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THE HERCYNITE PHASE OF THE SILICATE 5LAG
CHAPTER T
_ INTRODUCTION

The slag constitutes an avérage of over sixty per cent
~of the molten products resulting from the smelting of ores

(1)

of copper in the reverberatory furnace, Present methods -
of caiculating the chargé for the'revefberatory_furnace
commonly employ the.pfinbiple of silicate degree of the
resuiting slag. The silicate degreé of a particular slag
is designéﬁed by the ratio of the oxygen in the acid (SiOg)

to the oxygen ih;bhe basic groups (RO, R205)o However, as
indicated by Lang,‘z) this ratio does.nét define the’compo= '
sition of the slag in question since the‘amouﬁts of‘tpe
individdal acidic and baéic?constituénts are notAspeoified
by silicdﬁe:degree° Since the chemical and physical pro-
pertieé}of é slag are dependent upon the individual consti-
tuents, silicate degreevdoes not define the prOperties_of

~ the slag.

(1) Bray, J. L., Non ferrous Production Metallurgy,
John Wiley and Sons, Inc., Second Edition, 1947, p. 171.

(2) ZLang, H., otudles in Slag Formatlon Englneerlng
and Mlnlng Journal, Vol. LXXI 1926, p. 485,



A Suggested Basis for Charge Calculation

‘The results of 1nvest1gatlons of the presence of
syﬁthetle minerals in slags and 1nvest1gatlons concerning
equilibrium diagrams of slag constituents have suggested
another basis for ca;culation of the fufnaeecherge°
Vogt in 1903 determined the existence of crystalline

(3)

phases in elowly cooled silicate slags. Day and

Shepherd'in 1906 iﬁvesfigated'the limé-silica system and
presented the equilibrium diagram for this‘systemo(4)
‘Equilibrium diagrams foT the binary systems of alumina

with silica lime, and. magne81a ‘were the results of experi-
mental 1nvest1gablons by Shepherd and Rankin in 1909, (5)
The exper;mental work of Rankin and Wright in 1915 resulted
in the equilibrium~diagram for the ternery system CalO-FeO-
81020(6) Bowen, Schairer, and Posnjak in 1933 reported

the results of research on the system Ca0-FeO-SiOp with

(5) Hofman H. Oo, General Metallurgy, McGraw-Hill
Book Company, 1913, p. 436,

(4) Day, A. L. and Shepherd E. S., The Lime-Silica
Series of Minerals, The Journal of the Amerlcan Chemlcal
Society, Vol. XXVIII 1906, p. 1089,

(5) Shepherd, E. S. and Rankin, G. A., The Binary
Systems of Alumina with Silica, Lime and Magnesia, Ameri-
" can Journal of Science, Vol. 28, 1909, p. 293,

(6) Rankin, G. A. and Wright, F. E., The Ternary
System. CaO—AlgOS—SlOZ, Americean Journal of 801enoe, Vol.
39, 1915, pp. 1-79.



fehe equilibrium diagram for this system:(7) The very

imbortant results of experimental work by Schairer were
published in 1942 and gave inf@rmaﬁion with respect ﬁd
‘equilibrium diagrams of the QQaﬁefnary'system Caofgéb—,

Al5,0,-510 ;(8) Since the average composition ofgéopper .

3°72°

reverberatory-furnace slags(9) falls withiﬁ*the-quatern
nary system studied by Schairer,fthelresults;of Séhairer“s
VWOTK are of particular importance to the study of such
Slang’

E; do. Meyer began‘a program of experiﬁental work ét
the University of Arizona in 1949 déaling With’phases of
silicate~slagso(10) The purpose of the program was to
apply the reSults Qf»Schairér“s‘investigations(ll) to the

~search for é better‘meﬁhod than currently used for caleu-

lating the charges for reverberatory furnaces. Meyer

(7) Bowen, N. L., Schairer, J. F., and Posnjak, E.,
The System Ca0-Fe0-S1i0p, Journal of American Sclence,
Vol. XXVI, Sept., 1933, PP 195-284

(8) Schairer, J. Fos The System CaO-FeO-Al 0z-5105:
I, Results of Quenehlng Experiments on Five Joins, . Journal
of The American Ceramic 8001ety, Vol. 25 (Noo 10), 1942,
pPp. 241-274, :

(9) Huang, P. Y. and Hayward C. R., Evidence of
Formation of Copper Ferrite froi Reactlon between Cuprous
Oxide and Copper Reverberatory Slags, Transaetions of the
A, I, M. E., Vol, 182, 1949, p, 158, _

(10) Meyer, B. J., The Phases of the Siliecate Slag:
Unlver31ty of Arizona Thesis, 1949.

(11) Sechairer, J., F., Op. citj
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eoﬁgluded.that: (1) slags fcrmed in the laboratory without
a reducing agent contained undue amounts of ferric iron;
(2)'the ferric iron content of the Formed slags dould be
effectively‘eontrolled by the use of flour; (3) a Labora-
tory-formed, slowly cooled slég'contained synthetic wolla-
* gtonite (Ca0.8105); fé) one slow1y~cboled'smelter slag |
oontainéd fayalite (ZFeOéSiOg);-a second contained akerma-
nite (SGaOoémngQSioz) and hedenbergite (CaCoFeOoZSioz),‘
and a third_conﬁained Wbilastonite; (5) synthetic mineral
phase§,'however, were not.deteeted in a>normally cooled
smelter slag; and (6) Meyer agreed with Lang's suggestion.
that the calculatipn of smelter eharges oh ﬁhe basis éf
mineral constituents Would result in the production of
slags having better physical properties, especially iower
melting pointsoh | -

(12) in 1951, continued the éxperimental work

kGirton,
of Me&eflwith~the determination of synthetic mineral phases-
in sléwly éooled, laboratory—formed slégso Girton conclu-
ded thét: (1) synthetic anorthite (CaOQA1265°ZSi02) formed
iﬁ a labbratory produced slagﬂmaintained at a high'teméera—j
ﬂure for 24 hoursg (2) satisfactory slags could not always;
be. formed by Girfbn with the amountiof flourkasrrechmended

by Meyer but could be made to form with excess flour;

(12) Girton, L. D., Crystalline Phases of the Sili-
cate 8lag: University of Arizona Thesis, 1951, -



'7 (%) the rapid fusing of charges in the induction furnace
did ngt prevént'the oxidation of the ferrous iron to an
extent that would warrant further use of the induction
farnéée; (4) changes in compositions*bf slags formed in
flre elay crucibles Were 11kely due to the reaction of
the slags with the cru01bles (5) slags could be formed
with Satlsfactory agreement betweeh'actual éﬁd oomputed
oomp051tions by the use of iron cruclbles, redu01ng atmos-
phere, and the addition of formed slags to the charge {6)
synthetic fayallte was 1dent1f1ed w1th the microscope in a |
. laboratory-formed slag maintained at a high temperature for
45 minutes; (7) fayalite was identified in four samples of
siowly cooled smelter slags with the microscope-aﬁd inAth
offthése.samples by X;ray diffraction methods; (8) the
fusing of‘the constituents Cal, FeO, Sidz, Alg@é in certain
proportiéns and the slow cobling'bf the resulting slaés
yielded the formation of the synthetlc mlnerals anorthlte
“and fayallte, (9) the dlagram of the join GaO FeO-anor—
thite indicates that alumlna could act»both as a base and
as an acid in the same slag, assuming that alumina in
' FeO Alg@g is actlve as an acid and in Ca0-Alp0z-23S5i0, as
a base, and (10) future work on the v150081ty of hlgh iron
Slags might prove of praotlcal value as 1ndlcatea by two
1aboratory formed slags which contained 15.0 and 1002

per cents of: initial alumina and were gquite fluid in



comparison with the other slags,
Summarizing‘the‘resulté of experimental work cdmpletea |
at the University of -Arizona, Meyer{1®) indicated the
advanﬁages'of~basing’reverberatory—furnace charge calcu~
lations for the smelting of copper ores on the Ca0=-FeO-
-A120556102 équilibrium diagram. Monthly averages of daily
reverberatofy—furnaoe slag analyses ofVéCtualESmeltihg
‘operations of the Magma smelter a£~SuperiOr,'Ariﬁona were

studied by comparing the slég unities, where the ratio of

the pereentage'df copper in the slag mqltipliedfbyaloo to

':the percentage of copper in the matte is the glag unity.

Meyer found that slags having lime and alumina in a ratio
approximately equal to the stoichemetric ratio of lime to
-alumina iﬁ énofthite-in most cases hed lgwer'slag unities.
than other slags considered having a different lime *to
alumina raﬁioo: This;would indicate that the amount of
ycepper loss in_réVefberatoryffurnace‘slags might Ee redp-
5-ced by'using slags,of éompositioné represented'by the
anorthite-Fe0-5105 join of the Ca0-Fe0-Alg0y-Si0z equili-

brium system,

- (18) Meyer, E. J., Mineral Equilibrium as a Basis
for Slag Computations. ™Presented to the Smelting Subdi-
vision of the ‘Arizona Section of the American Institute

of Mining and MetallurgiCal,Engineers, December 9, 1950,



The Problem of High Alumina in Slags

| The presence of high alqmina in reverberatory-furnace
slags is known to give difficulty‘to furnace operations.
Lang stated that alumina should be avoided in fluxes in
every case as it makes the fesulting slags more viscous
requiring more heat and fuel to obtain the desired flu-

iaity, (14)

However, it is not always §OSSible to avoid
the presence of alumina in the fluxes as well as in the
ore., Since this alumina will eventually form a part of
the reverBeratory-furnace slag, the probiem of counterac-
ting its iﬁjurious effects existsokiFulton attributed the
difficulties caused by high alumina in-slags to the for-
matioﬁ of a spinel (R0O-Alg0z) which crystallizes out of

(15)

,‘the molten slag at a high temperature. However, Méyer

,Aln hlS study of reverberatory -furnace slag analyses sugges-

ted in his paper(l6)

that the pr0per_rat10.of hercynite, a
spinel found by Schairer to exist in equilibrium with faya-
lité on the anorthite—FeO—SiOZ join, and fayalite might be

'théfdptimum_SOlution to the;problems presented by high

(14) Lang, H., Op. cit., p. 489.

{15) . Fulton C. H., The Constltutlon and Melting-
P01nts of a Serles of Copper-Slags, Transactions of the
American Institute of Mining and Metallurglcal Englneers,
Vol 44, 1912, p. 753,

- (16) Meyer, E Jo, Mlneral Equilibrium as a Basis
for Slag Computatlons, Op. cit, :
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~alumina., Meyer's belief is substantiated to some extent 5y
Girton's éxperimental-work on ﬁwo»laboratory-formed slags-
which‘were‘Calculated to contain hercynite as the primary
‘phase according to the anorthite-FeO;SiOZ'join and Wefe

‘ foﬁnd~to be quite fluid.. |

Statement of Purpose of Research

The experimental work described in this thesis was
undertaken chiefly to provide information for the hercy-

nite phase of laboratory-formed slags.



CHAPTER IT

| EXPERIMENTAL EQUIPMENT, REAGENTS
AND PBOCEDURES '

7 Experlmental Equlmment

A Harper electric-resistance bype furnace and a gas-
- fired pot furnace, both capable of attaining a temperature.
of 1400° C. were employed‘forrthe fusion of the chérges°
The ﬂarper furnace was equipped with a silicon carbide
muffle, 11} by 6 by 5% inches, and eight silicon carbide,
Globar type elements. The 6urrent was recelived by the
furnace thréugh a five-kilovolt-ampere transformervand was -
regulated by a Brown free-vane, electronic éénrroller;
The temperature.readings Of.the electronic controller were
,standardizedywith a platinum,.platinum-rhodium thermocouple
énd a Leeds Northrup potentiometer., A photograph of the
Harper furnaoe is shown in Flgure 1. |
The pot furnace, 10 1nches in diameter by 10 1nohes
déep, used natural gas for fuel, the alr belng supplied oy
a}centrlfugal blower° Temperature read:ngs were obtained
" with a Leeés Northrup optloal,pyrometer of the dlsappearlngi
filament type, and were standardiied with a platinum, pla-
'tianm—rhodium thermoeouble-and a Leeds Northrup poﬁentiqme—

ter. A photograph of the pot furnace is shown in Figure 2.



Figure 1 - Photograph

Figure 2 - Photograph
of gas-fired pot

furnace.



‘ 11
Reagents |
Slags‘werebmade'from_dhemieally puré ferfoas oxalate,
'siliéa, alumina, and 1ime,:AFormed laboratory slag Wés the
constituemﬁ of eleven ohargesﬁr Ocoasioﬂally flour'and, in
one iﬁstance, anthracife coal were added to charges as

reducing agents.

Bxperimental Procedures

’Calculated,prbpérﬁions ofbcharge eonstituents were
weighed on a flux balance, mixed by rolling, and then-fused
in fire-clay, éraphite,-or iron erucibles. When desifed,
the leW'cooliﬁg'of a slag was aecomplishéd by éllOwing'it_
to cool within the furnaéeo The a@pfoximate'time for the
cooling of the gas—fired pét_fufﬁaée to room temperature
was one hour andzthat of the:Harper eleotfic'fdrnace was
veighteen hours.

Slags, after being cboled, were separated from the
crucibles and ground'fo minus lOO=Mesh,in-an agabte mortar.
The slags were analyzed'chemically,fof silica, limé, alu~
mina, total irQn and ferrous iron as recommended by

Scott,(lV) and the,metallio_irdn'gontent was determined by

: (17) Furmen, N. H., Scott’s Standard Methods of
Chemlcal Analy31s, D, Van Nostrandg Co. Inc,, Fifth Edition,
Vol° I, p. 498, Vol. II, 90_2080 Bl
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-the metﬁod described‘by ﬁawleya(ls) Slag‘samples were |
immersed iﬁ 0ils of different indices of reffaction and
" examined with a Leitz pethgraphié microscope to deter-
mine the mlneral phases present if anyo Two slags were
examlned by K-ray dlffraotlon method for. 1dent1flcat10n
of hercynlteo |

~ Procedures other than those given are descrlbed for

the 1nd1v1dual tests in Chapter 3.

(18) Hawley, F. G., Analytical Laboratory Methods
~used at the International Smelting Company’s Miami Plant,
‘Inspiration, Arlzona, private publication. :
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CHAPTER IIT
A E}@ERIMENTAL WORK
.The . equlllbrlum dlagram of the join SlOz-anorthlte-PeO'
is given in Figure 3, and that of the ternary system FeO-
ﬁrAlzoz-Siog is given in Figure 4, These diagrams were used,

as guides for computing the charges of reagents for the

five series of fusions of the experimental work.

Series No. 1: Charges computed to yield slags of composi-

tion cérfeSponding to J of Figure 3

The objective of the’tests'of~this series was to
détermine'the'extent of oxidafion_of iron from'ferrous to
ferric when employing different reducing oonditioﬁs, dif-
ferent furnaces, and when using uncovered and covered
crucibles,

The composition of J of Figdfe 3<aqd the réagéntsluséd’a
for -the chafges,of tesﬁs.l through 4 are given in Table

(19)—was added

1-A, An amount of flour recommended by Meyer
to the charges of tests 1;'5,'and'4-to maintain the iron
» essentially in the ferrous state. Flour was omitted in

-’_the charge of test 2. Conditions of fusions and the

-’(19) Meyer, E. Jo, The Phases of the Sllloate Slag*
Unlver31ty of Arizona The81s, p. 14,
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ANORTHITE (CaOe *25i02)
ANORTHITE
.n
TRIDYMITE HERCYNITE
*
20
CRISTOBALITE FAYALITE
WUSTITE
Fayalite

FeO

Figure 3 - Equilibrium diagram of the join SiO*-anorthite-FeO taken
from J. F. Schairer, "The System Ca0O-Fe(0-Al1207-Si02: I,
Results of Quenching Experiments on Five Joins", Journal
of The American Ceramic Society. Vol. 25 (No. 10), June,

1942, p. 252.



Siog
20
MULLITE
Fayalite HERCYNITE CORUNDUM
20
20
FeO

Figure 4. - Equilibrium diagram of the system FeO-AlgO”-S10g taken
from J. F. Schairer, "The System CaO-FeO-A~0*-SiOg: I,
Results of Quenching Experiments on Five Joins", Journal
of The American Ceramic Society. Vol. 25 (No. 10), June,

1942, p. 245.

15
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_chemical analyses of the glags of tésts'z and 3 with a

'Dhase identified in the slag of btest 2 are glven in Table

1-B and Table 1-C resPectlvely°

The melting p01nt of J of Figure 5 was reborted by

Sohalrer to be 10700 C, (20)

. Table i—A:

Composition and reageﬁté,used for the charges
of tests 1 through 4
Test | Composifion of J, o »Reagent83 grams
No. per cent(a)
$105|Ca0| A1,05|Fe0 | §105|Ca0|Al,0,|FeC50,- | Flour
N 2 273 » 2 2 2 \
()% (a)] (&) ~ 2HE0%
1 | 44.6|5.7|.10.3|39.4 | 13.4|1.7| 3.1 | 89.6 | 0.7
2 | 44.8|5.7| 10.5(39.4 | 15.4[1.7] 3.1 | 29.6 |none
|3 |44.6]5.7] 10.3/59.4|15.4|1.7| 5.1 | 20,6 | 0.7
4 | 4a4.6(5.7| 10.5(39.4 | 15.4(1.7 3.1 | 29.6 | 0.7

(a) Corfresponds to 28.1 per cent of anorthite.

"(b) Includes 8i0

2.in 28.1 per cent of anorthite.

(20)

Schairer, J. F., Op. cit., p. 252.
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 Table 1-B: ~ Conditions of fusions

| Test| Temperatures, |- " Remarks
- No. degrees C.. :

Initial ‘| Final{a)

1 Room 1247 Charge placed in a fire-clay cruei-
temper- | Dble and heated for 1 hour in pot
ature { furnace with crucible uncovered;

the slag was cooled with the fur-
nace. Fusion was not complete.

2 | Room | 1193 Charge placed in a graphite cruci-
temper- ble and heated for 1 hour in pot
ature furnace with crucible uncovered;

slag was cooled with the furnace°
Fusion was-complete,

3 1250 1250 Charge placed in a fire-clay cru-
- |cible and heated for 1 hour in
|Harper furnace with crucible cov-
ered; slag was cooled with the
furnace. Fusion was not complete.

4 1250 1250 Charge placed in an iron crucible
‘and heated for- -1 hour in Harper
furnace with crucible covered.

The iron crucible ox1dlaed and
collapsedo :

(&) At the end of the heatlng.per;od

Table 1-C: Chemical analyses'and phase identified

| Test Composition of slag, per cent Phase
‘No. — ' ) Identified
VSiOB Ca0 A1203§ Fel :FQZGS Fel(a)
2 |42.3|5.7| 9.8 |30.1| 5.9 | 1.6 | Glass
3 | — | — | — | 4.7 |34.6 | — (b)

(a) Metallic iron
(b) Fusion was not complete
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Interpretatloﬁ of Results

As shown in Table 1- C the slag of test 2 oontalned
5.9 per cent of FeZO5 and ‘30.1 per cent of FeO as compared
with 34.6 and 4.7 per cents Feg Oz and Fe respécti%ely in
‘the slag of Test 3. These results indicated that the
reducing condition affdrded by the graphite'of the uncover-
ed crucible employed in test 2 was more effective for matn-
taining the iron in the ferrous:stéte than that provided
by the flour mixed in the oharge'of tesf 3 when a covered
fire-clay crucible was used. |

Thé difference in the composition of the slag of
test.3 from fhat of J on Figure 5 due to the oxidationAof
iron from ferrous to ferric is'suggested bylfhevwriter as
a possibie explanatioh for thefinoomplete fusion of the
charge at 12500 C, _ | 7»

It is possible thatnthe slag of ﬁest 2 contained
synthetic mineral phases but that the ‘slow cooling of the
~ /slag in the pof furnacé was sfill too rapid for the forma-
: tion of crystals of Suffioient sizé tb»bé’detéoted by the
‘Vwrlter with the petrographlc mlCTOSCOpeo

The ox1dat10n and consequent fallure of the iron
crucible used for the charge of test 4 indicated that the
presence of a reducing atmosphere in the furnace was needed

for successful use of the iron crucible.
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Series No..2: (Charges computed Egvyieid slags gi_compbsi—-

‘tion corrésponding to m of Figure &

At this stage,of the experimental work it was neces-
sary to provide formed slag which contained a high oﬁntent
of fefroué iron and only minof'émountS‘of'ferric iron for
the charges of subsequent tests,

21)

Girton( , in his éxperiméntal work, succeeded in
forming a'élag of 69.1 per dent of.FeO without any oxida-
jtion of iron from ferrous to'fefrico He used a graphiﬁe
crucible for the fusion of aicharge'oompﬁted to yield a
slag of composition m and cooled the resulting slég by
pouring the slag into water., Gifton's procedure was used
for the tests of this series.

The planned cdmpositibn of thé'slag of test 5 corrésm
ponded to m of Figure 3 and is given with the amounts of
reagents used for the:charge offtést 5 in Table 2-A.

Two preliminary teéts of,this series‘were'unsuocess—
kful due to méchanieal‘losses of éharge~oonstituents’during
heating. The losses appeared to be caused by a rapid evo-
lution of‘oarbon dioxidé and water vapor resulting from
the decomposition of the férrous oxalate., To avoid this
difficuity in test 5, the heating of the charge was

discontinued after five minutes to allow the decomposition

(21) Girton, L. D., Op. cit., pp. 30, 33.
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of the ferrous oxalate to take placé slowly, after.whioh_
heatlng was continued until the charge had fused., The
oondltlons under whlch the charge of test ) Was fused are
glven in Table 2 B, and the chemical analysis of the resul-
tlng slag is given in Table 2-C.

_ The meltlng point of m on Flgure 5 was found by

'.chhalrer o be 11430 ¢, (32)

Tahle 2-A: Composition and reagents. used for the charge

of test 5
| Test - Composition of m, . Reagents, grams
No. ~ per cent(a)

8105 (b)|Ca0(a) |Alg04(a)| FeO | S510,|Cal|Al 0z|FeCy0,:

ZHZO

5 119.3 - | 2.0 3.7 . |75.0 | 92.8[9.6| 17.6] 900.0

(a) Corresponds to 10.0 per cent of anorthite.
~{b) Includes SiOg in 10.0 per cent of anorthite.

"(22) Schairer, J. F., Op. cit., p. 252.
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2-B: Conditions of fusion
Test lbmperatures; Remarks
'No. degrees C., '
Initial Final(a)
5 | Room - 1288 Charge placed in a graphite cru-
temper- cible and heated for 5 minutes
- ature in pot furnace with crucible

covered; heating was discontinued
until reaction ceased and then
continued until charge was com-

"pletely fused; cooled by quench-

ing in water.

(a) At the end of the heating period

Chemical analysis of the slag

Table 2-C:
Test Composition, per cent
No. — — —
83105 | Cal A1205 . FeO F6205 Metallic iron
ls |20.3|3.1| 6.7 |.67.2] 3.3 | 0.2

Interpretation'df results:

- The procedure employed for test 5 resulted in the

formatlon of a slag contalnlng 67 2 per oent of Fel and

a relatlvely small amount of F6205 and metalllc 1rono
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Series 3: Charges computed to yield slags of compositions

' Iﬁ this series of tésts, it Was desired to determine
Whéthér or not synthetic mineral phases could be'forméd in
slagsAhaving compositions of and in the vieinity of M of
Figufevé,when different type furnaces, vafyihg reduciﬁg
conditions, and the addition of formed slag as a reagent
Weré uSed; It was aléo desired to determine the extent‘of
oxidation of iron from férrous to ferric in a water-quench-
ed slag having'é composition of M.

Theqplanned composition of the slags of tests 6, 9,
and 10 aorresponded to M of Figure 4 and ié given in‘Table
3-A, The planned compositioﬁ of the slag of test 7 is
that of o of Figure 4 énd is givén in Tablé 3-A. The
planned composition of the slag of test 8, not shown in
Figure 4, is also given in Table 3-A.

| The amounts of reagents used for the ¢harges of‘tests
6 to 10 inCluéiVe are given in Teble 3-B., In test 8, the
 formed'Slag of test 5 was used as a ;éagent to'prbvide the
ferrous iron content for the slagol Tﬁe reason for the
Sdbstitdtion ofAformed‘slag for ferrous oxalate'in'ﬁest 8
was tb avoid mechanioal losses of chafge'ingredients due
‘to'the_evolution of carbon dioxide andfwatef vapor con-
tained in the ferrous oxalate,

The conditions of the fusions are given in Table 3-C.
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‘Atféducing condition was pfovided by flour and a covered
graphite crucible in test‘é, by flour in the charges-of
tests 7, 8, énd 10, and by ahthracite coal, ground to minus
10-mesh, in'the‘ohargé of test 9. The heating of:the ’
'chafges of tests 6; 7, 9, and 10 was discontinued after
fi#e mihutes to allow the decomposition of thelferrous
- oxalate to take place less vigorously. The slag of test
VlO was cooled rapidly by pouring the molten slag into
'water and the other slags were slowly cooled in the fur-
nace. Chemical analyses of the slags of tests 7, 8, and
16 and phases identified in the slags are given in

Table 3-D.

-The melting point of M of Figure 4 was found bj

Schairer to be 1073° ¢, (&%)

F(ES)‘ Schairer, J. F., Op. eit., page 245.
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Table 3-A: Planned compositions of the slags of tests

6 through 16

- Test Planned composition, per cent
- No. '
sioz CaQ {&1205 " FeO Fe,0, Metallic iron
6, 9, and | 40.3| none| 12.5| 47.2| none ‘none

10(a} | |

7(b) 38.0 none '16°Q 46.0| none none

8 38.5(.28.1 11.9 | 45.2| 2.8 0.1

. . . - g

(a) Corresponds to M of Figure 4.
(b) Corresponds to o of Figure 4.

Table 3-B: Reagents used for charges

of tests 6 through 10

Test No, ‘ ‘Reagents, grams 
5105 | A150,4 Fé0204o2H20 Slag of|Flour|Anthracite

| _ Test 5 : Coal

6 20.2 | 6.3 59,0 none 5.0 | none

7 19.0 )} 8:0 | 57.5 none 5.0 none

8 13,17 3.9 none 5.4 | 5.0 none

o |20.2| 6.5 | 59.0 “none | nome| 5.0
10 |z0.2| 6.3 | 59.0 none | 5.0 | none
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of fusions

Test

Temperature,
degrees, C.

Remarks

NO&»}

Initial

Final(a

)

185

1060

Charge plaeced in a graphite cruei-
ble and heated for five minutes at
1850 C. in electric furnace with
crucible cowered. Removed from fur-
nace and heated furnace to 1238° C.
Charge placed in the furnace and
heated for 2 hours at 1232° C. with
crucible covered; heatlng was dis-
continued until 1060° G. was reach-
ed and then continued for 24 hours

maintalining a temperature of 10600

C.; the slag was cooled with the
furnace. Fusion was not oom.pleteo

185

1060 ‘
-t clay crueible and heated with that

Charge placed in a covered fire-

of test 6., Complete formation of
glag resulted.

-1232 |

- 1060

Charge placed in a covered fire-clay
cracible and heated with that of
test 6 after 1232° C. was reached.

{Complete formation of slag resulted.

Room

ature

temper- -

- 1400

Charge placed in a covered fire-clay
crueible and heated for 5 minutes in
the pot furnace; heating was discon-

1 tintled until reaction csased and

then continued until 1400° C. was
reached; the slag was cooled with A
the furnace° Fu81on was not oomplete

10

~ Room
temper-
ature

1264

Oharge placed in a covered fire-
clay crucible and heated for 5 min-
utes in the pot furnace; heating =
was discontinued until reaction cea-
sed and then continued until charge
was completely fused; cooled by

| quenching the slag in water.

(a) At the end of the heating perioa
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Table 3-D: Chemical analyses of the slagé of tests 7, 8,

and 10 and phases identified

Test Composition, per cent Phases
No. ' - Identified
| 810, | Cal | Al,04 | FeO |Fe,05 | Fe(a)

7 85.7 (b) 20,0 9.0 33.2| 1.9 Magnetite and-

_ . Glass 7
8 |37.0 1.7 | 14.0|11.2| 36.0| 1.0 Magnetite and
‘ Glass
10 |42.0 | (b) | 15.6 | 40.6| 0.7 ] 0.8 Glass

(a) Metallie iron .
(b) None added to the charge

Inter?retgtion of results: o
The data of ibblevﬁ-D shows the preéence ofisynthetieA
-magnetlte angd glass in the slags of tests ¥ and 8, and of
| glass in the slag of test 10, It is apnarent from the
chemical analyses of the slags of tests 7 and 8 that the
ibresence of magnetlte in the slags was due to the forma-
Atlon of Fe203 which was caused by the ox1dlzlng atmosphere"
in conjunction w1th leW'eoollng of the slags in these‘
tests. | o ° ’ |
The‘resuits of test 10 indicated that the ferric’

.~ iron content of a slag formed in a covered fire-clay
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erucible could be effectively contrblled7by the use of .
flour énd by guenching the @Qlten slag-in.wétei'° |
| The experimentél resulté did not_give any_informétion
conoérning the effects of different types of furnaces and
 §arying reducing conditions on'the formation of synthétic

mineral phases in slags.
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Series 4: Charges,éomputed.gg yield slags of compositions’

. within the heréynite field of Figure 3

The objective of fﬂé4tests,of-this series was to.
determine the possibility'of'forming synﬁhetic mineral
phases of slagsfhaving-compositioné_within the hefoynité
area of Figure 3 when varying reducing and oxidizing
atmosPheres'for,thevfusion'Qf»the Chafges-were uSed; All
slags resulting from the fusion of the oharges-of this
series were slowly.eooled-in an'eleétricerésistance ftirnace°

In tests 11 and iz.of this“series, the planned compo-~
sitioh of ‘the slégs éorresponded to:n and o of Figure 3
respectively., The charges were placed in fire?clay eruci-
bles and heated for five minutes in a pot furnace with the
erucibles covered. Heating Was-diseontinuea to alldw the
decom9031tlon of the ferrous oxalate to- takerplace slowly
and then heatlng was resumed untll ‘the charges had fused° :
After the fusions were complete,kthe;cru01bles were.trans;
- ferred to an electric furnace for eight hours of heating’
and  then slowly cooled in the furnaoe° | |

The planned com9081tlons of the slags of tests 13,
14, and 15 of this serleslcorresponded to n, o, and p @f
‘Figure 3 reSpeotivelya The.chérge of test 13 was placed
in a covered iron c¢rucible and the cru01ble embedded in
oharcoal The charge was heated for five hours in an

‘electric furnace and then slowly cooled with the furnace.
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In tests 14 and 15, the conditions Qf the fusion of
the charges were the same as those of test 13 except fpr
the substitutionlof fire—clay crucibles for the‘iroh cruci=
.ble and the sﬁbstitution‘of formed slag for ferrous
oxalate. | "
The'pianned compositions of the slags of tests 16,
17, 18, and 19 corresponded to n, o, p, and g of Figure 3 |
'  ,respectively, The-oharges of tests 16 through 19 Wére
‘-placéd in‘covered iron éruoibles and the crucibles embedded"
in. ground fire-clay as shown in Figure-5° The chérges were
heated for five hours in an electric furnaoe.and then
siowly»oooled with the furnaceo o o
The planned oompositions'ofAthe slagsland the reagents
used for the charges of-tests 11 through 19 are given in
Table 45A°' The oorrected»compositions of the piénned
slags due to the substitutioﬁ of formed slaé for ferrous
oxalate in Tests 13 through 19 are given in Table 4-B.
The conditions of‘fusioﬁs_for tests 11 throuéh 19
are given in Table 4-C.- Table 4-D gives the chemical
analysés of the slaéé‘of tests li, 12, and 14 thfough 19
and ‘the phaSes.identified in the slégs° | |
| The melting points of n, o, p, and g of Figure‘5

were found by Schairer to be 1265° C., 1255°.C., 1180° C.,



30

Charcoal

Iron Crucible
Cover

Iron Crucible

Ground Fire-Clay

Charge

Fire-Clay
Crucible

Figure 5 - Iron crucible embedded in ground fire-clay
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and 1150° C. reSpeotivelyo‘24)

‘A specimen of natural hercynite (FeO°A1205) was
. obtained from the Mineralogical Museum of the University
of Arizona and compared, by pétrographic-and X—ray methods,
with the synthetic hercynite found in the slags of Tests
16 thrOugh 19L6f this series, Figures 6 and 7 give the
éomparisonfby petrograﬁhic methods., Figure,s gives the
X@raj compafison’and Table 4-E gives the data obtained
from-the X-ray patterns. -

Thekchemical analysis of the natural hercynite is
given in Table 4-F. |

Interesting ﬁhotogfaphs_of_the cryétals found in the
slags of Tests,iG and 18 are shown:iﬂ Figures 9 and 10

respectively.

(24) Schairer, J. F., Op. Cifo, p. 252,
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Table 4-A: Planned compositions of the'slags and reagents

used for the charges of tests 11 through 19

Test| Planned Composition, ' Reagents, grams
No. per cent: ’
$103|0a0|A1505|Fe0 [510,|0a0|a1505|FeCs0,-| Flour| S1ag
(a) J(v)] (p) 7| 2 7] 2Hgo of.
: ‘ ‘ . Tes
j 5
%l) 29.718,3)] 15.0147.0|13.4|3.7| 4.5 | 52.8 10,0 :none
o ,
%2 24,115.6| 10.3|60,0 |10.8/1.8| 4.6 67.5 12.0 ﬁone
a) ' ' '
15). 29,7/8.3| 15.0/47.0| 4.6{1.8| 3.0 | none |none |20.6
(c : :
%4) 24.1|5.6| 10.3{60.0| 0.7/0.3| 0.5 | rone |none {10.5
3 200 | . B o
%5)-v55;6f6°o 11,0[49.4 | 2.2/0:4| 0.7 | none | none | 8.7
. , _ .
16 | 29.7|8.3| 15.0/47.0|1.8/0.7| 1.2 | none |none | 8.3
(e) | S O . ' o |
17 |24.1}5.6| 10.3[60.0| 0.7/0.3| 0.5 | none |none |10.5
1(a) | | v -] ‘
18 | 33.6[6.0 lloOE49w4’ 2.2{0.4| 0.7 none none 8.7
(e) | ? L ’
19 |25.8/5.9] 9.2/60.0{ 0.9|0.3| 0.4 | none -|none |10.5
(f) | :
(a) Includes Si0g in anorthite.
(b) In anorthite : g o
(c¢) Corresponds to n of Figure 3 and 41.0 per cent of
ancrthite. - ,
(d) Corresponds to o of Figure 3 and 28.0 per cent of
anorthite. R A
(e) Corresporids to p of Figure 3 and 30.0 per cent of
anorthite. : - .
(f) Corresponds to g of Figure cent of

anorthite

3 and 25,0 per




'Table.é—B: Corrected compositions of thé'planned slags

due to the substitution of formed slag for

ferrous oxalate in testé 13 through 19

Test Composiﬁion, per cent
o 5105 | Ca0 | A1505 | FeO |Fe0s | Metallic iron |
111 29.7 | 8.3 15.0| 47.0| none none
12 | 24.,1|5,6| 10.5|60.0| none none
15 | 28.8|8.0| 14.6]46.4| 2.0 0.2
|14 |23.4|5.3] 9.9]58.3 2.9 0.2
15 | 52.9 5.6 | 10.6|48.4] 2.4 0.1
16 |28.9|8.0| 14.5|46.2| 2.5 0.1
17 | 25.4 |5.5| 9.9|58.5] 2.9 0.2
18 | 32,9 (5.6 | 10.6|48.4| 2.4 0.1
1o | 24.9 |5.2| 9.0|57.8] z.9| 0.2
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Table 4-C:

Conditions

5
of fusions of tests 11 through 19

Teast
No.

Temperatures,
degrees, C,

Initial

Final(a)

Remarks

11

Room
temper-
ature

1170

Charge placed in a fire-=clay cruei- |
ble and heated for five minutes in -
pot furnace with erucible covered;
heating was discentinued until
reaction ceased and then continued
until charge was completely fused.
The covered fire-clay crucible
containing the molten. slag was then

| transferred to an electrie furnace

at 13500 C. and heated at this
temperature for 1 hour. Heating was
discontinued until 1140° C. was
reached and then contlnued for 7
hours maintaining a temperature of
1140° ¢, The slag was cooled with
the eleotrlc furnace.

12

Room .

temper-

ature

1170

Procedure was the same as that of .
test 11.

13

1316

1204

Charge placed in a covered iron
crucible embedded.in’charcoal and
heated for 2 hours at 1316° €. in
the electric furnace. Heating was
discontinued until 1204° C, was
reached and then continued for 3
hours maintaining a temperature of
1204° C., The slag was cooled with
the furnace., The iron absorbed car-
bon and formed a solid solution

| resulting in a lowering of the

melting point and fusion of the

| crucible with loss of charge con-

tent.

{a) At the end of the

heating period'
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4-C, continued
Test | Temperatures,. | Remarks:
No. degrees, C.
Initial|Final(a)
| 14 | 1288 | 1232 Charge placed in a covered fire-

: ‘clay crucible embedded in char-
coal and heated for 2 hours at
1288° C.; heating was disconti-
‘nued until 1232° C. was reached.
and then continued for 3 hours
maintaining a temperature of o
12320 C. The slag was cooled with
the furnace. Fusion was. cOmplete°

15 1288 1232 | Procedure was the same as that of
test 14, :
16 1288 | 1232 Procedure was the same as that of |
' test 14 except for the use of an
iron erucible embedded in ground
_ fire- clay : '

17 | 1zss | 1232 Procedure was the same as that of
' L .test 16. :
18 1288 | 1232 ?rocedure_was the same as that .of |

test 16.
19 1288 | 1232 Procedure was the same as that of
_ ~ test 16, ' '

(a) At the end of the heating period
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Table 4-D: Chemical analyses of the élags of tests 11,

12, and 14 through 19 and phases identified

Test Composition, per cent _ Phases
No. - ' Identified

Si0g | Cal| Al505 | Fel [Fes0x ?e

11 | 43,7 | 2.1 7.8| 6.7| 34.2| 3.2 | Magnetite and
» ' Glass (b)

12 | 44.7 | 2.2 5.1 | 10.5| 32.3| 3.1 | Magnetite and
, o : Glass (b) -

14 41.3 | 2.4 12.5 | 34,6 4.9 0,9 Fayalite and .
: Glass (b) -

15 | 43.6 | 2.8| 11.1| 33.4| 6.4| 0.7 | Fayalite and
_ . . : Glass (b)

16 | 27.36.9| 12.7 | 48.8] 3.7| 0.4 | Hereynite (c)
: i ‘ : ‘ : : and Fayalite (b)

17 | 22.9|3.9| 7.2|56.8] 8.6 0.9 | Hercynite and
. : Fayalite (b)

18 | %1.5 |4.1| 9.8|50,0| 4.3| 0.4 | Hereynite and
| - , : Fayalite (b)

19 | 23.4 |4.8| 9.9|59.7| 1.0} 0.7 | Hereynite (c)
. , and Fayalite (b)

(a) Metallic iron
{(b) By petrographic method
(c) By petrographic method and X-ray method



Table 4-E: Spacings (d) in Angstroms between adjacent

atomic planes for natural hércyniﬁeﬂand the

“hercynite of the slag of test 186.

Natural Hercynite of the
Hercynite slag of test 186
R 3.49
2.88 (a) 2.87 (a)
2.45 (a) 2;45 (a)
— 2,28
2.04 2,05
1.70 178
1.58 (a) " 1.54 (a)
—_— 1.52
1.452 (a) | i°449_(a)4
S— 1.345
. - 1.204
T 1.254 1.252
1.193 1.189
1.101 1,103
1.050 11.048
1,033 —
0.952 0,952
0.800 C0.798

(a)'Intense.line'_
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Table 4-F: Chemical analysis of natural hercynite

Composition, per cent

SiOZ

Alzoz'

FeO

500 . :

56.9

40.3

38



Figure 6 :

Figure 7:
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Photograph of crushed fraguients of
natural hercynite, taken with the
aid of a petrographic microscope.

Nicols are not crossed. 170 =x.

Photograph of crushed fragments of

the slag of test 16 taken with the aid
of a petrographic microscope. Nicols
are not crossed. H represents hercynite

and F represents fayalite. 170 x.



(a)

(b)

Figure

8

Photographs of the X-ray patterns for
(2a) natural hercynite and (b) the
hercynite of the slag of test 16. Times

of exposure of the negatives were s

hours for (a) and 12 hours for (b).
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Figure 9:

Figure 10:

Photograph of the slag of test 16 taken
with reflected light. H probably denotes

hercynite and F probably denotes fayalite.

10 X.

Photograph of the slag of test 18 taken

with reflected light. F probably denotes

fayalite. 10 X.

41
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Interpretation of results:

As shown in Table.4-D, magnetite was the only Synthe—
ﬁic mineral phase that could be identified in the slags |
of_tésts-ll and 120: The-ohemical analyées,of the slags
of tests 1l and 12 showed that the presence ofrmagnetite-
in the Slags>wasvdue to the formation of Fes0z which was
eaused,by_the‘oxidizing.atmDSphere uséd for the fusion of
the -charges. ‘ _

Fayalite was the only syﬁthetic,mineral phase that
was identified in the slags of tests 14 and 15. A compar-
ison of Tables 4-B and 4-D indicated that the reducing
atmosphere used‘for the fusioﬁ‘of 5ﬁeAcharges of tests
14 and 15 was effective in contrqlliﬁg”the ferric iron
econtent of the resulting slags %o 1006 peerent and 14.4
per cent of the botal iron respectivél’y° HoWever, there
was a‘aifferenee in>the corrected compositions planned
for the‘slags and thé'actual compbsitiensrof ﬁhe slags
caused by greéter amounts of‘silica_énd'aiuminavin the
. was due, no

-2 .
doubt, to the reaction of the slags with the fire-clay

latter. This increase in Si0p and‘Algo
crucibles. The only explanatiqn that eould be of fered by
the writer for the formation of fayalite in the slags was
that the actual compositions of the slags were suffici-
entiy close to the fayalite volume of the tetrahedron

C§O=F90%A1205=8102 for the separation of fayalite from
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the melts when slowly . cooled.

The synthetlc mlneral phasesg hercynlte and fayallte,
were identified in the slags of tests 16 through'19° The
data of Table 4-E showed the elose:agreement of the Xfray
diffraction patterns'for naturaily oceurriqg'hercynite and
-a mineral phase of the slag of test 16. Thé unmatched
lines of the pattern for ﬁhe slag were probébly due in
mbst cases to the presénce‘pfianbﬁher éynthetid‘mineral
phase, possibly fayalite, which, as indicated in Table 4-D,
was idéntified with a petfogfaphic.microécepen The forma-
tion of these mineral phases Was probably due to the actual
’comp931tlons of the final slags Whlch were Wlthln the
hercynlte fleld of Flgure .

. The results of tests 16 through 19 1nd10ated that
the prooedure used for the fusions, namely, the fus1on
of the charge in an iron cruoibie embedded in éround
fireaelay together with the-slcw cooling of the resulting'
slag, was the most saﬁisfaetoryrﬁethod used thus far for
the formation -of synthetic mineral phaées of sufficient
gize tbkbe identified with the petfogréphio‘microscépe in
"slagé-whese compositions in most caseé differed oﬁiy

slightly from the eorrected'planned>oompositiohs;
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Series §: Charges computed to yield slags corresponding

to.composition I of Figure 3, M of Figure 4,

and to a com9081tlon approx1mat1ng a quaternary

»eutectlo p01nt

It was the obgectlve of thisrseries of tests to deter-
mine the synthetic,mineral phases that could bé formgd in
slags having a eomposifion corresponding to I of Figure 5?
M of Figure 4, and a coﬁp@sition approximating a quater-
nary eutectlc point of the tetrahedron CaO—FeO-81®2=A1205
All charges of the tests of this series contained formed
' slag as a reagent and were fused in covered iron crucibles
embedded in ground fire- clay, as shown in Flgure 5. All,
slags resulting from the fusions were slowly cooled with
the electrie resistande.furnace.

‘The ﬁlanned compositions of the slags ofltests 20
and 21 corresponded to I of Figure 3 and M .of Figufe 4
‘res;yeé‘t:hrely.o o | |

(25) tyat 4 quaternary

Schalrer suogested in his paper
eutectlc point involwing anorthite, fayallte, hercynite,
and tridymite (810y5) lies in the volume anorth;te-herey~
nite-Si0p-fayalite of the tetrahedron Ca0-Fe0-Si0,-Als0z.
.Schairer reasohed‘that’the euteétio composition would have

s melting point below 1070° C., the melting point of & of

(25) Schairer, J. F., Op. cit., p. 269.

ey it M



_ 45
Figure 3, It was believed by the writer that such a compo-
" sition migﬁt be appliéablelto‘reverbératory—furnace slags
‘aﬁd that experimental work in the search for this edtectio
 _composition woﬁld be justified. The planned compositibn
of the slag of test 22 of this series was intended bo
- approximate the quaternary eutectic composition. -

The planned qqmpositioggvof the slags and the reagents
used for the charges of-tests 20, 21, and 22 are given in
Table 5-A, The'corrected'compositions of the planned slags
due to the subéﬁitution of formed slag for ferrous oxalate
in tests 20, 21, and 22 are given in Table 5-B. Table 5-C
gives the condibions of fusions for teétslzo, 21, and 22,
The chemical analyses of the slags of tests 20, 21, and 22
and the phases‘identified ére given in Table EFDO

- The melting points of I of‘Figdre 3 and M of‘Figure 4.
were found by Schairer to be 1108° C. and 1073° C. respec-

tivelyo(zé)

As previously mentioned, the melting point
of the quaternary_eutectic composition, approximatéd by
the charge.@fAteSt.zzg was_believéd by Schairer to be lower .

than 1070° C.

(26) Schairer, J. F., Op. cit., pp. 252 and 245.
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Planned compésitions and reagents used for the

'Table

Table 5-A:
charges of tests 20, 21, and 22,
. |Test Planned Camp031tlon,_' Reagents, grams
No, |- - per cent :
810y | Cal | Alg0x| FeO | SiOp| Cal | AlgOy | Slag of
. : - : test 5
20 | 4.0 |5.6 | 10.1]/ 50.5 | 2.4|0.4| 0.6 9.6
(a)| (p)|(a) | (a)] :
21 | 40.3 | none| 12.5| 47.2 | 3.2 | none| 0.9 8.8
(c) : | .
22 | 41.0 | 3.8 | 13.0| 42.2 | 3.6|0.3| 1.1 | 8.0
(a) Corresponds tQAI of Figure 3 and 27.7 per cent of
anorthite., ' o
(b) Includes the SiOy of the anorthite.
(c) Corresponds to M of Figure 4.

Corresponds to 18.9 per cent of anorthite, lO 4 per
cent of hercynite, 53,7 per cent of fayalite, and
17.0 per cent of tridymite.

'Corrécted compositions of the planned slags

5-B:
due to the substitution of formed slag for
ferrous oxalate in tests 20, 21, and 22.
Test Composition,‘per cent
No. ] — :
Sioz Cal | A1,05 | FeO [Fey0, | Metallic iron
20 | 33.5 | 5.4 9.5 | 49.3| 2.4 0.1
21 | 38.5 [ 2.1 | 11.5 45,5 2.3 0.1
22 |40.1.14.2|12.5 | 4l.1 2.0 0.1
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Conditions of fusions

‘Test| Temperatures,

‘No. ~degrees, C.

Initial|Final(a

).

Remarks

20 | 1204 | 1010

Charge placed in a covered iron . | A
crucible embedded in ground fire- |

~clay and heated for 2 hours at

1204° C.; heatigg was disconti-
nued until 1010° C. was reached -
and then continued for 3 hours
maintaining a temperature of
1010° C. The slag was cooled
with the furnace. Fusion was
complete, ' :

21 | 1204 | 1010

Frocedure was the same as thatb
of test 20 Fu310n was completeo

22 1204 | 1010-

Procedure was the same as that

of test 20. Fusion was complete.

(a) At the end of the heating period.
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Table 5-D: .  Chemical analyses of the slags of tests 20,

21, and 22 and the phases identified

Test ’ Composition, per cent - Phases =
No. ——— ; : ‘ Identified (b)
| 5105 | 020 | 41505 | FeO | Fey05 | T

20 | 30.8|4.5| 8.2 |51.7| 4.7 | 0.7 | Hercynite and
. o : ‘Fayalite

21 | 38.1 1.9 |10.0 |43.3| 5.4 | 0.3 | Hercynite and
§ | , | Fayalite

22 | 38.1 | 3.8 |12.1 | 40.7] 0.3 | 0.2 | Hercynite and
_ | ‘ Fayalite. (c)

Metallic iron :

By petrographic method ‘

A small numbeyr of. anlsotroplc crystals, having 1ndlces
of refraction in the range of 1.550 to 1.600, were
present but were too small in number and 81ze to be-
-identified by the writer.. '

QoD
Mgt Vg bt Vg

Interpretatlon of results:
The data of Table 5-D show that hercynlte and fayallte

lwére the only synthetic mineral phases 1dent1fle@ in the
- slags of tests BOV-Zl and 22. ‘A small number of aniso-
troplo crystals hav1ng 1ndlces of refraction within the
range 5?>those of anorthlte were present in the slag of
'-test 22 but could not be 1dent1fled by the writer. If
,. these(orystals were those_qf synthetlc anorth;te, 1t might
'have indicaﬁed that thémebﬁpositipn.gf the slag of test 22,
shown ianabie'S-D;.as compafed_with_the gnknown'eutectio
fcoméosition'was’too_high in~FeQ and too low in SiOé.and Li

AlLg0s.
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CHAPTER IV
CONCLUSTONS

The results of the experimenfal work: of Series 1

showed that the use of an uneovered graphite cerucible

for the fusion of the charge of test 2 resulted in

maintaining 80.4 per cent of the iron in the ferrous

. state when‘the slag was cooled slowly as compared %o

the retention of oﬁl&~l5gl per cent in test 3 when
the charge, cdgtaimiﬁg flour;-was fused in a co#ered
fire~clay cruciblé and the glag Waé slowly ecooled,

The fusion of the ¢harge-of iest 5 of Series 2
in a cbvered graphite erucible without flour‘fOlléwed
by the quenohing of the molten slag in water resulted
in meintaining 95.4 per cent‘bf’the iron in thé ferrous
state and yielded a slaé 5f‘é702 per cent of FeO,

The fusion of thé charge of test lO_of Series 3
in a covered firé=clay crucible with flour followed by
the quenchiﬁg of the moltgn slag in water resulted in |
maintaining'9505'§er‘cént'of the iron in the ferrous
state and produced a slaé of 40.6 per cent of Fel,

The results of tests 7 and 8 of Series 3 and of
tests 11 and 12 of Series 4 indicated that the éxidi-.

zing atmosPhere used for the fusion of the charges

=

228150
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resulted in fhe formation of synthetic magnetite°

The results of test 2 of Series 1 did not indicate
the presence of synthetic mineral phases in the slag,
It is possible‘that the slag of test 2 contained syn-
thetic mineral phases‘bufvthat the slow cooling of the
slag in the:pot furnace was still too rapid for the
formation of'érystalé of sufficient size to be detected
With the petrogréphic microscope.

Synthetic fayalite'was identified in the slowly
cooled slags of tests 14 and 15 of Series 4. The

réducing atmDSphere'employed_fOr the fusion of the

- charges of tests 14 and 15 obtained by packing the

érucible'in charcoal was effective in controlling the.

ferric iron content of the resulting slags to 10.6

-per cent and 14.4 per cent of the total iron'reSPec;

tively. However, the molten slagé‘reacted‘with théu
fire~claj erucibles during the heating period causing
a chénge in the compositions of the slags‘from the
planned compositions. -

AThé synthetiec mineral phases,'hereynite and faya-

lité, were identified in the slowly cooled slags of

_ tests 16 through 19 by petrographic methods. In these

tests the reducing atmosphere was_maintéined by embed-
ding the iron erucibles in ground fire-clay. The

presence of synthetieAhercynite‘in the slags of tests
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16 and 19 determined by petrographie methods was

confifmed by comparisons of the X-ray diffraction

_pattefns of ~the slags to the X—ray diffraction patterh'

of naturally oceurring hercynite. The formations of
the synthetic heroyhite and fayalite were probably due

to the actual compositions of the final slages which

- were within the hercynite field of Figure 3,

The results of the experimental work of Series 5

showed that hercynite and fayalite‘were the only syn-

' thetic mineral phases that could be identified in the

slowly cooled slags of tests 20, 21, and 22, In these
teéts-the reducing atmosphere was maintained by embed-

ding the iren crucibles in ground fire-clay. The

apparent absences of anorthite in the slag of test 20,

tridymite in the slag of test 21; and both anorthite

and tridymite in the slag of test 22 were probably due
to.the differences in the actual compositions of tﬁe
glags from ﬁhe planﬁed oomposiﬁions of'I‘of‘Figure 3,
M of Figure 4; and that of the approximate;qoaternary
éutectio reSpectiVely°

The fusion of the charge in an iron crucible

~embedded in ground fire-clay togéther With‘the<heating~

of the resulting slag at a constant temperature“below

- . its melting point for three hours and the slow-cooling

of the slag, thevprooedureoused for tests 16 through 19
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of_Series»é‘andsz through 22 of Seriesvs, Was’the
most satigfactory method for the formation of synthe-
tic mineral crystals of sufficient size to be identi-
fied with the pétrog:aphic microsqopéo

The. res&lts of the tests of Series 4 and 5 prove
that a high alumina content in 1aboratory—férmed slags-
can result in the formation of synthetic hercynite if
the proper propoftions‘offeo, Sioz, and CaO are pre-
sent and 1if ﬁhé slag is cooled slowly. The writer is-
not positive that the effect of élow cooling on the
formation of synthetic hercynite is critical.

The results of the eXperimental work deseribed

‘herein . suggest the need for future experimental work

1nvolv1ng viscosity measurements of slags of varylng

compositions at various temperaturese It is believed
by the erter that a determination of the comp081tlon
of the quaternary euteotlc 1nvolv1ng fayallte-hercy—

nlte—anorthlte-and—trldymlte followed by viscosity

measurements of slags of this composition at various

: tempefatures might result inia‘fluid slag of high

alumina .content and melting point lower than 10700 C.
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