.cinm-, current through it to heut it to o cherry red
Tor avout ton minutes. It was sometimes posplble to loocte
Polnts of oontunination by the dii‘fbi-}anoe in colox vwhile hot.
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Tho wires wore then tureadod theough tho inculators wnd it
was celdbrated ot Lho molting point ofpdludium (1550°C.)
by the following rpothol.

The welded hot junction was clipped off wnd o ploce of
palludiun wire 1/2" long of 018" dlameter was wolded into
the couplo wiore the hood hud been. A loop wag thon forued
in tho palladiwa so that in case thore wugeome strain in the
thermooouple, the palladiun would not be brokon just before
4t3 melting point wos roached. Tho couple was then placod
in a pos tight protoctlon tube whieh had proviously boon
carefuily burmd out with oxygon, and put inte the furnace
shown in Flg. 58. |

This furncce wos simply o carbon tubo, heutad by in-.
duotion, insulated with lomp bLluck, the carbon belng kept
out of diroot contect with the gup=-tight Al.Oz tube by
maons of tungston powder. The whole syston was bullt to
excludo reducing goses which wre 50 horsful to platinum
oouples. Tho furneco wws hoated slowly and the E.M.F. of
the thermocouplo followed closcly on o Leods & Hortlrup
"Portable Semi-procilsion Fotentionmotor', until tho paliadium
wirs melted. The point ab which this happened wos unmls-
tahublm, the Wreaking of the oontaot boing cocompunisd by
4 wild mwin\,incr of tho gnlvasometor. The polnt could bo
Quplicated to witiin .OL m.v. which was pufficlently nccurate
Tor this study. The aigplecemcnt of this polnt Lrom the



stendard curvo for this type of couple was thon usod to
draw tho oulibrabing cusve Lor the anotual couplo, the caliw
brating curvo bolng drava "parallol® 4o tho standard curvo
through the zZoro polint and the oxporimentol point.

Tho wiros wero clipped off about 1/2" above the palla=
dlum beads on the onds, rowelded, ond usod. The procedure
wos curriod cub periodically,

The tungoton molybdenun thermocouple has beon usod
comowhat boforo (44, ©4) but 1o not gonerally woll known as
o methiod of moapuring high tomporaturos.

The rost gultablo source of wiros wags Fan Steel Corpor-
atlon, Theso wires had on excellont homogonolty., They
dlffored very 1ittlo from one end of a coll to anothor, but
oeach ocoll was sui‘fi‘oiontly differont to make it necessury
to provide a soparato calibration. Tho chiof offonder in
this roopeot wus the tungsten. Foux thormooouples woro
nade up from tvio lots of wirc. The results aro chown in
Table 0. Tho numbors are millivolto at the “apox" of tha

calibration cuxrvo.

able 6
Cogbin i LY.
Tung ‘olybdonun B 1.4l
"an {:' Lolyu c l.41
" b)) " B 1.19
n 3 " C 1.83
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Typleal colibration curve is shown in Plge 09, token
fron tho poper by Osan and Sohropdor (74). Tho thorno-
olootric ounve of tho couplo goes through o mexdmum ot aboub
600°C,, through zoro ot ubout 1200°C. Tho useful portion
10 in the rolotively flot rango (A). Tho change in milli-
volts with temporatuve in this rogion 4s obout 007 nv/dog.C
as compared to .012 mv/deg.C Tor platinum.

Tho usuel method of calibratlon was to deternine tho
moLlting point of coppor, nickel, end iron, uging thaso
throo points,to dotormino constunts in the equation of the
parabola mv = of® + UT + G, This calovloted ourve wag
then talon as tho callbrotion.

Soveral offorts made to collbrato the thermecouple
against o platinun thornocouple wero unsuoccessful, due to
tho airriowlty in ostabliching o black body, fTho probable
orror ot 1600°C. on this busis was aboub & lovc.

The molybdonus wire (both wires wore .00 diam.) was
mich the moro duotilo of tho tio, DO in making up & thorno=
couple, .01l the bending was oanx‘inod to tho x:ﬁlybdanum. Tho
o wires of oultable lensth (97) wero placod porallel in
a vice ahout /8" upa;:fﬁ , and protruding about 5/68". Tho
mMlybdonun wire wns tmn vropped throo or four timos around
tho tungoton wire, loaving a shoxt ploce of tungston, 1/8v
Protruding from the coil of molybdenun wvire. The vires woro
then wolded togethor with on arc wolder, by nomontorily
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striking an cro from the wires to a carbon clectrode, Thip
molted the protruding tungston wire dovn over i:m:t ol the
moiybaonum, oakking a good golid bead, |

At first thopo vives wero used in'tho scame condition
as roooived from the suppliors, but it wes found that thoy
opparently reorystallized durdnz the measuroment of the
high tomperatures, changing the oalibration by producing
an inhomogeneity in tho wire ot some point. This was com-
plotely worodled by annoaling the wires in hydrogen for
about flve minutes ob a temporaturo close to the nolting
point of molybdenun (2025°C.). The anneolding was accons
plisiha&l as showvm in Flg. 40 'by susponding the couplo (A)
in a silica tubo (B), Tho’welght (G) hold the couplo in
pogition, and wag attached to tho thormocouple by tho tuns~
sten wire hool: (D). The current was gradunlly raiged until
tho molybdonum wire molted. A setiting somovhet bolow this.
way ugod for subsoquent thermocouplos. This troatmont
nade the tungston wire very froglle, so that 1t hoad to be
hondled with care. It was found that thls anneallng trecate
ment aid not effoct the e.m.f. choractorictics in the zono
of 0-100°C,, so the groon wire could be used as commen-

sating lead wire.
Both types of thormocouples wero used in a vator

Y

coolod tubo ghown in Fig. 41. The tubo was construoted of
coppor tubing water leads (A) leading to tho central cool-
ing chambor (B). As tho silica protoction tube (C)orododergy
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or faliled, the end was cut off and rescaled by mcans of an
oxy-ncotylene torch. The sillea tube was moved down as the
end had td be répaired untii it became too short to clamp
at the point (D) when ancther tube was fused on.

In this way 211 the sillca tgbe oould be utilized., A
small coupling block was used to make the connection be-
tween the couple and‘tha lead viire., It was mude of a
Formiea cylinder about 3/4" long, emall enough to fit into
the silica tube, wiﬁh the electrical contact belng made by
8 "me" it into twd small brass tubes imbeded ih the
Formica., The electrical contact so obtained was sufficient-

ly good,



OUNTINE JHP PLAN OF TIF VORK

The present vork was undertakon as a preliminery to
@ gbudy of the nechaniam of roaotlons in tho opon hearth
furnace and devolopmont of methods for the control of
thase ronctions. A study of rouction rates viould be
preatly alded by o knowlodgo of tho ond polnt, or oquili-
briun conditions to bo oxpectod. Oluco Fed in tlm. noat
Important sinsle chenleal spoolos involved in tho rofining
action of opon hearth slegs, a lnowledge of tho oguili-
brium distrlbution of Fo0 batweon the slug cud the maetal
wug considered essenticl. To gein this knoviledss, several
furnoces were constructed, and one finally solected widch
secmedto offor the widost oxperimentel poosibliities. Due
to thoe unusual Leatures iuvolved in this furnncs, considor=
eble time hud to bo spent in doveloping an adoquute ox-

- porimental technique. Beoause of this, the Lirat few
heats wero of no value as far as produclng relicble data,
but were useful in stondardizing the methods to bo used
in operating the furnnco. There wexe mumorous rochanionl
breskdowns during the first part of the work, and the
causes of these wers grodunlly eliminatod.

After the furnace had been put into suoh & condition
that no further oxperimentul difficulties were untlcipated,
& study of the distribution of Fed betwsen liquid iron and
iron oxlde slugo was initiated, This was necessituted by



tho apparent unrolliability of the dota proviouwsly repéi%;d
by Korber, Oeclgon, and Herty. Having ostabllshod tho
saturation valuecs for FoO in iron, tho offcet of vorying
the lime and pillea content of tho slogs vag ntuéio&. The
varletiong of those two oomponenoﬁS‘which'woro used voro
kopt, for tho nwoot paré, in the x»ozion of tho ternory dia-
grom which hod not proviously beon covered by Fettors and
Chipron,

It was thon possiblo, from the fractlonal auturation‘
of the retal, and the known faot thot the solutlon of FoO
in 1liquid iron is ideal (89), to calculato the activity
of I'o0 in the slog.

Uping the coloulated activitles, an effort woo nade
to correlate this with tho mol fractlon on the dasumption
of various reasonably soimplo compounds in the sluog. The
only justiflcation for theso assunptlons was that thoy
offored the attractive poosibility that the solution of
Fa0 in thesoe slogs could be trooted by Raoult's Law. It
i ronlized that this cannot bo tokon ag proof Lor the
oxistonco of these compounds. Tho use of such agsumptions
hes boon cmply justified by Dolezalek (G66,87). Suoch
aosunptions have elso met with conclderable opposition,
cspeelinlly by Hildebrand (88), cnd it is cortaln that in
a good many cases thoy camnot be Juotified. It ls woll
known that the opproach to ideanlity is inoreased by in-

craabing tomporaturos. Since theso experimonts worc



ocarried out at 1550~1650°C., the assumptlon of ldeallity
is not unroasonuble. If it is possible by meouns of any
rousonable assumpbtions to account for the exporlmontel
mzmltav, this will grootly simplify tho problon of oxtra=
polation to slag compositions other thon those astually
studiod.

=R
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The proviously reported work on tho solubllity of TeO
in 1iquid-iron hes boon carried out cn tho assunption that
Norast's dlstribution law is valid, L.c. thgx’o (Fe0)/ ﬁ’eﬂ]x
¥, whero the square brackets xoproscnt coacentratlions in
tho motel and tho round brackets, concan{;ra{;ions in tho
oleg.  ihis involvoes the assumption that the ideal solutlon
laws are obeyod, and consequently thut the aotivily cooffi-
clents are unity.

Tho princivle vork roperted olong thig 1ino. ig sun~
morized in Table 4. Thoe nmoot complete work was done by
Horty, and by Xorbor and Ouvlgon, vhose rasulis agreo
folrly closely, cnd by Chipmen and Iz‘ettqrs; whose colu=-
bility values taro signiflcantly lowers Tho reoulta ob-
teined in this investlgetion aro showm in Mg. 42, and
axe oply mlighily dlffovent Lrom thopo obtoined by Fotters
and Chipman, Chipman (90) hoo. sinoe reported that, as a
rasult of the data shown in Tabloe 5, tho solublilitios re-~
portod by him ab tho Lighor tompercatures nay bo in error,
ng somo slag wap trapped in his gaaplor. This would tend
to change the slope of his line, and - nako it nove nsarly
in gereomont with that repoxted in this thesls, Tho solu-
bility of Fa0 in liguid iron may bo oxproassed by the |

aguations



log § Oxygon = L2204 5 vy

08 calouloted by the method of least sguarog.

An effort wug made to deternine the xensonr for the
diserepancy betveen this work and thet roported by Horty,
Korbor ond Oclsen. To chook on the effoot of tho differ-
ont soopling methode, o small ten=pound hoot sras nolted
in oly in an opon mognesia orucible. The motal was gobupe
cted with ¥FoO, ond sarplos wore token by tho coppor sampler
end also by pouring o mall emount of the metal into a
plmiloy fmmplc:r. Temporstures wore token with the tungston-
:ﬁmlybdanum thexrmocouple, - The ranultu aro chown in Table G.
When thoso rasults werc corrected foxr dlssolved 1iz0, thoge
token with the sompler fell on the caloeulatoed line within
the apparent oxporimentazl exror, while thosc whlch were
pourod through the alr are quite orratlic. Tho fondency
of the poured samples mecned to be Lor those which were
pourcd at low tonmperstures to run high In oxygon, and those
poured ot the high temporatures to run low. It hog been
shovm proviously that o dipped somple will ohock the
coppor sampler, provided the amount of slupg whioch o
tropped in tho sampler is kept wery low. Herty usod
dipped cnd poursd samples, ac did Korbor and Oelson, the
lattor stuting thatpoursd samplos wera ugsed for high tome
poratures only. On tho basls of this experiment, noithoer



[ 3
of the two techniques of sampling used by Herty and Xorber,
if properly handled, ocould lead to the excessively high
oxygen contents reported.

The effect of atmosphere was considered ne;ct. Both
Herty and Korber and Oelgen melted thelxr hsats in alr. The
small heat described above was also melted in air, and no
significant difference from those sarples taken in nitrogen

could be determined. Sevcral samples were taken from the

rotating orueible furnace, while a streun of air flowed over

the melt, without eltering the results. -Chipman (90) has
actually run a gas mixturo of 10% Hy and 907 N, over the
surface of the slag without any approocinble effect on the
solubility.

The most important variable remaining is the tempora-
ture. Six of the points on the graph In Flg. 40 were taken
with a platinum thermocouple. The rest of the temperatures
were measured with the tungsten - molybdenum thermocouples.,
There 18 no signifiocant difference between these two tynes
of temperature measurcment as shown by solubility values,
Herty says that he ocoasionnlly checked the temperaturc of
his melts with a platinum couple. The balance of the reud-
ings, as were all of those of Korber and Oelven, were
taken with an optioul pyrometer, which, as has been shown

elsewhere, is not relisble.

Up to the prescnt time, this diffcrence in the oxygen



. S5
solubility in liquid iron has not been reconciled. Every
attenpt to roproduce the curve of Herty, Korber and Oelsen
has only strengthened the evidence in fuvor of the solu-
bility line reported in this thesis, It seems necesnsary,
therefore, to conclude that for some rcason thelr results
are in error,with the rost probable error‘being in their
measurcment of temperatures, The relationship between
oxygen solubility and temperature given in Fig. 42 will be
used as a baslis for the calculation of Lractional satura-

tion values,
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Ag an oddition to the study of tho soluﬁility of iron
oxide in liquid iron photomicrographs of @ numbor of sane
plos ranging in oxygon contont from 10 .to R1a) Woro pro=
parod. These oro shom in Fig. 49. The most interosting
thing about thooso pletures s that tho incl'imionsi‘all Into
two typos. It 1o probablo thot the lamsor inclusions wore
formed during the coolinz of tho liquid notol from tho tome
peraturo of sampling to thoe froeozing point. This type of
goparation, of o liquid from o 1iquid, would give the par-
ticlos o chanco o0 grow. The slze would bo & funotion of
the length of time elupoing from the stort of tho coolling
to the freozing point, nnd of the degroe oi saturation of
tho motal. This mechunlsm 1s mubstantiated by the foot
thet 4ho boundnrics of the larger inclusions are vory
im'ogmmr duo to the. enoroachment o tho cryastels of tho
solidifying iron. OSome of them have smell iron globuloes
in tho intorlor, showing that oome iron is dissolved in
the iron oxide. Tho very {fino :;nolusiox;s 1ie in tho erystal
boﬁxﬁd&riaf; for tho oot part and nndoubtedly.am‘. procipli-
tateﬁ aﬁ; 'hl;m i‘rm:&in@ polnt _&uring;. tho uctuul‘solidiﬁ.oa«-.
tion a’i‘ tho mtul- .



THE DISIRINURIOS A0N OXIDE TRTWIRN SLAGYS OF TR
ST (a0 # M70) - 510p ~ FoO AND pm* LIAUID Inow

- The primary aim of this thesio was to detormine the

- Astribution of ivon oxlde op wxygen, botwven the slogo

of tho systom (Ca0. + 1p0) - £10p =~ Te0 ond 2iquid ivon,

‘he portion of the diepran investipated is shovm in Tize A7,
The linog A ond B roprosont the approzimate locotion of

the s0lid bounderies indiocated by Bowonr and Schalroy in
¥ige 8. Tho location of the lines is undeubtodly altored
by tho progence of g0 in the slogs ond ony plocorent of
points In the rields which should be golid mny bo atbrie=
butad to thias,

he . JIfoot of Temmeraturse

In oxder to plot the rosults on & comparablo banis,
it wag necessury to oorroct fop the "t’ampemture offoot,
Chipman anl Fettors (72) have shown that the tmpamtum'
dspondence of the oxygen aistribution Tor these slage 1s
the same as for the puro iron cxido slags. The tompamture
corrootion wan mado grauhicnlly, sinco this wags suificlont-
1y coournto, ond mino the actual coloulatlon was comowhut
totdlous. An amplo follows:

Samplo R~36~5  Oxygon = W50 Temporature 15750,

.
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Tho saturation valuo vas token from a graph as 2065 oxycon.
+136/.206 = ,0660, tho fractional satupration. Tho satura-
tion valuo at 1600°C, igm 2297 oxygon, so at 1G00°C., tho
corroctod oxygon content is .G60 x L2297 = J51Y oxygon.
The distribution coofficient, L,, con be corroctod very
simply by moroly using the corrootod ox ygon contont in ito
calowlation. A1l the dota, including that obtained by

Fottors and Chipman was caloulatod in this monnor.
B. Xfroot of Comvositio

The results of correcting tho oxygen vulues to 1600°C.
ars plotted in Iig. 45. Since o ternary diagran is some=-
what awiovard for an operating man to use, the rosults arc
roplotted in a somowhat difforcnt monner in Fig. 44. Horo
all data io kept on @ per cent basis, and baslelty, defined
no § Cu0 + % Mgo/d 810, 1o used to ocmbine two of tha
variablos, (Ca0 + 1ig0) und 510, Tho utility of this dle-
grom 1o that it onobles an opon heorth oporator to inme-
dintoly dofino un oxygon potonticl betwoon tho slag and
motal. If a furncce is bolng operatod at a basicity of
2,7, und an Fely of 307, the saturation valuo to be ex-
poctod would bo about 045% oxygon. Howover tho cctual
oxygon ocontent of the motal ‘ao caloulatod from its coxrbon
contont may Lo only .015%. An oxygon potontloel muy be
soid to exlst botween tho slog ond the notal of . 090,
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Tho mapnitudo of this potentinl will matorinlly oltor tho
rato of the various wrefining reactions in the furnuco.

Tn Fig. 45, the data is plotted on a mol fraction
bosis. Since it hes hoon shovm (89) that tho solution of
foo in liquid irvon is ideel, wo shell doline the standexd
stato of ¥eo in liquid iron os its saturation wvaluo. Thig
saturation value for any, torporaturc will have an activity
of ono. JAotivity is dircotly meoasurod then by fractional
saturation, cnd moy be detormined for any oxygen contdnt .
noroly by dividing the por cent oxygon in tho notol by the
oon&pntji'atio,n it would lhave at saturation at that tempora=
turo. ,. | |

Wle nay define the oystom under consideration ags com-
'poma of 1iquid iron as one solvent, and. & solution cor-
posed of 1ime and silicn as tho of,her. These two 1iquids
will bo oonsidorod es belng oompmtelyiinmiam ble in éuch
other. Whlle this aaaumpt* on is probably nat complat;aly
truo, tho mutual golubilities can be nupposed to be very
plieght., Whon o conditlon of this kind exista, it ..ncli:cates
that, thero is on cnormou'a c‘téviatmn fron Raoult's law, 1. €4
thet the 1lquids aro sufﬁclmnﬁiy Zunllko sd that. tholx
moleeules will not intcroh.mve with ench other. Bindé this
deviation frod Ruoult'a law ia mli‘ovment, ami gincoe t!m
Fe0, tho soluto vhich is distributod botwoon these two gol-
vents, Torns an ldeal golution with ono of the ligquids, the
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iron, wo con oxpocht that Lts solutlon in tho gleg will bo
fer from idecl. Howevor we aaw dealling with o substonco,
To0, which itoclf forme two liquid layors with dwon. It
ig probublo, therefore, thut, wore tho iron oxide roro
polusble in liquid iron a gront deviction Zrom Reoult's
Jjow vould be Found. It Lo algo truo thab in generel, 1iko
substonces tond to ¥oma idonl solutions. Tho fuct theb the
glog is mode up, ob loast analybically, of oxldeg, would
indioato that the doviation from Rooult's Law pdght be
cmaller in the glog than in the metal. Aloo tho faot thot
thio systom is ef suoh & high temporaturo would tond ta
bring, it closor to ideclity. - Since ‘the mol poy cent of
FoO in the two solvents alflex so wldely, xno Qirood ccmpari-
gon of ideality cen De made,

It in generally cccoptod that at thesetomperatures tho
pilioc tultes on the charsstoristics of n aeld, and limg |
mw.‘b of a base. It i signitiocunt, therefors, that ot a
mol ratio of 2 to 1, tlmrc is a shexp breok In the iso
aotivi'ty linos in Ii‘ic;. 45, bhimmx and m»tmrs havo ln=-
voutigoted the nossibu.:‘i.ty of -tlm oompauna 3 Cale5ilp and
thelr rooults cee shown in Fig. 20. It is appareunt that
gz,mm: tlwy huve chosen thoir compound wrong oxr thut tho
nolution 1s non-ideal. I the compound 1ls c¢hosen as the h
double molucule (2 C00*5i02)q, the devietion from ideolity .
:‘m slmont complotoly oliminotod, Fig. 46 is drawm on tho |
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TABLE VII
SUMMARY OF EXPERIMENTAL DATA

£0

Lo

R
Heat Metal Total rotal Corr. Corr, 1
Bort Yo' Fo™lreo  rezoy a0 310p M AL03 oo £0_ #Np Pemp. I, éoovo teoorc SFUL

R-20 1 52.18 66,30 .92 30,20 .32 .28 98.02 . .
: 45.75 88,25 .69 30:20 3 a0 Mo e M 1oes .23 3% GEE9 GGE:
R-21 1-B  42.70 33.29 1.84 42,20 31 . .00 .
z 52.80 66.51 1.15 AR RN - 1 03 1600 82 ot EED 10089
3 82.02 65.27 1.84 56,72 .41 4.67 98.91 .182 .039 1641 .239 .154 .210 0158
‘ 49.93 62,79 1.61 29,86 2.1 1.46 97.85 .180 .0A7 1632 .77 162 .243 .0
H 47.68 60,72 .69 33,70 B.21 .71 98.03 .156 .00 1627 .247 140 Hi2 1068
R-24 1 61,61 10.42 24.06 2.08 .24 .26 98,67 .
s §1:88 20.4E BU.06 208 B0 20 Sereh 105 .oso 150r .sb .pos 279 ioes
3 53.70 11.85 27.65 4.1z .10 .87 98.29 .170 .020 1084 .273 .162 .270 6.73
‘ 77.24  6.54 .09 2,08 12.23 1.80 99,92 .169 .022 1584 .198 . . ‘1o
6 B1.13  2.04 9.6 B34.96 .77 .95 99.47 .149 .02z 1584 .277 A ks Cees
7 56,09 2.27 B.70 28,98 1.21 1.17 99.42 .175 .028 1581 .290 .190 S sa
8 60,69 2,04 3.73 28.98 B.8E .66 98.98 .148 .028 1573 .232 .106 .2AD R
9 50000 3103 1030 h%s B42 66 99.76 .00 .029 10667 .28 .14 295 T
10 20,06 .25 7.71 29.11 Bl.17 .46 99.76 .085 .03 1859 .271 101 .32  .739
R-25 6 87.91  7.15 2,25 2.59 .23 100,13 192 .021 1086 .20B B30 .B42 1,180
R-26 3 64,00 2,25 33,14 .67 .29 100,35 .22l 021
‘ 60.69 .41 22,20 16.33 .41 100.04 .236 O 1650 hos 95 Mg pas
8 50,94 4.91 22016 20.78 .49 99.B2 .BA7 .0BE 1662 .438 .19 .242 .
6 47.82  b.22 £3.00 22.04 1.43 100,81 . 242 .03 1665 .449 .186  .345 - “950
8 50.21 B5.93 20,74 21,12 1.561 99.51 .242 .020 1660 .424 .189 .31 10088
10 62071 5.1 7.50 9.28 1,10 .93 98,13 .24 .0z 1634 .361 .11  .303 3.008
Re28 1 55,73 5.52 16.10 18.42 2.41 .82 99.00 .223 ‘
2 37070 1.43 19.25 36,10 4.29 .40 99.17 .146 055 leb o369 .13 a0l loeh
3 42085 1.02 10,61 40,62 3.84 .39 99.B3 .136 .028 1629 .307 .120 .27l  .363
‘ 30,82 £.66 29.61 34.46 .24 .40 99,10 .134 .025 1615 .01 .126 .377 .90l
R-29 & 21,2 1,02 19.48 31,12 15.84 .79 99.51 .128 027 '
7 33.47  3.07 34,00 26,82 .08 .53 97.67 .159 ,028 ot ik o0 87 ke
8 $3.91 1.84 37.22 34,00 .17 .28 97.52 146 .026 1608 .5b4 .14l  .534  1.100
9 30°38  1.64° 20,62 26.80 13.41 .42 $8.47 .1Z9 .03Z 1608 .470 .124 .452  .930
R-30 5 40.56 1.42 18,16 37,60 .08 .48 98.30 .MB .
8 38,19 2.02 25,15 3l, 13 .6l 97.86 187 022 1o oa cdee bs 7%e
7 27:46  ClBL 19,72 50,66 .08 .50 99.23 .115 .023 1597 .402 .117  .409  .391
8 31083 1021 P4.64 40.80 .08 .60 99.88 127 .028 1606 .380 .123 .368  .606
9 27030 3.70 26.70 29.30 .08 .48 99.41 .16 .031 1641 .620 .139 .40 12
10 21.64 1.6 110 34,60 .08 .90 97.94 .16 .089 1657 .492 .126 .369 . ]
R-36 1 55.9 62.3 .10.8 5.62 £0.30 .20 .17 99.39 .171 ,026 1618 223 161 .219 X
2 44,0 46,3 1107  7.78 34,30 .12 .14 100.28 .156 .026 1612 .B76 .10  .Z6E ‘509
3 4906 4.9 9.9  5.50 28.84 .14 .20 99.48 .160 .03¢ 1604 .2d7 .187  .242 see
4 4900 541 909 6.20 £9.16 .14 .17 99.67 .140 .033 157¢ .219 .156 TR
H 46,3 636 6.4  6.51 32.81 .08 .16 99.55 ..136 .039 1675 .25 .1B1 580 oo
6 50,2 07,1 . 8.4  5.09 26.45 2.48  .1Z 99.64 140 .039 1676 .2l .158 ‘539 lbee
7 86.4 62.6 11.1  4.45 18.6 99 2040 100.14 168 .036 1884 .224 .179 .2 o
8 40092 48,0 11.85 4.8 22,62 18.40 .17 99.84 .187 .030 1690 .38 .195 1355 1688
9 ‘2 40.8 7.8 D5.70 25.40 20.75 .24 100.69 .162 .039 1682 .379 .196 0 1%
10 gel 0.0 Tl 6,00 E6.d¢ El92 .24 101,40 '180 1035 1868 .90 .186 403 1.088
12 g8:2 402 10 15:Ee 3628 apd Bt 10otse 100 lose 1566 10 116 .eey  ea
13 2908 27.9. 11.7 17.49 43.64 1.07 .14 101,94 .114 .038 1585 .299 .122 o o
1 4007 42,1 10,3 12,99 22.84 : .08 .19 99.80 .120 .040 1892 .220 .14 258 396
18 3606 40.8 9.9 12.66 36.22 .65 .31 100,23 .136 .039 1607 .272 .132 v 1+
16 45,2 4607 9.9 11950 30.49 .61  .E2 99.42 .143 .041 1614 .253 .135 Bee  oes
17 29.4 4.8 2.3 20.25 4107 .08 .22 99.72 .12 0% 1618 328 3% o501 -e9p
Re37 1 B9.0 69.1 7.5 22.48 .08 5 99.66 . . ‘
£ 56.8 67.7 5.9 Beedr 00 b barse i1l (D6 1ses [a85 .aer 165 0086
3 59:1 69.9 6.7 48 08 2 20028 i1 1030 1tos .17 169 .12 o0a
1 51.9 63.2 3.8 . 32,30 .08 .3 99.78 .143 .007 1601 .212 .142 o ooas
5 33.1 39.5 3.8 32,46 21,43 .51 97.70 .150 .041 1616 .340 .14l IR T
6-R  37.5 39.3 2.8 e Rl f) Y09 d6e 010 1ear 3ey .si  mss  .iss
7-R  21.0 26.2 '8 20,37 41.56 9.02 .48 98.39 ..098 .04 1579 .385 .107 2 10
8 229 el 3. 19,01 38.30 0.76 ¢S 100.00 11098 044 107 299 .204 584" - .r76
10 8.0 50 50 e o3 0 100:00. 1308 04F 1895 264 o107 aes  .ime
1 $9.9 28.1 7.1 18.20 22.56 10.07 .31 100.34 .126 .038 1614 .323 .117 s lses
1 30.8 35.7 4.4 17.03 .31.15 11.24 .48 100,00 .106 - .040 1609 .396 .152 . :
Rtz '3 297 1655 28 8T
' 286 6
R-23 8 222 ie:.g
6 \210 1877
v .26 1677
8 +286 1637
9 287 1637
R-25 1 214 1597
E g o
R-26 1 1268 1629
; # M
n \161 1630
R-29 1 \181 1552
F \186 1545
o § o
H 1298 1650 ‘ .
R-38 1 .188 1854
H 23 1604
3 313 1673
1 2 1687
6 197 1548
7 1186 1832

*Data mipeing or questionable.
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assunption that this molecule existo. Tho lower hulfl was
dravn assuming that Co0-FeplOp was also present, but the
resulting dota is not quite as good as the upper Tigure.
Tt is realized that the fact thet such an assumption works
does not by any means prove the existance of the compound.,
It does, hoﬁever; offer itself os an easy method of oxtra-
polation, and the dotted lines in Fig. 45 aro caloculated
on tpa Assumption of this compound.

To investigate the rest of the ternary dlagranm, the
graph in Fig. 48 wus construoted. The largeyexperimental
error 1o evident, and is not surprising oonaiaering the
experimental difficulties. The “Irec' s8ilico and Lree
1ime are oaloulated assuming that the (2 Ca0+810,), is un-
dissoclated,

The acid side of the diagram indleate that at cach end
o;‘pha runge plotted, i.e,, the purs (2 Ga0o8103)2 and the
pure 510z, the approuch to ldeality is quite close., IV
would seem probable,therefore, that internedicte concentra-
tione would also be ideal, However this is not always the
cass, especlally for polar liquids, as there may be aﬁ in-
dueed dipole, The data in this intermedinte region is ratherx
inconclusive nnd lock of time pravenﬁed further 3tudy$,

The basle side of Fig. 48, the “"free" Cal side, ex-
hibits a proncunced negative deviation with inorcasing basni-

city. An explanation of this effect ocan be nude in a number
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of ways, none of them very simple., ¥ig. 18 shows thet the
Fep03 oontent inoreases with the basieity. This strongly
suggests that a compound is formed. This compound might be
one of soversl which have been observed petrographically in
solid slags. The most important of these are Cal.Fep03,

2 CaOeTen0z and CuO+-Fez04. However 1T we plot mol per ceont
To0 as analyzed and separate frbm.F0303 arzainot the devia-
tion froa ideality, Fig. 50, with no compounds of any kind
postulated, iﬁ ig apparont that at very high basiclties,
nbove 10, the dicalciun silicate is probably dilsscciated.
However the Tep0z must be combined in some manner with the
Ca0 since it inoreuses with inoreasiny Cal content. The
compound vhich at least purtly explains this deviation at
intermedinte basicities 1s CaOcF0304. Tlg, 51 shows a com-
parison between the plots obtained in the baslelty range
above 5 by assuming thot She only compound is (3 Cad+5102),,
and by assuming that two compounds, (& OaO.SiUg)a and
Ca0eTe30, exist.

.« A part of the investigetion was to detormine the
oi'feot of magnesin on the sotivity diagram Fig. 45, Thig
can only be answered qualitutively since thore was in-
pufriolont time for an investigation into the Ng0-510,-FeO
systcm, In general, high nagnesia slags tend to be vory
orystalline, the surface presenting the appearance of a

mesh of interlacing orystals, Excecsive L0 contents Boem
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$£o malro the roouvlts orratic, but at the g0 contonts on-
countored in nornal open hoarth practico, up to 1075, no
sorions orror is introfuced by substituting magnosio for
| lime in tho various caleulatlonse

Incidental to tho slag ,ntudiea'it wao found that tho
rim ofbaro metal allowod Yor a alow abgorption of nitro-
gene The end point townrd vhich oll theso heats tondod
wes «040:0 nitrogon.. This is in agroomont with the work ve-.
ported by Chipman ond Vaughn (9%.)..
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Thig thesls prosents the rosults of an axpordmontal
atudy of the equilibriun betwoen sluxs of the syston
{Ca0 + 1420) =~ 510, - Fe0 at the tomperaturos encountered
in gteel making proctice,

©he solubllity of iron oxids in liquid iron under
puro iron oxide slags was redetomined and modified slightly
from that of provious investigoations.

The oquilibrlum oxygen contont of the motal ot 1000°C.
48 o function of composition of the sleg on io aloo tho
aotivity of iron oxlde in the slog..

. The varlation of the notivity of iron oxlde in slug
hao beon £lmost completoly expleined by the assumption of
o ocortain moleéular speoics in the aleg. - The assumption
of these spocles allows the nleg to be treated as on ldeodl
polution,  Tho indiections are that no compound is forod
betwoon silica cnd forrous oxlde at 1600°C.; that the
dicoteiun sllicate exlots ag a double molocule (2 CaQ»5102)a
and 1o undiaﬂoumm.a ot 16C0°C. except aut vory mgh basgle
oitles, whero its concemtration is low; thxt ot mol tasi-
citlos grastor than 2, the exocess lime combines with the
iron oxide to fom ColeFopO4 in cmounts deponding on the
froo Cod avelloble aftor the Lormation of the (2 Cn0e510g),.
. The effect of magnooin hos been qualitotlvoly found
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+0 bo almost the scmd as limo in concontrations at least
up to ton porcont. Tho golubility of nitroson in puro

iron has beon chooked at .040%.

The psubjooct of thio. thenls was pupgostod by
Dy, John Chipmone. The work wao made poéniblo by o coopora=
tivo followshlp grant from The American Rolllnp Iml'
Conpony and the Univérsity of Cinoinnati,

Thanks are due to Dr, Anson Hayos for making this worlk
poosible and Pfor his helpful discucsions.

'i‘hanka also aro qxtendea to Dr. John Chipnmon and
Dre i, Sdvond Flanders for thelr numorous suszestions and
holpful eritioclsmsj to S. A. Lapham, C. S. Iills and
Cs Sti.qm'mh for the analysos of tho nlmgs; to Je Te Andoroon
for bcvam*ul of tho oxygen cnalysesi to M. LaTour foxr the
proparation of the photomiorographs.
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