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SYNOP ST 8

Pravious wvork on the equilibrivm between lron gonboining oxygen
and molten fervoup glogs has been largely concarnsd with pure

Falrin0 slags and pilica sgaturated glogse Byon in thepe limited
flalds complebe agreoment on the equilibrie hog not been atiaineds The
praegont work was carried out o obtoin Lfuwrvher Informatlon on tha abowve
equilibria and to exbend invesidgations Lo glage not saburobed wilih
Bllico.e

fron wos melibed in o puvified nltrogen abtmosphare in elip cogh
magnesla cruclbles under warious lvop-mengenese-glllceie glage ab
1550°, 15759 and 1600 for bimes verying from 45 ninutes o 2 hours
afber whilch pamples of slog and metal ware bokene Tha caquﬁ.lfz.brzi.wa
wes approached from hovh sldes in different experiuento. Slog gonpler
worae analyped for FaQ, #ép0z, MuO, Mg oand 8103, and metal samples
for Monganeso, silicon and oxygone

The solubilivy of oxygen in iron under & puve irxon-oxide glog

incronsad from 0.19% at 1L550° to 0224 ot 1600%. The veriation of

R £,
KM& | (Fag)n[%m\]

wlth vemperaburae wos glven by the following expregsions

Log i = 1222 - 3,380

&
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Tho meen values of the covvesponding conshants for sllico
goturated slogs were found bo bo 15.95 and 13.8 ab 1550 and 3600°C
ragpactively compared with 155 ond 117 glven praviously hy Korhew
and Ooloan(l)e A value of =6000 calge for the free energy of
formation of rhodonibe from mengenese~aride (Lloquid) and ellice ob
1600%C wap derived from the above daloe

Tho mean agbivity coofficionte of Fed and Mud in pilico gaturabor
FelQ-Mn0~810; slage were found 4o be Qe94 and 0423 respoctively ot LE00X
Whon combined with the data of the obher workersg, the vesulbs indlcote
“het Y pno vises wlth increaslng Genperaiurc.

Ky, = [ZA81]] %] was found o ba 249 x 10 which 4o in good
agmamené wibh moot pa;*aﬁaua Worlte

"

Tha resulbs obtained In equilibria with ologs not seturated with
gilica were nsed to derive igo-oxygen golubllity (In mebel) curves and
farrouy oxide lgoractivily ourves for FeO=(Ma0, Mg0)~S10y slags ab
L600%C.. A esmald popibive devlabion from ideslity wag obsorved, tho
greategt deviabion hoing along the FaQ-Msny 8l Jol. durva&a ARG
also consbructed showing the mengancse and s:ll:?,.cox;; conbents of metol
In equilibrium with Feﬁe-(fﬁ”mﬂ@ftgﬂ)”mmﬁ glogs ot 1600°%,  The monganese
contente did not compare favourably wibh those of Turkdogen and
Poorsonl )«

Coleulotilons vere made of the acbivities of Mn0 and 810, in
MnQ-S10s alags ol L600°C ond the resulbs obtained were used to derdve
frae energles of formablon of MnO-810s slags at 1600°C and the chomlicol

potentiols of the component oxldese
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A gomparvison of values of KYgi obtolned with slags vot saburabed
with 810z wibth thoge obbained t«ri‘i;h“zs:ll:mza. soturated glags showved
ﬂ:lsscmp@ciea which supgested thol gilicon and oxypen affectod each
oblients activitiess An albernebive auplenstion was thob molten motal
was a.?gle e reogh equilibiiom with the pillea gompling rod durdng the
1-2 peconds of gamplinge

The resulbs obbained were used to derive the rolablonship bebwes:
the amount of o mongandge~gilicon deoxidiger switable for the formation
of ligpid deoxidation prodacts, the percentoge of oxygen removed and Ghx
Tinal oxygen contents of molten ivon ob 1600%C. Curves were alsgo obial
ghowing the idesl mangengge-gillcon ratlo in the deoxidimer and tho
Linal oxygen content of the iron for verious Initiel oxygen conbonboe
The ideal yotlo wordied between 3 and 6 for mowb normold pracitlenld
vaquivenenbs but Lell rapldly vhen high degrees of deoxidabtion were
requirade

& momber of expeciments were carwvied oub in which aboub :@,% of
nengonage~pllicon deoxidiser wag added to abouh 50 gmse ;)i;‘ nolten
iron conbalning oxygen and sampleos talkon ab vorylng bimes afier the
dcaox:idimr. additions In all casges the repldual oxygeon conbenbs wore
higher thon thoge predlcoved fvem the equilibrivm experiments end 1b
wag gpperant that even afiter L nlnute, rapld tronsfer of oxygen from

\

plog 1o mebtal wag telking places
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Recent Developments in Core & Mould Making Processes.
By Supriya K. Bhattacharjee, B.Sc. *

INTRODUCTION.

In the space of a brief review it
would be impossible to discuss fully
all the important developments which
have taken place in foundry practice in
recent years. This paper has, there-
fore, been restricted to cover the latest
developments in core and mould making
processes, which play a major part in
foundry practice and control to a large
extent the rate of production and the
quality of castings, especially such feat-
ures as porosity, surface finish and
dimensional accuracy.

Until recently cores and moulds have
generally been made from oil bonded
sands. Loam compounds incorporating
drying oils, molasses, etc.,, have also
been used as binders but the rate of
industrial production has increased con-
siderably and conventional oil—or loam
—sand practices of core and mould
making, although still in use in more
than 80 per cent. of all foundries, have
not proved adaptable to high produc-
tion rates. For modern requirements,
it is necessary to obtain increased
production by maximum utilisation of
the available manpower and working
space on the one hand and by reducing
time and physical effort on the other.
Amongst the new core and mould
making processes, utilising sand as the
basic material, the “ C,” “ D ™ and CO,
processes have established themselves
as suitable production processes. Their
applicability depends on economic con-
siderations and on individual factors
which vary from foundry to foundry.
In this review the above mentioned
processes are discussed and the probable
extent of their future use is outlined.

“C” and “D?” PROCESSES.
GENERAL.

Both these processes are used in the
tield of small precision castings only.

* Research Student, Royal Temhestnl College, 0;5’_ Sclen A‘Tadwm_
,
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The “ C™ process utilises a powdered
resin/sand mixture and a hot pattern
to make cores or moulds. Powdered
resin in the resin/sand mixture in con-
tact with the hot pattern softens and
binds the sand round the pattern. When
the desired thickness has been obtained,
the mould, along with the pattern, is
sent to oven for a short time baking.
After baking, the mould is stripped off
the pattern. Two such half-moulds,
produced in this way, are fastened
together to give a complete mould.

The *“ D ™ process, however, utilises
a special core oil as the binder with
sand. The special oil/sand mixture is
blown from a sand blower into the
space between a cold pattern and a hot
contour plate.  The moulds, formed,
are stripped out from the pattern and
sent for baking into the oven. Due to
certain practical difficulties in the pro-
cess, which will be discussed later,
liquid resin/sand mixture and hot patt-
erns have been used in this process
recently. Besides powdered and liquid
resin, used in the “C” and “D”
processes respectively, the properties of
the different types of sand and additions
also influence markedly the properties
of moulds and cores.

SAND.

Sand with an A.F.S. number of 75-
230 and a clay content preferably nil
but in any case below 2 per cent. is
used as the basic material. Any grain
shape may be used provided it is dry
and free from easily fusible metallic
oxides. Much less sand is used than in
conventional oil-sand practice, so that
the higher cost of the sand is largely
offset. Admixture of 20-30 per cent.
sand with an A.F.S. number of 40-60
gives better permeability and a good
shell strength without impairing the
quality of the castings. The author
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found that such a mixture gave very
satisfactory results especially with alloy-
ed cast iron. Wherever the pouring
temperature exceeds 1,300°C,, it 1is
desirable to add some coarser sand to
obtain a good finish.

BINDER.

The binder in the * C” process may
be either a single or two stage phenolic
resin. Two stage phenol formaldehydes
give better storage properties and shell
life.  An accelerator, usually finely
powdered hexamethylenetetmmine, is
used with the two-stage resins to com-
plete the hardening reaction while hot.
The amount of binder used depends
on the fineness and quality of the sand.
Generally, within the above mentioned
sand range, 5—8 per cent. binder has
been found to give the best results. The
amount of accelerator used is 10—15
per cent. of the binder.

Resins other than phenol formaldehyde
(cf. urea and melamine formaldehyde)
appear to be inferior with regard to
ease of stripping, glaze, smoothness,
strength, flowability and mature
dropping.  PFurther investigations are
proceeding on the ability of other
additions such as suitable clays (e.g.,
entonite, montmorillonite etc.) to
reduce resin consumption without affec-
ting shell strength and other desirable
properties, the use of inhibitors for
use with non-ferrous castings, and of
plumbago to improve surface finish.

In the “ D™ process using a cold
pattern a special process oil was initially
used as a binder. Addition of 2—2°5
per cent. was reported to give a satis-
factory blowability value.  Results
obtamed by the author, with available
patent oils, such as Permol, Glycol, etc.,
and also with pure linseed oil bmders
under * D™ process conditions, were not
wvery satisfactory when compared with
conventional oil-sand practice.  Oil
when used alone as a binder presents
certain practical “difficulties because its
viscosity is lower at high temperatures

- ally in the

and as a result sand loosening occurs.
Unless they are fully baked as in con-
ventional oil-sand practice, oil-bonded
cores are very weak while hot, especi-
“D ™ process where within
the range of 200-250° C., the mould
(heated by contact with the hot contour
plate) is to be stripped from the cold
pattern within a reasonable time,
for further baking or curing. This
weakness may be a major factor in shell
distortion and resultant dimensional
inaccuracy. FPurthermore, the oil film
formed on the core box and pattern
plates from the oil bonded sand leads
to stickiness and gives rise to difficulties
in smooth stripping. These difficulties
have been partly overcome by intro-
ducing such materials as powdered
hydrocarbons, iron-oxide, fly-ash etc.,
which act as a filler and drying material
in the oil compound at elevated temper-
atures. Addition of these “extenders™
varies from 05 per cent. of the sand
weight in the case of hydrocarbons to
1-2 per cent. and 6 per cent. in the
case of iron oxide and fly-ash respec-
tively.

Because of the difficulties associated
with. the use of oil in the * D ™ process,
liquid phenolic type resins have been
developed recently as an alternative. A
hot pattern is used with these binders,
and to avoid stickiness, a little light
distillate oil is used. Hot contour plates
and cold patterns may also be used but
the use of hot patterns is becoming
popular because of its ease of working.

EQUIPMENT REQUIRED.

In both the “C” and D™ processes,
where the dimensional accuracy requir-
ed in the castings is == 0-005 ins,
accurately dimensioned smooth patterns
are essential, of uniform section and
a thickness sufficient to maintain an
adequate temperature head for the
desired shell formation. Metal patterns
are suitable for both processes. The
metal used should not distortat elevated

~temperatures and should have a co-

34

efficient of thermal expansion which
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does not offset the dimensional accuracy
of the shells made on the pattern. Brass,
cast iron and aluminium, are used,
although the latter is the least suitable
due to its high linear expansion (ap-
proximately twice those of brass and
cast iron) and thermal conductivity
(approximately 25 and 4 times higher
than brass and cast iron respectively).
However, aluminium can be used when
thick patterns are required for certain
castings in the *“ C™ process, provided
proper allowance is made for expansion.
They may also be used in the “D”
process without any trouble, when
working with cold pattern. Cast iron
patterns give the most satisfactory
results in both processes but are heavy
in handling and expensive.

To facilitate working, mounting plates
are necessary in both processes. The
“D™ process also requires contour
plates, preferably with a large number
of blowing holes. Stripping pins and
ejector plates may also be necessary in
both processes for smooth removal of
the shell from the pattern. Their use
mainly depends on the design of the
castings.

MIXER & MIXING PRINCIPLES.

When resin is used as a binder, the
conventional oil - sand mixer does not
give thorough mixing, and defects,
known as resin spots occur in the
finished castings arising from the pres-
ence of localised lumps of resin in the
mix. For eflicient mixing and binding,
powdered resin having an A.F.S. num-
ber ranging from 120 to 140 is in
general use in the *“C™ process. As
such a fine resin absorbs moisture
readily and tends to form lumps, it
should not be allowed to remain exposed
to the atmosphere for long periods.
Therefore a closed type rotating tumbl-
ing mixer is preferable. Addition of
a small percentage of liquid resin, para-
fhn or lubricating oil to the sand before
adding the powdered resin prevents
dust and gives a uniform resin/sand
mixture which does not pick up mois-
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.sand mixer.

ture during storing. The rotating
tumbling mixer can also be used when
working with liquid resin in the * D7
process as well as any conventional oil/
In both processes milling
time varies from 8 — 10 minutes and
sand, direct from the drier, should not
be used unless its temperature does not
exceed 50-—60° C., as mixing at a
higher temperature leads to stickiness
in the mixer. In the “C™ process
addition of 7-5 — 10 per cent. of zircon
flour to the resin/sand mixture used for
medium carbon and stainless steel cast-
ings has been reported to improve
surface quality. Zircon flour additions
to a base sand of A.F.S. number 230
containing 10— 105 per cent. resin
undoubtedly improves the surface finish
of such castings and decreases metal
penetration, but they also increase costs
due to the extra resin consumption
resulting from the zircon addition and
to the extra cost of the zircon flour.
During some recent trial experiments
on mild steel castings the author obtain-
ed very satisfactory results with a 7 per
cent, resin/sand mixture, simply by
adding 40 per cent. of coarse sand
(A.F.S. number 30 — 80) and treating
the mould face with plumbago.

The proportion of resin to sand varies
from foundry to foundry depending on
the thickness and temperature of the
castings. For small castings (3—101b.)
made of cast iron or any non-ferrous
material, 5 -— 6 per cent. resin will be
sufficient, using sand of A.F.S. number
150 — 230 with a 30— 40 per cent
addition of coarser sand of A.F.S. num-
ber 90 — 120, if required. For heavier
castings, weighing from 15— 30 Ib,,
and for all castings, when the pouring
temperature is high, 7 —7-5 per cent.
resin gives good results with a mixture
of fine sand (A.F.S. number 150—230)
with 30-—40 per cent. coarser sand
(A.R.S. number 30-—80). Patent resins
like * Resolite,” ** Cellobond ™ etc., may
be used.

In the * D ™ process, 2 — 3 per cent.
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liquid resin gives satisfactory results.
These liquid resins are much cheaper
than the powdeled resins used in the
* C™ process. As in the latter process,

coarser sand may be added to obtain

improved strength and permeability.

! PARTING AGENTS.

With a cold pattern, as in the “D”
process, if a green strength of 0-5 — 0-7
Ibs./sq. in. is obtained with an oil
bonded sand containing extenders,
generally no parting agent is necessary
to remove the shells. But as has been
mentioned, oil bonded sand gives an oil
film, especially on intricate patterns and
core-boxes. These are kept clean by
means of a mixture of linseed oil and
water,

. Moulds formed on hot patterns,
'which are required with the powdered
and liquid resins used in the “C ™ and
D™ processes respectively, are very
difficult to strip-off. Therefore before
the pouring or blowing of the invest-
ment (sand/resin mixture) the metal
pattern should be treated with a strip-
ping agent to facilitate smooth parting
of the shells without any distortion.
Polytetrafluor ethylene (P.T.F.E.) gives
the best result in terms of ease of
stripping and the number of moulds
made per application of the parting
agent, but its application to the pattern
surface and subsequent removal is diffi-
cult and tedious and it is also in short
supply A solution of 4 to 5 parts by
wolume of silicone emulsion in 100 parts
of water or white spirit when sprayed
on the hot face of the patterns, gives a
satisfactory result. Certain other parting
agents e.g., parafiin, wax, butyl stearate,
although giving good results, cause
staining on the valuable pattern and
also produce dense fumes due to decom-
position at the working temperature.

PATTERN TEMPERATURE
AND BAKING.

Pattern temperature should be con-
trolled to give a compact thick shell
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on the smooth surface of the treated
pattern within a reasonable time.
Although the temperature range recom-
mended for patterns varies from 175—
300° C., the actual temperature will be
decided by the design of the casting
and the resin/sand mixture. A straight
pattern of uniform thickness gives no
trouble. Difficulty is experienced when
heavy and thin sections are present in
the same casting, as the shell in heavier
sections may be overcured, whereas that
in the thin sections remain undercured.
It has been generally agreed that a
pattern temperature of 200—215° C.
with an oven temperature ranging from
300—315° C. is suitable for most work.

When patterns are simple and
uniform in section, higher pattern
temperature may be used.  This will
produce a thicker shell within a very
short time. With pattern temperature
of 200—215°C.,, a contact time of
10—12 . seconds in the *“C™ process
will build up a shell ranging from "
to about 1" in thickness. Shells thus
produced are sent to the ovens for
curing or hardening. The curing time
varies from 1—4 minutes, depending

‘on the shell thickness and ‘the oven

temperature. Undercuring of shells
leads to dimensional instability and
physical tests on standard samples
should be carried out regularly for each
batch, e.g., compression, tensile and
flexural strength tests for which con-
ventional sand testing methods are
adequate. With properly hardened
moulds or cores, the compression
strength varies from 1,150—2,500 lbs./
sq. in. and the tensile strength from
250450 1bs./sq. in. The actual values
depend on the quality and per cent. of
binder used, as well as on’ proper curing
and to some extent on the type and
range of sand used.

In the * D " process, using liquid phen-
olic resins with hot patterns and cold
contour plates, the shell formed is eject-
ed by the stripping pins or plates and
sent to the hardening ovens, where the
temperature range is the same as in the
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“C?"™ process. However, curing time
is longer, increasing from 5 to 15 mins.
as the oven temperature decreases from
320° to 240° C., for a 0'5 inch thick
shell. During some trial experiments,
the author used hot pattern and contour
plates with a liquid resin/sand mixture
of good blowability value, and obtained
satisfactory shells which could be
handled quickly without any distortion.
If the pattern and contour plate
temperatures are kept above 200°C.,
then within 2—3 minutes after blowing,
the shell acquires good compactness on
both surfaces. In this way curing time
can be brought down to a minimum.
The only dificulty experienced is that
contour plates require frequent treat-
ment to remove adhering particles in
the blowing holes and edges.

When special “ D ™ oil is used as a
binder, the shells formed have a green
strength of 0-5—0-7 lb./sq. in. Careful
handling is necessary to avoid distortion.
The shells are baked in thermostati-
cally controlled ovens or in any
conventional type of oven provided the
required temperature can be maintained.
A properly baked * D™ process shell
would give more than 300 lb./sq. in.
in tensile strength on an A.F.S. tensile
specimen with a dry hardness varying
from 90—95 plus.

MOULD AND
CORE MAKING MECHANISM.

In the " C” process, mould formation
can easily be carried out with a top-
face open box or as it is generally
called, an * inverting box,” which can
easily be inverted by gearing or by a
lever system. The hot pattern mounted
on a pattern plate is fitted in an inverted
position on the open face. When the
box is inverted, the investment falls on
the treated hot pattern. The thermo-
setting properties of the resin form a
plastic bond in the sand, and the mould
forms on the pattern surface. The time
of contact depends on the pattern
design and temperature and the requir-
ed shell thickness. For core-making,
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a blowing machine can be used but
the dumping technique, as mentioned
above, is more economical.

In the " D ™ process, a core blowing
machine giving an air pressure of 80—
100 1b./sq. in. is necessary, whether a
cold pattern and a special oil/sand mix-
ture or a hot pattern and a liquid
phenolic resin bonded sand is used. A
core blower with a lower air pressure
may be used but in such a case, the
number of blowing holes in the contour
plate should be increased, otherwise a
uniform, dense and compact mould or
core may not be obtained. The thick-
ness of a shell formed by this process
will depend on the space left between
the pattern and contour plate.

DISCUSSION.

Both processes are used for precision
castings only. The maximum casting
weight in general is 30 1lb. due to the
limitation imposed by shell thickness.
Properly backed moulds, however, can
produce castings weighing more than
2 cwt., although backing is an extra
operation which costs money and takes
time.  Either metal strengtheners or
recovered foundry sand may be used
for backing.

By using either the “"C™ or “D"
process, castings may be obtained with
a good surface finish and dimensional
tolerance and therefore further machin-
ing may be avoided, thereby decreasing
considerably the cost of production.
The time required to make moulds and
cores is very little compared with that
for conventional sand practice. In
America, machines, which will produce
cured and stripped moulds automati-
cally, are already in production. The
moulds can be stored for considerable
periods. Metal patterns once made, can
provide hundreds of castings without
replacement. Compared with conven-
tional sand practice these processes
require very little floor-space, so that
establishment costs are also reduced.
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- Application of these processes to
general foundry practice where the
number of castings of any one type is
'small and the castings may vary from
41b. to 20 tons, has not been very
promislng Except under special circum-
stances where casting accuracy is vital
and cost is of secondary importance,
jobbing foundries cannot derive much
benefit from these processes. This is
mainly because accurate metal patterns
are so costly that unless a large number
'of castings are made, the pattern price
alone will put a heavy cost on the
article. Furthermore, provision would
need to be made for controlled heaters,
sand mixers, inverting boxes, core blow-
ers, contour plates, stripping pins,
ejector plates etc., which although they
cover a relatively ‘small amount of floor-
space, add to_ the cost of production.
‘The methods have been successfully
applied in foundries producing a-large
number of standard small castings up
to 2 cwt. in weight. Foundries in the
\automob:le, aircraft, bicycle, diesel
‘cngme -textile machinery, etc., indus-
tries, are most suitable for the adoption
of these methods. Although the cost
of basic materials may appear high, any
foundry suitable for the adoption of
these methods would consider the cost
and quality of the finished product in
relation to those of conventional sand
practice.

The cost of oil or liquid resin is
‘much lower in. the “ D™ process than
in the “C™ process. On the other
hand, uncured moulds or cores in the
“ D™ process. cannot be easily handled,
curing time is longer and more mechan-
isation is required for mould and core

making, Furthermore, there is not com-
plete agreement on the best type e of
mechanisation for the * D ™ process and
present equipment may very quickly
become obsolete. In the “ C™ process,
‘m"{kmg and handling of moulds and
ccores is quick and easy and in spite of
the higher cost of resin, higher rates of
production can easily give a lower cost
of production.
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THE CARBON-DIOXIDE
PROCESS. '

GENERAL.

When clean dry sand is mixed with
sodium silicate, it hardens when air-
dried. Reports published before and
during the war did not encourage
application of the process, since the
severe sintering and metal penetration
which occurred made fettling imposs-
ible and led to scrapping of castings.
On the other hand, certain recent publi-
cations suggest that prev1ous ob]ectzons
to the use of sodium silicate may have
been due to imperfect technique rather
than to the process itself. The main
disadvantage of air-drying is the time
required. When CO, is passed through
sand mixed with a sodium silicate type
of binder, bonding of the sand occurs
due to the formation of silica gel by
the action of CO; on sodium silicate.
As silica gel loses strength during heat-
ing, it is possible that sintering may not
occur. Complete data on these aspects
of the process are not available.

SANDS, ADDITIVES AND . -
THEIR PROPERTIES.

A wide variety of British and foreign
sands may be used. The sands must
be free from active clay, clean, dry and
cold. Angular or sub-angular sand may
be used, with an A.F.S. number varying
from 30 to 150 and comparatively free
from fines, The use of dry -sands
improves the strength, whereas . cold
sands prevent rapid hardening of the
mixture on standing. The presence of
clay and fines makes the moulds and
cores friable, requires higher percen-
tages of binder, decreases permeability
and makes thorough gassing very diffi-
cult.  Although silica gel loses its
strength on heating, it has been observed
with some high temperature melts
that sintering may occur, resulting in-

_collapsibility infertor to that of conven-

tional sand practice. Certain additions,
e.g., pelleted pitch, asphalt, coal dust
etc., have been found to give adequate
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collapsibility for foundry use. These
additions, the amount of which varies
from % to 1 per cent., are also useful in
improving stripping properties. On the
other hand they give rise to gas and
dense fumes. Fluorspar has been report-
ed to give promising result in that it
does not give gas or fumes, yet it lessens
metal penetration and increases collapsi-
bility.

. It has been reported that sands with
high clay contents have been success-
fully used but unfortunately no data
are available. It is possible however
that the presence of about 1 per cent.
of certain types of non-active clays may
not be harmful. Active clays tend to
absorb moisture. In the CO, process the
cores and moulds are not dried by heat-
ing and therefore any moisture absorbed
by the active clays will lead to scabbing
and blowing of castings. Furthermore,
the compression strength decreases as
the clay content increases. This is
especially so after long standing times,
as the compression strength of clay-free
sand increases with time, but that of
sand containing clay decreases (eventu-
ally reaching a minimum value after
2 — 3 days). The effect of moisture on
compression strength is similar to that
of clay.

An approximately linear relationship
exists between the optimum content of
binder for maximum strength and the
A.FS. fineness number of the sand,
which may be expressed as:

“BT=0-0245 F+ 1.75 . - (1)
where "' B ”= optimum binder content, p. cent

“F" "= AJF.S. fineness number.

Once the sand is graded, the opti-
mum binder content may be determined
from the above equation. The perme-
ability of the optimum mixture may
then be estimated from the equation :

“P" =196 —6B - - - - (2)

where * P " — Permeability,
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This equation is applicable within
the range of 1 to 7 per cent. binder to
sands generally used in British foundries
covering a wide range of A.F.S. num-
bers.

For a fixed grade of sand, and using
within == 49, of the optimum binder
content, the relation between the com-
pression strength and gassing time is
given by :

x=2¢+150 - - - - (3)

where x == compression strength in 1b./sq. in.

t = gassing time in secs. (20 - 300 secs.)

This equation is not valid for the
initial 10 to 20 secs. gassing time, during
which compression strength rapidly
rises from 1 lb. to about 200 1b./sq. in.
Although gassing times higher than 30
secs., are not usually necessary, equation
(3) gives the gassing time required to
attain a given compressive strength if
a mould or core is required urgently
and insuflicient time is available for
development of the necessary strength
by standing after the normal 10-—20
secs. gassing. Under normal conditions,
further gassing is only a waste of gas
and labour. If any core or mould is
urgently needed an alternative to extra
gassing is to heat for a short time. It
has been reported that after the initial
gassing and using 4 per cent. of a pro-
prietary binder, the strength was about
100 1b./sq. in. This increased to 250 1b.
/sq. in. after % hour standing, but on
baking the core for 20 mins., at 200° C.
and then cooling, the strength had
increased to 1,200 to 1,400 lb./sq.in.
This may not be a typical case but
undoubtedly baking at a low tempera-
ture for a short time increases the
compression strength.

The moulds and cores are usually
hardened either in boxes or with patt-
erns in situ, when the green strength is
only % to 14 1b./sq. in. After the initial
gassing, the patterns are removed with
the aid of ejector pins or stripping
plates. If the pattern is to be removed
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| before gassing, green strength in the
“region of 3 to 41b./sq. in. is required,
as in conventional sand practice, where
. green strength is of major importance.
: Such a strength can be obtained with
any suitable proprietary binder. Tem-
perature affects the behaviour of sand
with a sodium silicate binder in that
low temperatures lead to higher com-
" pression strength and therefore poor
collapsibility. Hence with low tempera-
ture castings the ratio of sand to metal
thickness should be so adjusted that the
outside sand reaches a temperature over
400° C, With high temperature melts,
no difhiculty is experienced, as the bulk
of the sand, if a proper metal/sand
ratio is maintained, reaches a tempera-
ture of over 600° C.

WORKING PROCEDURE AND
MECHANISATION.

A conventional oil/sand mixer may
be used in this process, using a milling
- time from 8 — 10 minutes. After mill-
ing, the sand should be kept covered by
a moist rug, to avoid air hardening of
the bonded sands during storing. Con-
ventional wooden or metal patterns are
in general use. Before ramming, the
| patterns should be painted with cellu-
 lose lacquer or silicone-oil emulsion to
| facilitate smooth stripping. An emulsion
- of linseed oil and water has also been
| found satisfactory. The patterns should
“be wiped down periodically to remove
adhering sodium-silicate. Core blowing
and ramming are as in conventional
practice.

GASSING TECHNIQUE.

The introduction of gas into the
sodium - silicate bonded sand may be
- carried out in several ways, depending
on the individual foundry requirements
- and the casting design. The underlying
- principle is that for efficient gassing,
it is desirable that a minimum amount
of gas traverses the whole mass of sand
within the shortest possible time.
| Theoretically, the amount of gas requir-
' ed for the reaction amounts to about

METALLURGICAL CLUB JOURNAL.

0-3—0-5 per cent. of the sand volume,
but in practice, including gas lost to
the atmosphere, approximately 1 per
cent. is required for hardening. For
eflicient operation, a gas pressure of
about 20—25 1b. per sq. in. has been
found suitable.

E

The following methods have been
used for introducing the gas into the
sands.

(a) The gas may be introduced by
inserting a hollow tube or tubes into
the sand. The number of tubes and
their angle of introduction will depend
on the size and design of the core or
mould and on the gas supply points.

(b) For small cores, gassing may be
done in a closed box, provided with
adjustable clips, shutters, and grids so
that different types of small cores may
be hardened in the same box.

(c) Hollow metal patterns may be
used. The gas, which is introduced into
the empty space, goes through the patt-
ern vents, traverses the volume of sand
and finally escapes through the nozzle
of the cover.

In all cases it is obvious that the
design should be such as to prevent
escape of gas and that it should ensure
that no part of the sand remains
unaffected by the carbon dioxide. For
very large moulds or cores, introduction
of carbon-dioxide is not easy. Experi-
ments are therefore in progress in
certain British foundries on the use of
fast drying materials for moulds and
cores made of sodium-silicate bonded
sand.

Due to the sharp fall in pressure in
the valve, freezing up of carbon dioxide
may occur during gassing. This trouble
may be avoided by employing suitable
valves or by designing the gas system
so that steep pressure gradients are
avoided.
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ADVANTAGES OF CO.
PROCESS.

(i) As cores and moulds do not
require heating, baking stoves are un-
necessary, thereby saving fuel and floor
space.

(ii) The quick turnover of cores and
moulds, compared with conventional
practice reduces labour and floor space
requirements. As the turnover is rapid
the number of patterns may be reduced.

(iii) As the cores and moulds are
hardened on the spot, handling is
reduced considerably, thereby saving
time and labour. Distortion of moulds
and cores during handling is also dimin-
ished and greater dimensional accuracy
is obtained.

(iv) The simple hardening technique
reduces considerably the number of
strengtheners required. In some cases
no strengtheners are needed.

(v) The use of suitably graded dry
sand and a low volatile content binder
gives better permeability compared with
other processes. This in turn lessens
the danger of gas porosity and blowing.

(vi) The process can be introduced
into any foundry working on conven-
tional oil/sand practice without any
drastic change, as it may be introduced
gradually with only a small capital cut-
lay, and existing equipment can be
utilised with little modification. It is
equally applicable to both batch type
and jobbing foundries.

In conclusion, it should be emphasised
that the success of the carbon-
dioxide process depends on proper
mechanisation, although even with a
semi-mechanised technique, foundries
using the process have found that costs
do not exceed those of conventional
sand practice and in some foundries it
has been reported to be considerably
lower. Further developments in gassing
technique should ensure the future
success of the process.
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gdndior ompcerimenbg, bt uelng o Foplbonss )%%ﬁ?‘i.(lﬁ} ohtadned a value
oF 363@9% ol &55@%1

Ib will Lo peoen Seom Flgure 2 that the cxygon solubldlity voluag
obbadnod by cerly workars(4~0) ove much higher than $hose obtadned in
nove rosent oxpordmontol vovlke  Tho mosd proboble pouras of tho
digorapancy ip Ln bomperotinig moastiwenonby, as Chipman and Fotborp(l2)
pad Tayler end Chipman(l3) have shem that tho vattes of bthe abnosphoro

and the pampling hocknioque heve 1ittle influonco on oxvgon solubilitye
o & ;



O
dlibedun tn Liondd Leone

(1) Mansanopa-Quypoen He

- then mangonepo ds addod ap o deoxldisor bo e bath of nolion ivon

sontadndng oxygon, desclved omygen Lo renoved from the solution in bhe
forn of deoxldatdon producte, tho wenotion ccouswrdng holng

Y ' Y ] i

200 - My = (m0) ¢ Eg

Cmo)
(Pron) [Gm]

A oquiddbwium By

bhe aebivivy of leon boluny bakon ag wnldlys A nopusl dooxddatlon beme

spepnbures (Mo, Fe)l deusidalion peodued way be 1iqudd or solid deponddog

~
"

on 4t conpoeglilion, since Lfeprous oxldo malbs ab 18700 and manganoug
culdo ab A785%. Tho mosb vocand invepbigation of tho Folwlind phooe
dogean is thab of Gohonel, Schmoll end Dlewas{l?) vhose resulis owo
doplated dn Flguwe 3, from which 1% can Do goan thab Fed and Mnd Lo

o conbimicus porles of colid colutione Fho work of Fopbay ond Welch{(is)
hap chown that (Folh3i:0) solld polutions ave thormodynamicelly 4dond

over Hho wholeo ronge of coupoodbione Degausw of eglnllerliy in moloculer
wolght and ideality 4o bDloayy sclublon of Ped ond Ml 3% 1o pormlesiblo
o upo welght pavcenteges Inebend of oobivitios end tho omdlibrivnm
congtand obtalnoed In this way con be regpwdod ap the thio gqilibpiun

congbonts Tl Ky can ho wwdibon ag,

Ma T (8 fmon)] i)

providod vthat consentvabilon of monganoge 3n molten ivon ip awdld ond

s dropemangenope solubions behave ddeallye



1750

1650
1550
ui 1450
0 20 40 60 80 100
Feii WO

weidTHT PERCE NT

FiG.3 . FeO-MnO Phase Diagram



0

Xi‘gvm hing boen dovormdned by soveral L "wé{',iga'&ems fron tho
poabs of glag-mebol eqilibeio oxpordnenbsy bt dn all cosos Anbopre
peabation of the PopuLts 4o compiicated somovhald due G0 conbanination
¢f tho Fol«-Mnd plage by the ornclblo moboudsle

Kedngs and Schpelomnn{lo} cerelod vus thaly owperlnenss ab 155090
o 166090 An moguopie and aluning eeueiblos ond obbalned Eyp, = 33200 e
Althangh thelr glog conbodned up %o 80% Algls ond 234 M0, 16 wap nob
possible to ohserve oy offect Hlob the ciueible mabesiel wight howve
on Bpae I3 should Do pulnbed owh, Howover, that unless msegnoslo hag
a mpwrkod loverdng effent on the welllng polnd, widch sooms unlilolys
the Foelud dlogrom of Sohonok ab ed{i¥) indicates thabt wuy of bhe
glags wsed wuld be poidd or purdladldy aoldd ab the owporinentald
bemperatusoe  £H 4o proboble that tho gano 38 dtywe Pore the clags of
igh Blal; combonbe T posip nore proboble thab the cuporinontal
tompavalieos wove considerahly highor bhan 155002500, cavsed by
low opblend pyromobey moadings At tho powo bime, Revbor ond Ocleen(o)
carpried onb experioonts In wpgaopis ceruclbles ovor e wide vonpy of
somparatiers (L400°G-1880°0) and weptried the polatlon bobuwoon bamper~

wivee ond K, dn the fova of the gguation

S - 6}3
kog gy = W‘E% = L.0R68, uvhore "% ip in K.
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Feon thie the wnines of Ty, ab 355070, 16007 and 7000 ave 245,
8?@ and ded wospentlvelye

Gevo, Chipnon and Winkioe(20) mupplementod earlier data obbedined
by Wakler and Chipman{2i) with tho romilio of oxperiments cowrled oub
in largo megnesia awacldblas heated by Jodueblon - with dootvedon ovew
tho wmelt o heep the glag loyor molbony womperebiteos vere meastwod
by M=% thavnoeoiple eueoned dn alllon twbos  Thody r’mm conglpbed of
Ty Mudy Mgh with emall povaonbogas of ldne and sllica picled up
oeeldentally from 'Mm‘ ciuedble and thommocouple sheathe  The plob of
1oz K, agodnsd %; ehtoined fvom the combiued dode sghowed considerable
genbbar and the slope of the line which wos flually drorm Shwough Hho
poduts wop obbalned fron o theorobiend - conpiderablon of the mausenace
venctione Two velnas of the conplont wove vandy £:MM hapad on bhe
woo of % Fol, and Ii;_tgmp haned on tha vse of amadybicolly dotormingd
Fole  Tholr welobiong wbh Danperattee wore xpnansed 08

Bog By, = 2R - pugn

glving By valves alb LEE0YG, 1600°0 und I700°C of 340, Se1 ond Rl
woupectivolye
5760

Iog My o wesd w800
i T

glviag ¥p  values ab 18509, 1600%C and 170076 of 562, 43 ond 240
YAgpoCHivolye
Turkdogon and Peaveon(22) caleulatad alabisticolly tho bogh

1ing to draw through the points of Chipmany Goro and Winlkdew(20) ond



e

obbalned the K)}m = Yomperaitive relatlonship

Tog Ky, = 2408 « 2,436

@
which givog %m values of 4R, 33 ond fed of L5500, 1600°C end 17000
ragpechivolye

Red1(16) corrded oub o small nunbor of emporiuents in mAgNenio,
cruedbles dn tho absonco of siliea ot L8500 and sdporbod an ovopogoe

i
voluo of Je6 Lo K
M
&% wild bo seen that the mowe wecont doterminations of Ky,
ave conpiderobly highop thon those of Erings ond Scheelwmann(l9) ond
Kowhor and Qoloan{9) probably besouge of esvors dndrodiced in the une

of opblond pyromobore for tompevreitve meoguvenenby by the latbow

worloree
from
the vodue of K Ing boon aale:m.aﬁ@e&[ﬁh@w@'ﬁimw avallablo
- Mo
shovrodynamle datn by Chipman, Govo and Winkler(20) end fehonck,

" « ! P " ‘ﬂ A5 N i
Sokmald, end Blevan(l?)e  The fowvmer oblained log I*E-im e ?ﬂ%}’g m Selity

plving KMQ voluos ot LEED, LG00%G end L700% of 5.1, 4.1 and 248

woppoetivalye  Those valuos are dn excellont egroonent with bthoue

dordved from tho oguavion for dog Ky, vhich is based on the vse of
Bolly uot S Fole  Schonek ob al(l7) obtained dhe aquation,

y b iy : 5‘3 & v bl
Liog, l.»gfm u %&v 3408

&

from whioh Ky, veluos of 643, 8.0 and 32 ab L550°C, 1600°C end

17009 vospoctively con be caloulotods
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Byg, vodnos obtalned by the vavions werkevs ave compored in
Tabla le

B Le
Valuas of Ky,

T " B 3575 A 0 YT Sohenet
Pampe Kriugs ond Rorbor ond Gove and  end Dedd. Solwmehl ond

“Ge  Eohackmann Odlpen{®) Winkler Peorsonm  (16) Biowes{d?)
. {10) o) (e8)

e e " b . —

» b cansii

1560 BelaOeB 245 ) ) Be6  Ga3
l@@g hd ;30@ 301 303 o 5.@
1‘7@@ ¥ - Ltk Lel 2ed, o Jel

Hilty ond Crafee(23) falled to deteormino Ko , dn rotating cruelble
oxporinonbs, due to bho fuot bthas the Fod-Mnd glage crepl up the piden
of tho rovating motal cupe f-.@mmvm*, they ropertod a rolationghip
botveon manganose and oxygen congenbradlons in melten ivon in ogllib-
seivn with (Fo, Ma0) deoxidotion products vhleh egreed well wish thab
glven by Ghipman, Goro ond Vinklex(20)s  Lilkowlse, Slomon cnd Bvans(24)
in e pindy of doomidablon of dvon by mengencso at the neliddag poiib
of iwon wore urAble o obtuln values of Ky, ag the deoxddation mrodueh
could not bo ennlysed dizeetlye Tho romulby pgroed well wibth the
thoorebical oquilibeiun bholween dron ond golld Foeo-MaD glogs at Gho
molbdng polut of ivon as caleuloted by Kubaschowskl(28)e Isolaticn
of tho inoluglong by tho sleoholic-lodine mobthod iAndlcabed that the
o oxddos wove complebely migeible and thab abovo 0u7% mongonese 40

tho motal, tho deoxidndlon produch contodns move than 90% MaDs



d3e

I5 i prohoble thet the offect of mongeneese on the soblvity coafficient
of onygen is omalle  Richordson(26) suggeste that os tho affindty of
manganese Lo oxygen e inbermediate helwoen thot of chromnduws and
vanadlun for onygeny 0«57 and L.0% manganeno iy lovey Do 40 0.9

and 0.8 woppestivalys On tho odher bond Chipman(27) hop roferved o
auparinonts vhloh Indlondy that fy is nob approclebly affected by the
prosense of several porvcent of mangonese in motole This lo in oppoo-
suend wivh the mhgewamm‘a(@) what the yablo of Fod/ind slags to g

ﬁ:m ddauid metel is nob affecbod by the presence of ROngEROICe (%]
poens rosgomable to opgome that tho offech of mongonese in bho conceontras
stions encountored in the pregeont work on the actlvliy of oxygen moy

he fenoirade
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(o) Silicun-Owygen Boundlibeiun dn Liegnid Irons

In the productlon of semi-kllled and ldilod stoel, silicon ig
added ag o deoxddisdes  The rencbion coourping and tho corraepponding
el ibeivm congtont may bo raprogonbed b,

8 o+ 20 = (80)

K&; £ %m:h
& E% o, J EQ;@ ]3

1amn Ew: enrans of allloon 4a nddod. dho r’lm‘w{‘ élndd min ww*ar?wa’* e pilion
I:mb J&.:vi’ bho gillcon addod is dnsufflofeont, Lt might be poselble to

bubt A€ tho pilleon addod is ivnsuffloiont, 46 might be posepible o
form o pllica paburatod fvon pilicate glog ap woll oo cplid pillicoe
Thip would nob nowpelly ocour in practles as the corrapponding activity
of el in bthe deoxddotlon product would covrdopond to far oo hipgh an
oxypon conbonb.  (In tho prosence of manganses, the iuborprabation
ig nore complox ond ~will bs reforred %0 in move detail lates).
Thaorotlcelly with deoreasing amcunts of eilicon added, AL phould bo
paﬁmﬁlﬂw v produce wwobturabad dron sllicese dnclusions, which would
gthpoquenily pollidily inescopdence with the Pe0-8ily phase dlagrome
The ugually accopbed form of thin is thad glven by Dowen ond
Schodror(28) and dopicted dn Mpwe 4e  Schonck ond Wlopnew(29) have
recanbly Invesbigated the oquilibelum hobtwoon liguid ivon and silice
soturased iron sllicato glogn and from tho rosulits obbalned suggost

o alight nodification to bho silica liqidue ouwyvoe  Thelv proposed

carve i oleo ghoun In Figure 4.
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Wl vﬁz?ia't‘s:mm of actlvitios in tho blnoxy Fol«010, gyobeon, hog .
hoon dnvastlgatod by Teylor and Chipman(is) and Schmlmonn end Inelo(30)s
Royler and Chipmon, in robating cruclblo axpcaztimenﬁam dotormlined the
polubllity of oxypen in llquid dren in oguiilbedum with iron sllicobo
gloge and found that Fol bohavod Ldeolly in FaO«810s elogs up do the
Lind% of eildlica soturablone In Bho Fob-8lGh: oyobom, o compound, foyoliba,
ozcurs ab Pho composltion ATa0.&i0s and thore exlobe o renge of imalpei«
vility ob tho high eildce ond of bhe dlapgeon s ghown dn Flouwo 4e
és@mp@md Lormablon 4o vouwelldy appgeelatod wibh negabive devictionn fecem
Paouldtn Low whorens 1iquid dmmieeibility io usuelly accempanded by
pa&‘:z?,‘i_z:i"}a doviations &b mighbbhorefore lave bnen azpoctad that somo
avidoncso of those doviabtions woewld have boen shown by She remulbs of
Toylow and Chipmang 4% ig probablo thet the expovinontal mobhod uped veg
nob escurato ancmg,h to ohow such dovlations, which wore loter detechbad Ly
Sokmlmarn ond Beedel{50), vho studlod the aquilibrivm of GO/G0y eoe
ndabnre-Fol-810; olage in ivon erucibileose Thoy found thad Fed ghowved o
plight posidive deviation up bo eboub 27 unola poveend of gillico afior
wirdich tho doviation weo negatdve up o silice gatupabion.e Activitiep
of 540y, cndoulated by bthe Gibbe-lnhen ogeblion aro chown dn Flguvo De
Sohuthmann and Inpie(30) oxpressed the verdatlon of 8500 at siiden

gaturablon with Semporature ngy
) oy '
Log ol = «"&gﬁ “  DHHD

Grer o bemperaturo gengo Lrem A2B0°C o 1400%0. % 1o ovidond Ghab Bho
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&, . . . e
welation of “Te0 in sillcn paturated eloge with tamporature in falrly
pindle  dchonel ond Wesnoy(29) obtained o sinilerly smoll vardatlon

which thoy exprovesad b,

214 ; ' -
tog Gl = %ﬂ e De2R

ovar tho bompovetire ronge 15207%0-1¥30°C.  Cokeon and Chipmon(3i) in en
oxperinondal study of the eqilibeiun of molden fven vith LYtk we
niztiwe uedng eilica crucibleon fomd thab he cxygon gaburaltion value of
mebbon :émemja&@“egilﬂ,ca patiretod Fol-piy mloge o 1600°C to bo ©.088%.
This (:t::r:ecaﬁp@nds $0 an agblvity of Fod of Q.80 cowporad with a walue of
0877 at the medbing point of Jwon which can be obbalned Ly exivaepolobing
the Lower boumporotiurae dabto of Sehuhwmonn and Bapio(80) and 0430 vitich can
b cnloulobad from tho equoltion glven by Schonek ond HWiemar(29).
When tho ellicon resctlon ccouvs in tho presonca of solld sllien,
ag vordd bo the cose in tha acld epancheorbh fovnage or In experinrents
goxrdad oub dn sllica cvuelbleg, the oxpression for bthe silicon equilibpiun
acngtant can bo reduced o the form
ket = [Pealfol
gimee PSI0, ®  Re ‘ |
Introdueing velght povcentnges instond of aoblvitlas the eguatlon bocones
N PRy
Tuo appronches hove hacm mmié %o tho gtudy of thie oqulilbriun, vizes
gagematal, reactions and glagemateld roogbionse Gogenotol cguilibede have

been gtndied by Zopffo and Slne(32) and CGoloon end Ghipmen(3l)s  Zapfio



%

and Sne(82) capvied ocut oxperimonts In which molton drvon conteinod in
pllica cvupiblos wop brought into gquilibwdum with Ha0/h gos mixtuvege
Eishough the onygon eoulent of thoe molton metal was debermined in only
o fow capes, they vere able %o rapord thad the produch [%&ﬁ}.{?”ﬁf 0oy
not acbupldly be e congtont ond that silicon my offoct the z'm'bzz,v:iw
copffiolent of exygon in lvons Yo cxploin this thay assumed that powd
of the pilicon exlets ap 10 ab bighor silloon levelss  Gokcen ond
Chipman(B) luveobigated dhe pamo gywben bt modified the techuliqo o
avold owpors dne to thowmeld diffesion and o tho poseibility of not ellowing
guffdelont tue to rench ogilibeiume  In thelr gpiuddes of tho reactiong,
patple) @ gegD, K = [lfof
20a(0) © 2w g Wl K o g%ﬁ;:m(%%@fﬁ'

thay plobted the oxygon conbent of tho metold agoinst Bho HO/h ratice
AfLor the goturabilon exygon velue dn the molt was reoched, dunsroosing
Hat)fly wotdo dld nob alber tho oxygon condondb ony fuvthovs  Gulicon ond
Chipman(9) found that the ygen pat wokion value of molbon dron undes

a sllicn solurabod Fod-0i0; glog 4o be 0.008% ab X6O0°C cnd the corresponds
siug oilicon conbont, socording te thole boobt astimato, we 000037200007
‘é:‘ha vadue of [%’3&]-[?@3‘ wae oluogt consbant over o LLcmé; range of coneens
sipation, tho ﬁmaﬁ xm:u:m ab L660°C boing 28 x 208,  The gronbosh
&w:iai;imm wore obgerved ot vory lov gliicon conbonte vhare tho piligon
aopdyelde de dnsccuvedo sod ab vory high silicon conconipations, whave tho
eovrospondingly low oxygen corbonte ero olso logs acourate. A plob of

9

bhale dnte o ohown dn Figure Se A combinabtlon of Thely romuills with
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At

the gogenatel squdliibriun date of Daptur end Chipmn(33) Indlestod thas
gllicon reduced tha soblvity coufficlont of osygen ag showm in Flgwg Ye
& oompovdpon of Flawrss 6 and ¥ Indlcoton o diptrepangy 1a thab the lowaring
of §, by eddicon, show in Flgure ¥, do wob An ageeement vith the clight
valging of the sotiviiy ceefficleont of pllicon by oxyrgon ol can bo
dadueed Leon the popiidon of the thwee Jowosd pilicon peinbds with respegh
#o the Line of Plguwe 6. In o lotor poper Gokeeon and Chipman(34) withdeew
Blgare ¥, besonpe of tho Lact thet cubsoquont werk of a sinller natupe
with Po«bl=0 gyobonm conld neb be veeonelded with the detn of Dosbur and
Ghipmon(88)e Qualitotdvely, howover, Ghipmon sbill belioved that £
sme poduced by plldcon and suggeatnd Ghob the coupdoney of thae produch
[ %ﬁ&}-[%af Andicabod o componeniing offoot of Ly and £ vithin the range
of @;Qﬂ% :i:w:a 15% silicons Foe the egudlibyinmg
fep(ovin) o 84 + 20

vhay gove the valio

A G w13, 804 » H0HVE

Tog K = &%3:;@% » TheClL

vhawe K == [7&].{7@]&

Savarad, ﬁqxr;rmméaﬁmm hogre vood wlag-notal dabo w0 ¢aloulaho the
gepdlibeiom congtond of tho elldeon peachdone  Tho enxliosh invepblpptbilong
wovo boged Japgoly on o pbudy of Aold Oponsheapdh dobe from vhicoh Horhy
and comyorkors(956) ohtafned 0021107 ab 16009 for the produck

(2081 [ 0T ang Sohongk and Bruggoman(96) chiained L7630 . 4n
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imporkent labovpbony Anvesblgpbion wae that of Koeber ond Oolpen{37)

vho modbed ivon under PeD-MnR-G10, mlogs in pllice cxmcibleon and obtained
%e30230°0 and 3.6x10F b A550°C and 1600%C renpoctively for the above
produate  Albhough thore wapg congldovable geatber in the romalin obbalned
Korbow ond Ocleen(37) obmerved vo obvious trend 4n bthe wiluo of tho
conghout with the compogiblon of the meteld ov the plags  An opblesd
pyroneber which wwe cheoked apgodnst o platimnrplotimm/MBhodivn thowmo-
weouplo wag used fov demperniure mogpuronente

“ Balty ond Ceafte(28) conducbed thely euperdnonts dun o wobabing
cruodbio furmpoe, wedng S1Q, Mels and Ngh eruedblone  Guwing o tho
arvgoping bendeney of tholy slogs in tho rolnbing cup, bthey were unable

o obbain slag samples.  Fron their metal aunlysio data, thaey plobtied

o povios of grophs volabing dhe gilleon and oxygon contonbs of tho nobod
fow tompovotures ponglng From ABHAY0 o 1650%0.  Dyplead plots eve ghoun
dn Piguwo 8 fyonm vhich ib con ho soon thabt dlffevent cpruelblosg had no
approcsioblo effach on the $3#0 egallibeiue Ib willl bo peen that dhe
velablonshlp bebugon gidicon and oxypen L represanted by two inborsocbing
cueveds  Who Anborpochtlon poind wes ouploinoed asg the polnd of equdlibiiun
botuems bhe Whwaoe phasos, soldd ellica,; Llouid silicebe and Jiquid fvon.
Howvavor, Daxkon{38) has polnted out thot the metogteble wbension of the
o solubllity cuweves owbond inbo bho homogenecus £leld {molten ivon)
vabhor then ouboide vhich o conbrony S0 the foodenentel principlos of

hobavegancous oqudlibries & fupthor dlgoreponcy &n MWty and Crofh! o(28)

vouelbs appeczeto be that they dndloate too lev oxygen combont in molien
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dron dn equdliibelum with silles voturoted Fel-Bilhelogs. Wmp Flgowo 8
ghoug o value of D% oxyzen ob L6ERYU as compared ulth G.008% obvalnod
by Goloon ond Chlpman(Si)s  Nevertholems, the dotn of Hilty ond Geafba(28)
gave ngefal dnformpblon on the silicon-oxygon oquilibedun and ere comporad
wlih Ghe rosulis of Revboe ond Ooloen(87) ond Cokeon and Chdpmon iu

Flepwg De

Bwene ond Sloman(30) hove aleo gvudled tha deoxddation of ivon by
eilicon in Alale cruciblos ab 1827%0, the fredsing polnd of dvone. Bisilo
ugofuld, ﬁ.xﬁ’@mnaﬁﬁ.;:om wag obadngd on tho pllicon=ogygon oguilitvivn ond thely
obgorvation dhob Doy 0037 plldeon, pure pilica woe no longer deozidation
proditat, the cosrosponding oxygon conbont helng 0.0%, Lo ab vorfance with
the rogulibs of Goleon and Chipmen(dl) ond Fischor and Vem Eade(24), bub
ogRaes B0 somo exbond with tho E‘Qﬁﬂil:};'&ﬁa of Biliy ond Grofbo(29).

Schonck and Wiosnee(29) hove redently debemainod Eiﬁi Lyom plagrmobal
aguidibriun oxperdngnbs aping 810 polurabed dvonepllicaio and Q-
manganope ellicato slngoe  Thoy oblodnod,

1og Kgy = log{fea]fo = - '*935 ¢ 5750 |
fwom which con bhe aal@u;m‘%i@el Eey © Le¥8 m 207 oand 84853070 ab 15000
and L600°0 wospoctivoly. Theso flguwos epply o cilles moburabed fwan
gdlicato wlogae  Behenck ond Wosner ajoo found thobt HPho oddition of
80+ peraont Ms0 woducod Kge ob 1540°C 4o aboub O 610" ag ghown in
Floogo 10e  Thig vayletion of Ké@i vhih slog eomposidion wae noh chsorvad
by Poli{6) vho famd da glage-nobal oxporinents using sidlce poturabod

FoOtin-8100 olagn ob 1550°C, thet tho wolotive proposblions of Ped ond
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MO did not effogh the siliconeoxypon ouilibrium ap wes alge Lound by
Korbor ond Qcloon(37)e The velue of By ot 1550° chtodned by Beli(16)
do o8 x 2070,

?!?im wives of &&i obtained by the sbove workdes ape comporad i
Tablo Re

‘ o
Gompozigon of Ko Voluone

Tompe Korbew and  Uilby and Ohdpmageondl  Sehonok nad  Bell(16)
“Go  Ooloen{d?) Crofte(23) Gokeen{3l) Wisonor(29)
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(0) HorinesieQ, Boudddimdun

Thon tho c::cmﬁ.??.ﬁ.?:ma*iwn batwaen melton dron ond lvon pongendgo
pllicabe glage 19 consddored Bhe modn venediong of Antorost sve tho
sdlicen roostlon (already conpldgrad dn "G%), the neoponess wrorcbion
and the mangonoscwpilicon veaoblons The oquabtiows for the lebter Hwo
voaoblons, aircy

My o+ ($e8) = (M0) « Fe

$ov which § Im PO 1,2 ) S
o [#m]e(# Fo0)

aud gl ¢ (E30u) = B e {Fﬁlﬁ'xﬂ)a

& thie roncblon io corvdad oub dn the prosomos of goldd ollles, tho

paudlibedon apngtant nay bo wedbban,

I o] u0)®
Tog B b ;
Motk {;rh\m]ﬁ

gor which Eerbow mﬁ Qulpon{8?) 'F‘am dog Kmm = :*M - LaVi7e  Thig
givon voluas of De6 2 A0 ond 8e6 W™ ay 15«@”&‘3 and 00070 :z’aspee’ui-mly.
i1 She prosonce of allieo, K ‘Mo diekers £yon Byme 08 ellice aifactn the
debivitios of FoO cond Mad %o Efowant degedoge  Kovbor ond Qulpen
Soumd el 18 My VOB eammﬁéi@mm hdgher with Shogo slapge then with
sdaple FoO«nd clogee  They aleo ohparved that K 'fgm_ yas dndomcudant
of Fod/im0 wablo buy deorensed with wlgo of Samperoturas

Alshough thove was o congldopable goatbor in thely rowilio, o
Iopge enongh manhor of expevinents wop caxplad ub o uebify wpresoing
the roletionship bholwoen bemporature ond the metn valvno of R it 40 the

Loxmy
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Lo mr'-;m 5 %&Q @ Sel¥D

whilch givoo & ‘5& vaduos of 196D ol Lle7 al L5500 pnd 16O pospoctivelye
Although Sohonel and Wosner(20) deberminad K &m £ov auiii%

soturebod ToO-Mnd-880y olagg, the actual ramericsd date ove neb glvon,

the rosulte hoving dnotend hoon oxprossod In Yorms of Y 150 The

dabber wop dordved from the oquation,

o d 'Z(E\ 3
B ® B s

Iﬁjgg% o 0lev bosn debormined by Bell{16) from the romilbs of
glagenotal ceporddeonto in pllice crucdbles ab 1550%.  Ldthough tho
manbopr of oxpovinenis, cevedod ouby, woe goolly tho peabbor of the rasulto
wae for lops thon thod obbainad by Kowbér and Ooleeon(S?) oo that o
gronter peapure of reliability may bo placed on his wosulbse The noon
vaduo of B ’z‘;-,m ot L5807 wap LS.8.  Tho paduced peabbor wy be abttrlinbed
bo the bobbor condpol of bompepabturas bhe longer bHae of the oaupewinendy
ond bho meve ¢apeful chemicol snadyels of tho notel and glog eanploe

Very 1itile worlk bas beon eowried out on glag-netel oquilibwdn
using Fal-dinli=816s glagp ot potuvabod with slllon. Such euperinontp
panh be conduebed i o pefragbory eéruelble, such as, Mg gr Alply and
thoge oxides insvltably onbor tho slogs maling dobevprobation of the
vesulbe oblodned less covbadne ¥he cardlest work in this dlvcotion
vos that of Erings and Schoolmpun{40) vho added varying emounbs of
alllon o slop nobal nolte cereviod oub in Mply; wr Med oruelbioge Move

ecourebo work vas corplod oub by Holl, Mared ond Gorder (15,26), who
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e

uged the voluss of K ';{is;z obitined to calpulote achiviblon of Mube Bhig
works vop only cowplod oub ob L6600,

Tho worl of Midty ond Crafbs(88) in this £lold dlswussed in tho
praviove gesbion wos vRoneoosefud im that Yhey vore weebla o obtadin
ppoilpfoctory sleg somploge  Thelw motal ennlysls data wepo used Ho
ghov grophleally tho relotion bobween pilloon, wiygon and mengonose in
the netal ob 1600°. Tholy cupvos shoum in Flgedd, show siniloy
Ainficxions o bthope ohbelned in the lnvesbilgabtlon of the S0 oguilibedun,
vhich agalin, ave thormodypanleally wneounde  %he Snflomlons, howovors

deapponr wibth higher monganese addibienge

- In the penctlon _
| oM e (%0) == (2M0) » 8

2818 4o consbont and cquel te untly fov melts made In eildecs erucibles.
A% bigh manganogse conboubs, Hho s;mgg i alront puwo tzangaxmz:se«:silzi@&m
enturabed wibh pilice in valeh Utha activity of Mu® will be opproximatoly
conabants  Thus tho oquillbriun consuant for tho abovo eeaction may I
rowedbbon s,

[P /%)

& plot of log 85 agodusd log My would bo enposted to pivo e 1ineay

e 2]
woletion with o glopa Of Gebe  Thip wap found by Xovbor and Ocloon(37)

R

th the vosulbe of HAlty ond Crofop(23) differ considerably as choum in

Pigelle
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B30

EXPERIMERTAL TEGITTEC G,

(o) Gholeg of Cwedlis Vabordol end the Woldng of Gruciblode
W}Wﬁ&ﬂﬁﬂ\ﬁwmﬁ W»}"wm mmmjww%smﬂaam ; wmwﬁ

I high womperatues slagenotol lawvosbigoblon, ono of the neok
A1eFianls problons confronbed is the golection of o gulboblo cruaible
mrbordale  Whis muet withotond high bemperaturos, possess geod
mochanical phrongbh and Bo chemleolly dnowd o hoth plog ond mabole
Chemleal Anovtness o bho woeh AELlonld to atbtoln since motal, couelblep
oonaey bo uged da tho prosence of molten dron ond all refpactorlos co
for noed opo abbacked in vopying dopross by gloge contalndng drvon onddo.
Ghoroeterdetic prepertdos of the inddvidunl oxides awoilablo hovo beon
povievad by Kieby(4L)e

0F the avallable oxlde matordels, el Alo@i Bed and 840y
appeayed 40 bo the uest pndtabloe 818; wos used 2oy ceporduonbe with
84k entupnbod glogsy ot for glepgs pot gotuvatod vwith iy, M0 we
chosony pingo the uee of Alpfy would lead o the formablon of plego
gakoratad with AlpQ nud Tho bobaviewr of Bal in slege is nob eleawdy
wnflopptonde Do allso bag covbodn hoonfil domic proporvione  Tho ugo
of M0 cruciblo lad Yo poiurablon with Mgh, mb the golubliity of Mg
din PeO<l=-0ly olago nob sabbpabod with S30s de logs dhon theb of
Lda @ {40) and 3% dp boldoved Shab MeD would bohove ap noubrel op woolly
boode oxddo dn such slngg, wherens Alg(y woudd probably fomn elumioaion
with Fed and My, theechy inberodneing an adddbionnd complicatlion inko
dha dnborprotetion of the slog-notold regulis. Nagnosia oruclbles vede
adao nore suldable plneo thope onpblod a dlrect coppordsen wilh provious

wortz{ 09 19,06,20,998) to be modoe



Mopoapie svucible howe bogn prepaved by Siving in an dnduction
fornane wound o grophite cora(48,43) ond hand romaing of o pasto 4n o
gotabing furnnoe, Hhw nodbten mebal fovning o oup epgalnet the iuelds wall
of the cwuceibiles thepehy vodielng glog obinch(ls,15,25)s  The foence
pronops gave winedbion whiloh did not vivhotond alag abviook. The
ladter mabhnd, akbhough offaring advanbages in coarioln copes, hag boon

fonnd vopeiiable whon wewldng with elag of low wiecoslbys such og
dron~tanepnone ellicede olage low dn gilice conbonbte  Abdonblon wap
theratore podd bo the doshnigue of olip-copbings  Althomgh 8303 can
o saplly elipeonsd usdng vater ag o uspending nodiwn magnosia dao
T 4bo gapo of hydration cenpot bo treabtod mes.  von wlhion uelng
wdrdod edochols magosels crveibles (racked during deying end 2lving.
Thovafowra obhyll alechol deied by tho Gelenoerd mothod wae ueed e o
sugponding moddune  Mobhnnuol and Bvhamd wore found equally sablsfocitory
whon proporly dedede  Tho cruedblos are prepawrod by pouedng tho sugpension
inbe a pleptor of Pords moudd, tho crugilble boing Lfovmod ly edgorplion
of tho stgponding Jiquid by the plastor, leaving & leyor of refvachory
on bhe plagbor guefacde

Propawatlon off plootoe moulds  Pluely groumd plaptor of Pepds
wag added praduedly Lo waboy and :l.vz;x};m bpolediy Ty bond wnBdd the ndutuvo
i of tha consigbonay of thick owenne  I% wag then puurad iudo oan
dron mndd wade fvon & gpldb tubde  Priopy U0 pouring of tho plogboye

guoponedon, dhe two bolves ©f tho epldd tabo wove gueorod with vageling



8%

and clogped bogothore  The heogs fovwer coveesponded in plas to the
ahornal dimensions of the gyuedble roquireds afbey allowing for dwinkage
auvdng deying ond fiving (epprome 16-20 povoent fn the case of Mg0)e %he
- fopmer wos gllghtly tapored o allow for easy removal of the dwusdblas

o bo wodge  Afber bhe ploghor had got, the formoy and fyon mould wore ‘
pangved and the plaghar nould ellowed Yo ody dey for 2«8 daye boforo UHte
Bovarsl noglde wore vsvally made at the one Lime b0 spoed vp cvunibia
prepavetione Flgwe 33 ghowe the clamped bwo hodvas of the mowld, vith
whe wase forner $n pogibion, ready 1o roeselve plaptor-guaponsicie

Flguve 183(a) chows the vertieal crogargeation of the plesber mondd alber

vouewing the former and the lron moulde

pinding of momogias Geinding fov 40 hours fn o mbbor lined bald
midl vping mognesibe bodle $:c3 about 289 mesh wap :f@amrz novoepery dn ordey
e obladn dense ond gompaoh ameiblos efber £lvinge The magnesle uped
contalnod ahout Qb 13&%‘* Ganh fﬁi@g? and wae ptored in on odr-tight Jor

afbay grinddug o aveld hydeatione

Crunille prepovetions  fvouud magnosie wag ndded bo df«;»:?,fafi alochol.
o glvo o vesy vigoous zm&m:hﬁw admest the conplebangy of btrenclaes  Thie
vk Loy dn au alee-bight Jaw wwmigm and ahlvred agadn 4n dhe norninge
Tho eldp vos poured iuko the plagber nould and allowed o romoin & = 1
mimubo b0 give o oyueiblo with a ’izh{i@z:: anough will, goncwally 2!% w ?2%' e
aftce vhich tho tlip wap poured offe  The meuld vap genbly rotebed by

hond drring eobbliog and pourdng.  The owucibles wore allowved o sdond
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80,

Loy ohoud 5 mlmbes dun the plopter nmoudd beforo somovale The Wnw of
phonding iudrenped with the numbor of cruqlbles made.  Mlbor weldng theos
ap fowe cruciblosy tho nould wis Lelh deying end other nouwldy were vteds
Mognopda ceveililos do nob cheluk cesily Lfrom the wlls of the plaster mouddn,
bub doeting the moukd ws?;f&h Fronch chall befowe each cruclblo wae eapb

madg ronovad fadvly engye  The erusiblos which PG very fragile adlow
pouERd, vore aliowed 4o alv-dey for nboub & doyes  The fipet bobch wag

fvad ah 1660 Lov 248 harge  Durdng #Rfidluonby with oM dlogey

&% was found thab the Ngh plekeup was G-0led povoonts B gooond babeh
Fivad et AFEDYS for 8 hoursy gave a p:lcalwug; of aboub 4 pereonts ond ad
o grecnish lrenolucent tinge dud do receyotaliiontdon. Orupiblos propared
by slipecosting folloved by Fiwing ob LYE070, proved euwbronoly soblplectony
mm%mm@mm Bthe otk of Ped ot 1600 for 6 howrs withoub foiluvo.
Lt poaned probable fvom thole appoarance thab thoy could have witheboed
abback fow maeh longer pevdodge  Blghd porgort of the azgpaj@*immz&za madsy
with the ahove erucdblop veve 1ost die bo cxuelbie falluroge Thego
foilures 314 ot oplglunbe feon slog otbooke I geomod weobnble aftoey
coroful owvianbion theb mimbe hedy ldne cprecks cauld have devalaped
durdng diving ov flving vhich eould m@i& ba debootod boforo the pting, abd
thot glng losked thyeugh these drockes  Very coweinld bandling duping
mokdngy deyiog in o dey otmosphere ond flving olislueboed the trouble
duedng Bhe meking of a thivd baboh of cyueiblogs

Tho orucibles made veve 2.8 dnchoy dn dangehy Qe ol Hp L S,

ot botbon 095 duey ond Xall 0ef ine



(b) Moborisl Heed fn Makbo.

Mgl chapgos  Dwnoo dron Tepo (6 = 0.0L potes M = 0:0LE pobe,
P ou Qa4 pobe, S " 0008 potey 8 = GuORO pate ) warn Lovged 40 o
m&i&ﬂm} &?,mmt_cfr and macldnad %o renove guribeo goploe  Plocco approxe
shwaboly Hed &1;?3,@;;33%11 wees dedliod :—Ln:&a the forn of cpuclblos o £3%
angdde tho mgnosda or ellice ocrucibiess Dellllog vag corrlod cubs
(a) o wouowo sogrogetes of Inolvslons which night ogeur nonw "
the nxda of whe bawy
(b) B0 onable the dondzad oneunb e olapg ©o bo placed dnside the
notal, thoroby ninlnleing slog-crucible ndtack daring nelbing,
b the boglnning of the oapevinonte This avolds opening tho
gyatem G0 Gthe atmosphere fopr slog addiblon
(o) b0 avold dumpe o the commebion tube consed Yy seabboving of

ordde powbiclag duelng addition of glag conebibuouboe

flop Conobdtnontge  Ihiueol vhibe ellics sand wog ground 4o

ahout 100 megh and repentodly bolloed fn HEL eald ond weehod with
digblided vabors  Uhon 10 wes acdd frog, 15 wne ignliéed to aboub
100070 fov poveral hoves bo peuove corbonndeoun maboriols  Hand

awanerad 4n this wy condodned noro than D065 poveent Silh.
Py ¥

Qurde

cxpdato to 1000°C 4n an dvon tubo in vacuun foy abunbh I bhourpy ond

Kron o Fovrpous osdde van propored by hestdng fowvoun

openching o wio while abill ovacunbtods Tho fepvous oxide obbaingd

wme opongy and black in appenzongs and contalined nore thon 08 poreond
Fowroup oudda, the ponodndng boing fovede onddo.
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Fig. 14, APPARATUS USED TO PREPARE MANGANOUS

OXIDE FROM MANGANOUS OXALATE.



KIEN

Man

coneps Oxddee  Mongonege exlde wan preptved Ly heating mangnnece

oxrlete dn crocked onmonle or hydvogen (after ovocuwobing) n an aluming
hoat op popforabtod giaol Wubey the touporature helng siody raieed b0
ahous 12509,  Aftor holding Pow 1.«:% houawgs ceoldng wan cerriod cub
dn bBho pame atmogphwraee  The mongonous ardde obtalnod wag beight pron
and gontadnod 99 poprcont Mnbs  The appodatus ueed o chows in Pigrs

3 ~

{¢) Fursege and Apponabug.

Ruingsgs Tvo furnscos vere uveed for the gloge=notal equilibnium
wieke A platiing wire wound roplebanes fwaneo vas uped for oxperde
snonds dn mogaesia owvaeibles, ond o polybdemun furmece fop theso carrled
c;u’a*; in gddice evuedllen, singe the Jobbor wore doo lovge B0 onbop the
wbe of the plablom furnnage

The platdmm furnace o chous dn Flgave 15, ond Ag of convonbilonnl
dosiene  The mmllibe combmsbion tubo, 1% dnche dntoronl Mamobee n 36
dnchos long, wes foporncable o gocos uvp o the worlilng benperatuzrde
Romperetures wore neameoed by o plabtiomes = 13 poreont pMﬁimamwhaﬁ;i%@
tharnesouple protected by on 18 dnches long alonlie pheoth whilch woo
Ansovtad through bhe bobbon bing, as shown in Vigwe 10 The HDe
gonaratod by the couple s neasured on o getsibive Tlnoley Verniey
Pobontlenotore  The thermocouple was standapdisedy welug the melibing
poinbe of gold (1063%) ond poiladium (1554°0) ond feoquonbly cheskad
agadngt o sbondard couplas The ocouracy of the colibrotlon wg

eontdemad durlng expovimenial suns whon the noliing of Ayago dyon
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agrood with the thewmosoiple reading withia & 8%. Tho dleotrienk
fuput o the L0¥nage was conbtvollad by means of 8 L6 amporo vering
ausobrang SO .

The melybderun uwivo vouldd furnico uweod Xe ghoun in Plgawe 10
Tho windliog wae protogbod fron oxddation by passing o dracked ommonie
gaoy aud tho ouder gheld of the fupnaoa, with Sho proopvion of the
glonds Shyough vbleh tho combugblon fube wag paloed o lowaredy wap
siokdods  %ho gglm:ldezs wara gorou-blghtenod ofter Ingovting an asbapten
wosher zound the tube Go geal the winding off Lrom bhe outelds ntuosphorae
The maldito furnaeo worklng tube was 86 dnchop long and 2 inches inside
dinnobopre

The fupus bo the furnace wep conbrollod by o 20 anpere vorise

ABOTRAREEONGY .

Copmaeredal nitvogml, as suppliod in cgylindera,
contedus o gwaldl porcontoge of oxypane  This wos womoved Ly paseing
the plivogen puccepplraly ovey coppel gouzey shocl wool and magnesium
tapndnge 01l bedug medntalnod ab 600°0 4u o howlzontoel ndelwene vouhd
fuvrngge  Tho ndbrogen wap £lwlly deded by pesadng theough sulphurla
aodd and magnesiun perchlovata bofore pagslog 40 Hho exporinantal

FOrunEae

An Apmeo-izon orvoibie (8060 gng.) wu

Bsnage (ool

wolphod and the veguired anound of glog of the desired composition addeds

&6 was found afbes brdol that fox tho waghosia crueibles wupod in thaso
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oxporinensg, 10 ghwe of elag wp ongugh %o givo a plag layes choub
5«4 wae deep which wep sablplactosy Loy samplings  Tho erueiblo and
plog vore plaend Jupide the magnesio oruciblo vhioh wep in tuen ploced
inglde o thin willed alonine cruelble, ond fntvoduged into the eold
fugnace, dn the centre of the "hob cono®s  The cubor mluminn ceueibic
gowvad o purhoseny
(a) Tho magnesie orueibile u\m.d bend Yo fope with tho mllibte farnoce
tbo at tho reacblon tompevaturo 1T they come lubo conteob, bthovoby
reglblng dan loss of tho mildliso tabss Alwnlna doss nob wesct Sn thig
foehion wish mdlibo ond con be usad gafely in contosh with mognesin,
pinco tho ondy cemponnd Likely S0 bo formed; opinel, s of vewy high
medbdng poinbe
(b) In the caso of cwucible fodlura, tho alunine crucible might hold
m;} opeaplng slogy thareby providing an sdditlonnd protaebion fop the
fuvnnee twboy shools and thesmocouple shonbhe

i trogon wop passed theough bhe fMwinneo fow cbout 5 nlmboes
hofora hoating commencad, and dhis obmogphore wao mednbodned whwonghoud
the axpocinenbe  The melbing point of ivon wee poachad in ahoub 7 hovwe,
and the deslred working tcmporoture of L5509 So L6600 wao wenchad
in o feebhor 20«80 nlmtos rospactivelye fAdeowrding to previous workers
on glageneta) omidibede (0,15,10,29,92,87,40) o bine of 80 mimbep -
1 houy 1g qpibo sufflclont Go roogh equilibeivg bobtweon molten~izon
ond Fel-Mn0-0480; plogs. This is dn opeeonent with tho prasent sopulbp,

vhere voryiue the expevimental wing fron 20 ninobas bo 2 houvrs did nob
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mbordally effoct bho wooulto obtalued, as shown in Tablo Be

BALLE Be

§2agt. of 2ino on Bauililyiun,

PEREEY

R, Remporaturo Pine B
a 26000 0 Iwe 20 1dne 2400
EB " @ h&-"? ab ff‘ﬁ&fi? 37@
W “ 0O bire 45 mitr Bel
44 " 0wy 46 niny 346
8 " L lwee 5D min, DeBB
i 155070 0 Ly 40 niiny 4912
as " L T 80 ming 4080
a5 * L hwe 40 min, 4455
25 *' L lwe 45 mlng 4o

The diroctlon of approooch bo cquidlibeiunm also did not offect the
FomLioe |

AShew holding the glop end noteld for tho requizrad 'Ei:ls.uca? glag and
nobed sonplos wvove doliens,  Slog pomplos wove obtodnoed by ingerting on
Agmeoeivon wod inbo the molbon é:lm@;ﬁ which chilled dapbontonoouply sound
tho bawrg cawe vep boken o evodd the catyy of bho rod Into the nolbon
matade Motod ung sawplod by o medifdoation of the nethed of Taylor(13),

.



e

6 gillee tubo boing wsed insboad of a niliso fube ead ooppor bloclke
o metal vos euckod dnbo the gillea tube whore 4% seliddelod olmogh
Junediotalyes  dho tubo was quonchod in cold wbor on withdeaud fron |
the fuEacos

Pinally, o kooun amounb of o pilicon-manganese deozddisor whg
addod bo tho molbton motol rominings and o fupther mobal pomple drawn
witlidn -2 minvbone  Whon tha nobald chorge wes mufiicient, & second
doaosxddiced cowple we dvown 5-0 ndmbos ofter adding the decsidincre
*he vomporatiwe wag madntedned conslont diwing sorplige

Roslgtonco of the cruciblos 0 olag end mobal abboclh Lo doplebed

in Flgueo 17, wihieh chows tho erucibla afbor mnelblngs

Bxpopdmonte dn @itleo Gmcilions Those vore corrled onb in the

Sat

modybdomm vonnd fuwvnceas  The allice cxuoiblos wore mads Seon silien
Bubing Leb dne owbernnd dlonobor end 025 Ine wildl dhilclugps, o which
a flat ond wvas fupad veling sdlden ghoob of the womo Whicknesse Ao
eedor o avold excogsive abtoel on the cvueiblos dording esporiunonta,
the slogs addod contoined 30=40 poroont 818z WL pueh ndditdons 4%
ws poogible o carry ouh wupovinents succospfully ob 16007 Zow ab
lonph ong and a holf houece
The eildce crueibles wore placed inglde e thin wlled praphite

ornodbleo (wall thicknops & e )e & holao wos dediled in the hobbon of
e geapbito ovneiblo dsbe whileh wog plaged o wing bype aii,um:im‘ ploave
90 protect tho alumine bhormoecoupde shoobthy op shown in Fhgedle %he

pllice cvteibles wove lovger 4n ddemotor thon the mapnesie crueiblo
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and could talke Jopger chovges of nobal (80100 gase) and slag (20 gna)e
Slag ond moﬁz W grapldng and desxddation pmml.m were tho oone

ag doperibad hoforoe

Dabsenduabion of Mol Zonge  Tho het gone of each formnce vip

dotopnined by dnserbing two gtandnedised thermooouples plmiliancongly
intio the furmoso tubo, Oug OF G the op and tho obhor Leon balow
through o thormocouple shepthe  %he top Them az,emmmlca wap susponded
Srom the ovm of o calilwetod vortleol scolo ginnde  Tho owm ecdld move
up ond down on Dhe ecede and dthe digtence thyough wideh She Sherngeouple
wes waloed or lowered wop wocordede  Yhe losablon of the unifom wange
of the hob gono was ladideted wvhen bobh couples agread in bonporaiima

weadinge

(4) Lysdyade of iep ond Mabode

iﬁ 2 e i

R

redne  Blag sanplos wero finody ground and feosd feom
ontropped ivon with o mpnobe  Purdog this opovablon, 45 was Pound
that A€ the mgm‘s was hodd cloge o *‘:ﬁ:‘m powdens & portlon, ouounbing
%3@5 obouh LE=0 pm‘*@mﬁ% of the total glog wolghd could be widlly abtirae
sotod and sepavabods The bendonoy woo more pasleod wAsh plogs low in
éﬁi@a in vhich the propovtion of magnetlbe dg Eﬂ.ggmxé. Thie fyaoticn
e goporobed befove vandyslo in runs coprlod cub ob 1L75% and 44 Lo
probablae that a :"1‘4,{,7'1» ik R; ;w@amy in the yelibs obtoined b thip

vormoroture Lo due o this fadbe
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Tha eloge were anolypad fop toknd deon, feodeous oxdday mongancue
oxlday rgnesia ond glldcae  Totol ixon wes dovormlued by rodusbion
vlih S0lila, followsd by biteablon wlbh sbandapd Kadmy polubion,
uadng sodiva-diphonyloning miphorate os indleators  Fovpous oudde
wag dobovmined by dasolving o gomple of slag dn BER eoeld di an dnged
abmoaphore of Gpy onoling dn bhe pone atmosphare end bibrolivg gopldly
agadngd Falomy colubione TForrdo oxlde teo obtodned by dlElovaniie

Moagonage oxdde dn the glog wap doborminod by esolutdon in
dlbubo H: wolng a foir deops of HF aodd o old goludilon. The golublon
wag meldiged by sodium blewwihods, Gtlheadad with Terrovs sumondus
gulphota and book tdbvotod with K, golubione

$ilice was dobormined by tho BeSeLe mothod(4d  In dhig mobhod,
tho glag paplo we decompagod by IBL aoldy oxddiead by BHOy, ond the
slidoa dohydeated by faming with HOL8.. Tho eidden procipiitate wog
dpndbod and trantod with P ond Fadle

Pogneola wvas deborained by diosolvilog the sleg sanple in WL
aold, oxidislng with Bl and thon fwoobing Whe golublon vith bromino
followed hy neabwolipablon by Cablee The golubion wag £Llbered and
whimabad hob with WOH o the preponse of aloohol and nibrohonmonds

welng thyaelptleleln ap an indleabore

e Motal gonplop were snolyzed £on HANIONGNSs

pilicon and OxyEeNe
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Unnmonenae  An absorphionetels mothed(45) was used for the
dotowmdnablon of mangonogce  Tho ppnganoso was oxidised by peviodate
o pormenganls aeld ond tho 1dghd obsorpblon of the coluired golusion
wos compered with thob of the gome nolublon afbor deceleurdsivg with
gedium ultwito, weing o mopeuwy wapour lomp, an Lifovrd ag;;cm‘&mm

yallovegeoon £Altor Up.605 and heod £ilbor calovox HeH03e

Sldicons  The sdldcon conbont of the iron wes too low o bo
agbinatod Ly #ho gy aw”ma vela ong Lmys am procodiure and an abgorptionetyic
m@‘bmﬂ(%) wan upeds  Alvhough 0405 » 2.0% pilloon con he oobimntod
poblefoabordly by the Gentyy and Shoreiugbon{4?) absorpblonstele
mavhed, 10 wos found necopgexy to noddfy the methed Go q:mmim Lepre™
sdunodblo vesulin ab vory lov silicon consontwalilons, feey lops dhon
abo ub Qe05% pilicons  The {gan@ml prlnciple of both tho crdginnl and
tho medifled mothod 45 the somas  The only essenbinl diffovence 4o
the Liml pedusbion of silleoaolyhdnte Yo molybdemm bluo vhich i
coerded out by tho gtonnous ¢hlordde dn the origined mebthiod for the
bigher ailicon vange umi by Fevrous edphate dn the pmmmw of cunlie
acld dn tho lowor rangce zm pecuvagy of 20.002 25 Lo wa “boen olained Lo
silicon conbonts up o 6.‘3.@.‘3./

D1 {16) found that i€ veogenis, ospoclelly potassiin pormengonnbe
polution, wore kopd Lo gloge bobblos for pgono bimo, the blonk sbendily
Incpeosod vith $ime, vherens o nov selutlon wenldd give a roproducible

blonke Xn the progont worls, wongenbs, ouch ags MmO, solution,



Ammontun Molybdote godundon and Foprous emioninn sulpbabe selubiong,
wore oll kept An wox bobbloge By taking thda precoubtion no Mficnlby
wap exporlonsod dn obtalnlng wosulte veprodneible within $0.0007% A3l

opbimabions weve mada dn dupidente and in poze cosos in teiplicobve

Sygons The oxygon seﬁzﬁanﬁ of the dron vop deteviined hy
oo Masion Mothod®s  Zhe apperoiing uped woe slndlar 0 thab voed
by Maad{an) and 1a dllugbeatod dn Flguws 19 Thoe wight of metnd,
paspdon vwarlod feom 0«8 guge G0 L8 guge dopondlug on the probable
aygen conbanbe | Tho souples wore eloaned and on oxleld glis made o
romove ony dnoluplong which wmay havo gogrogobed elong bhe axig of tho
gpecinats  Fivo S0 glx gamples wowe thon dntroduced dnbo the side
opm 0" of tho appevetus oud the rotery purp owliched one  This lotazed
vhe prossure in the gypbom to 0.0L sme Hge & fouy stope Hg~ddiffunlon
prop top thon used to redupe the progpupe in the tpenslusent ailios
tubo pide of the sypbem to lose than 0™ mme Hge  Tho high froguency
cupront wos bhen suwiichod on and tho grephite eyueible dogossed Low
sboud ¢ hours ab 200090 awing vhich time the progauve in the furnnco
tube dnareessd to aboud 1@% wie Hge  Tho furnage bomporatiye wog then
adfuatad to LOIDN whon the presmwe oneo novo Foll bolow 10™ mae M
thon progsuwe condiddons vare choady, o gon blank fop the appovotug
over o porled of 2020 nimbos vap withdvaim velng o "loopler puwp®.
Tho ges sample wag analyged foe 00" i4n o "Glelgh annlyoonfs  The
potel gomplos wove thon decpped and gag eompdep widhdeawn and onalyoed

in tho pomne PGCYe
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Tho appevetus vas chaultod ab inborvals agadnet sbondspd sanplog
puppliad by the Matiomd Phydical, Ioboratory and the Bedtlsh Yvon and
Seopl Repoowch Agecoldebtions Repulia wero alunys reprodueiblo vithin

20000L7F omypina
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Sluaty-thrao oxperimontal ruus wore esvriad ouby of wilch
Lifvy-one yare guccagsivl, the romainder belng lost due 4o oruelhle
folluwro and bo forpage fadluvee  Slog ond mebal enolysas of puecospful
wang ore snmmarised in Pable Upeds Hlag anslysls hove beon oxprossed
both as walghb porcontoge and mole~fracbtlonne Mosh of tha rung were
coprled oub of 1600° Go obbain tho offeeh of Louperatures A gl
mabor of melie wero cappled ont ab LBEO%G and LHVHYC to debteeming
Kpe ond thyee runs wove carprded oub dn ellicn cxueibles ab 156076 in
opdor 6o gob o direud compardgon with E}a:uﬁlﬁ} of Kx&% wvalues ab thig

Somporaturs undor elllico patupatod plagte



1
E
oo .
mw..mw mmmo o
ageg oge oST* oo
oec ore 5 cee®
.m \..ra * m..'.]' ) m@? mmm.
T A IT. & e & g* jg%ex
T | sE £TT* Zgee E45E° §7eL gran
MLN = . m.mm- Blze a62 L€ mam.@. geya
ﬂ. % 34 N YA s e 2 . it 24
aez | oo  arne ncow o5 ots T T B resn cen
oo | @ DO 5T goge | T s ges ST ooz sE o
Teo TEL ot T 94 | T4 8% S¥EE 9 S o  1I* g e3¢ Al
e | o7 5 g A Lo & 0%%¢ T8 a2 [ 434 ¢ 3
, zZaee i @ e 028 A A A ger o A eom 2 A% ~ ™0 TLLe
M.n,qm.u.hWO mwm. n\n..\nwn'. m., am,i’»mw pqum %4 .mmw d..m.w L .mmm" M@m 3 Qﬂwﬁ”. mmm&
' OETe ooce =3 [ A oG rol ke [Rheat e L e
S i Sl ﬁ‘ m.ﬂw nm”m — -m!«”m. Ex] e lwu\w o n@-ﬂ R e E ?m.:\rﬂ
. FO J;)sf.%.. o ,.m s rher ,@' Q.'\f. s m,%ﬁ«: ﬂmw“wm‘ u\ 3 . .

T | S oh sezr  Zen 5 eoc oo ot o
g | e e gee S IR | e o -
g%¢ | & 3*  £5 e e LY _u Ge . 7%48 TG . Te £ s Py

goos | seoe 235 R g% GU oo g0 2

= 5% &3 ez FELER ses o oo | m S zoTe £y &
G e a2 G ! e - bt by o7 GO e
Cos | omoe o2 o = P 9o o et o | <
zree 973004 ity i ‘.-._m. e qes . o g%l e QOT Mr@. %
LI . S A 73 g% | g > o TR gz | oo . AET 3 gz

Tes - @ il e ord, 5%% o% ¢ b ETRD e 3 .
£ © ﬂwnmi 5 @ %m. e hm‘;. & gy W.m\m fm.uumwuvmnt) ‘ EF g m.ﬁ...w?‘ .m,«!i

P cTL” A0 Ze 8T o s SR eoirn TR 057 TAT® s L
mes s 255° &aT S oz e oS = SRR - &t ot

A Lt coa*” gt op A <3 vy aen & %2 2 e bt o e 5%

o e enn oL e T 2 8% S%ES reg ) TR0 :

532 0 S05° T TIT 8% 05 ez A% GOT

e | g ¥ O Oy ok 5es 3 v peeT g% o, FLFre . 000
G o 2xt T L 8%y Vit 8%% © i iy ey 1 ﬁhﬁﬂ
. N.lm. m%* Lo Ad - 7 ces mmu‘.m«q’ LJM.\NW W‘t.u. = .WwMW 28 ;
. Aot o . ks Nmﬁmw 5 RF u,.u!‘!i.mm Senz = CHw mﬂﬁﬁ. x.sr_u...ﬁ b
ce go 7L 70 7o Sk 0s,  Tesiy PR
N i o%z e Py L A ery 8 g0 & : T
. g | 2% sg se coTs 2 5 e ote | o
em > g G 8% gegn g et oI i
e . S ] eo L5 2 cin =
- o T 0% SR E A H%A A =7
CETe - % .._mumm 2 bty : S5 pal _,,...m
- 3 - ’ i - -~ Vi P el
T - - o fey S ee s O e
I Ryl Hne E57 aeg Feee Sor &
Ao - 3 ~e VOOTLETO i Gh 3302 &
ot nﬁ. - ¥ e o, bt E2 - & gt
. .,.WMWNQ ...«ru‘.,h.w . v T T F 1@ fava ¥
- - Semme e °©n T To : Larssad g
IO, EASES G ge = OTOTOTRD . o .
o= s -~ ~ . T ey Sale S —n C.L& mww
& o . fint el .-ﬁ. e - atr.\m s >
.!{..a.nw. .{P.xﬂm, B ‘\ﬂ. 7‘7 e Y N
20t | g* = e o £ 08 Of e g
aeo o e o%7s s e gy 1Sael g
= LN a2l - Lo L3 ¥ e TaG >
o e - L Yoy e L i IS R .
' 7o AT W &' SE S
’ 2 o sear e - GPE 5089
R - T ey e s sl
o o - Cps
o o o OaT” o=
g " =i L
&, s - - 26T £
n.ﬂuﬂs& p(f.n.w.@» S At
. Ten ek il
Ci- - iR - F LG o
! T T = o ;
- ummmmxw. W TR0 T L
Aty ﬁ.Mw - e l.M, ey
txx.na‘oum“hm - fh.\%&
. -
Teay T Zi ] @
ok Tyhdﬂ-)\wMM i aing




448 €30° SO0  GWB® 4%, 8% LF° @°G8  I'6Z 9't  6°g% | 3% SI* 960 | TY,
86°C E0° SO0t 48Rt GA0%, 2% 0% TR e°Td %% $UMe | % VIt emt | g%,
48, 630 SO0 €2 g4 0% g€t 8B &% 3% TR | W AT st @
€€, 80° 820°  OT%  S4% 6% B0 €91 o4 9% g%84 | 9% TEI* 0 L T

o 6
it o

66°C . 60° IC0C G2 o4t IUE §3% 62T 9'0% 9%  TCAL | E gpTC 0wt | OF
*SOTATONID Lo *LOTLFDPT “OTS Cf|  'SSTIS (I=0DE D.G4ST.
; .‘
eF%eT . = £88° 488 @t = 9%I8 G%88  9°G  *@'E  °c':m | meot &t fer | ag
SPET | <=  ZS%  GES® 9EE°) - TWC 608 09T 'Em 0N | TS0t St 8| 2
FReRT | = @B QTR TOTY, -~ F°SF G%E  DUST g 'Yl | ome Bt gEe | 42
88T | = §98% It Z9TN| -~ SO0 TURC  A%CT I @@ | ZEst @ 9t | o8
ge%eT . = - TEY @t ZEY| - S08 £%E PSR U SY | oo et ot | og
05T = S8 oERt BEEt| o~ 50T 0%ME 208 G G | €% ot o0 | IS
e ~  gE% gOTe R = zese @Y Oem | e05% oot oot | og

FWE g
EATX T
.

e e N e o N i e o e i i ey 2 "
SOTOROD YT 50T CEiiefUleD0i PORnamTES-BOTTES §,000T

AOT | B RS® SS9 ZOIY | O%GT U3 RIE LT T 8%E | v S ot &
9% | gEE  S9Ft MR TEDt 6% SWE PUS 2%T 6T BWT | WOt B | .
a%c | gome oSSR 4Bt R0 | O%T R RS 9%9Z €% 0% | oomt oEot ot | o2
g% | 08 882 STt oSt o3 TR S%EE §%E gt g%8E (oot st @t &2

<
L&
¢

S50 | G8E% g2t 43R0 SRzt A% o%22 2%e gUss G%T  G%E | W0t et o | o€

&
e

4 ¥ @t % 2% 0%T PWME AR 0% C°®  g%R | 0% Wt gt | &

ol 3 ) vl B R owac i . 7% G £ Es ro " “wﬂa,, Py iy i o s %

% | gZR% 202" TIZT 34| 2°E ¥R 9% oUW 9% ool | @ot TErt ot | o2

L | I SETY EIEY OB GCET 8%8E B%m . 9% g%  A%IZ (€250t STEY PIt 2
s . . + r

i fes? : " m o Y T
£ ™ AT E: n..tusm.w e Ty LT ey D Tl e vy, . wRimne
e o5l SOEs S ORES| CaE SRS gWn oRd FSE i = & VO )
B i W ) i e R e e Napo S : - T e .% . o, g - g e s = e e v ) e -~ -
CROTeRLT TS IEEES " SR Ll BUBATCEIY EVES o CEEAETEOY TS0
: : , eh e Nl et I35 : & %1
2 AN = . L T e

Ciou00) T TS

o=

s




£3°9T
66°ST
86T

2T
2T
A
aces

g

760
28T
£6T*

75
gale
ot

it
ey

EMW nmw.w

S g

T IR
o 0N 8
£
b

Goe

Z’-’féaj.!.

o\
U EEg e
*3 ¢

.®
W

<

- 3 e
b 3 BAFEIw g on T
;! nMwMHmeuM\Ur .(mu..hr

6%
s
g'cE

s Ik

R e

T 850

gne

oIq G AR

I Tz

4

ey, r
B 2
o7 CITLTATTIOYTRY CTEEY
A SroATeoy Tey

[

=

g

1

Y U

oy
}

©




GHABRER B

BOUELIORIA WIRH MEEAL OXTDN SLAGS = MO SILIOR ADDTRIONS,




4ibe

BOUTLIRRIA U qlmmwss of 020 and D619 :mfapoutlww. The labbor fipurae e b

(5) Bolubiiiiy 08 Wb obtained b ‘y QG&WL(%) ah 15507,

.,.13‘)' VIS ZNIISIINE add Mv.&_lg il SLLW

Buons 4% wore corpicd ous In moguesio oruciblos of waxy dow
gidlea conbond at 1600°0, wivthout ony addibion t,}.s: M ox 8ibe Tho
£ined olllen conbonh of the slugs vas loge iﬂm E)o 08 poratab and

Juang 614 woro carrlod oub olbhow ‘ffy adding M0 o the slag

T O s Wl i i v (e  onstss ot smmpriinsiy w
Tung H=l4 yoro carrled cut olbhoy by addlng MaD o the glog

gonpbituonds or mongenogo o tha motal go thal the mapngencpo equilibriunm
gould bo approoghad fyom bobh derochionse The nole fractlons of Mgd
and M varled up bo 0.180 ond Q.338 respactively. Agguning thob

rhthdn thege Limitp FeQ; Med and Mnd form an Ldeal solubtlon, the mean
sodubllity of oxygen dn iron ob 1600 under o pura ﬁwon oxido clog,
as indlooted in Tabile Hoeb, 4o 022 povr cond « This wlue is in

roogonablo sgrecmont wlth bhew caleulated fyom the eouations
. .
tog 49 = wm ¢ Be7B4

givon by Chipmon ob ol(32,18,23), vine, 0e23% at 1600°C,

Samidar dota obbodnad ab L6767 ond 166070 aro ghotm dn Table
Hoe6 and yiold wmoan velves Lor the onygen. 8o Iubiliblop ab those tompore
saburon of 0620 and 0.19 @j@&}g:@amv@ly.. The latbor gipure is tho soge

ag that obtolned hy Boli(l6) ab 1550,
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CADLE Ba

Pomporatura lﬁﬂ@"@o

| Q7 mole ;i;‘mc.ﬁ.i.on) 0 Solubllity

= ”(“2 a*e@ Tizo) ; o g

- I iaﬁ —

1| 0,189 0.852 = 0e147 0e222 o
g | 0,193 | 0.852 e De14¥ 0e2R6 -
3 0,105 | 0,863 = 0,130 04226 -
& 0.202 | 0.90F 00604 0e 224, -
5 0u¥ 0,89 0,060 0,039 06205 2480
6 Gal73 | 0.830 0.0V 0,002 0e207 249
7 0ull8 0791 0u076 04126 0e226 Bed
B 0,165 | 0u702  0.123  0.075 o2 3437
9 0.172 | 0680 Qul4 0115 0225 el
10 0J40 | 0678 0,120 0,308 0a218 3a12
1L | 0.6 | 0W7L0 0.208 007D 0.223 306 |
12 | 0,147 1 0705 D420 04053 D200 3033 !
13 | 04343 | 000 0.246 0,069 04210 3.0
1 | 0443 | 0,500  0esnz 074 0,236 Beld |
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The forcgoing flgeros for oxygen solubilities oo aleo in good agroge
went with bhe rosulbs of Chipman b al(12,13,20), and Darkon and
t?mw(#%a) it ore considerably lower thon bhe values given by Howby
and Gadnes(8) and Kowber and Oclsen{9)e  Tho pregent resulbs axe
compareod with these of Chipmon in Fige20. Ovor tho vonge from 15500
o 1600°C, the welebionship betweon oxygan solubility and ‘i;empa:i:'a’&m'a‘
18 appeosiumbely lineare

6 will bo noted in o congildaration of the oxygen solubilitiecs givon
in Teble 5y thot the veluss obtalned using Fad-MD-p0 glogs aro alightly
dowsr than thope given by Fel-Mgd slogse The dlsoreponcy way avige
from o slight lowering of the natlvily of fad in the proponge of Mul os
hog beon siepgosbed by Turkdogan end Peavson(49) and Darxlen{50) who stabod
this may bo duc o the fopmablon of Lowrdivose &b dsy however, within
the expacted experimontal opror and no fivm concluglon can ba deawmn on

whisg podnte

(44) By, vndew oxida slogss

Values of Ky, obtolned with sdmple oxide glags are shown in Tables
5 ond 6o  The mesn values for 1600°C, 1575°C and 1950%C are 32, 3e0
and 4023 pogpoctivelys Those waluep are compored with bhose of othew

workars in Toble Te
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0*23

0%21
0*19
— GL)vex et aC(|(er(d)
0*17 + BUIQtjat 15501.
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TEMPERATURE *

Fifi.20« ©ffect OF Température On The
Solubiutv Of Ox/6en In Liquid Iron.
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Gompaxl.eon of Valuos of K.

A AT A T T

e

Kewher | Chilpuan | Tepldopon ; Woingo Sohenels]
Zgupe | Thic | Bolld and Goro and | and i oend ‘Sehma ALY
“Co | Howlse (.‘&6) Doloen | Widklow | Poarpon. | Schackmonp | Blowg
. e k90, L fR0) ) (o) L £39) (17)
. . . . E - . .
560 | Led 96 Refd. e Laidi} * Sedn0ef Bad
570 [ B9 w = 3edlR e - Deb
1600 | Be2 - He0 el 3e3 o ' Hefd
ol “ Crvnmmsomsismdscm e

The lover values obbolined by Edreber and Oolson{9) and Krings end
Schogtmonnf{l?) end tho higher oxygen solubilibiles wh:?.ch vhey also obbainad
suggest that the Lemperabures neasuved wore oo lowe &6 iz alpo probable
thot the bime allowed Lov the weactions o veoch equilibrivm wao insulficlond.
It should olgo ha noted in he cage of Evinge and Scheolmann(l9) +that sono
8 thelr slep a@:npasig?em e@*”mspond o the solid otabe ob the working
Lenperatiee of 1550°C - 1860%C.  Voluop of log Ky, obbtoined from the
progont axperinents are plobbed againgh % in Dignre 21, wvhich olgo ghowp
tha Lina glven by Chipoang Goyeo anpd 1@:@1111:1@?(2@)3 and vhe Line da'i;ermﬁ,ﬁcad
ptatiobleally from the lavher's dotn by Turkdogon and Penwson(22)e  Tho
progent resulis are mwmmd? a:m tub sgroe bobtor with the line gitven ly
Torkdogan and Peareon(R2)e The wange of teuporaturo in the progend wopl
le fupufficlent bo declde vheothey the cowrect slopo is the thooreblcnlly

calawietad one nged by Chipman, Gero and mmw {20) or the gtatistically

dotermined ono of Tuvkdogen and Peowaon(s 5«3).
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Adbhough tha poinb acsmmizmndmgv'&c 1575%0 is shown in Fige2l,
It hag not boen Galen inbo accound in vepresenbilng the relatiomshlp
betesn log Ky, ond bomperature due %o the doubb mentlonad aorlier
as %o Lhe true analysls of the slage 06 dis probable that the devietion
of thig point from the llne droawm g mwinly due to this cause. Tha

dog Ky, ~ bamperature wolebionshlp ean be oxpressed by the equatlon

, 7269 )
Log I%:‘ﬁl i wém o De3H8

The corregponding Ivee enorgy ohangoe 1o,
A G2 w2 oB3270 4 154367
Gongidering the haad of fuglon of M0 as 30,700 calge as aseopted by
'Ghi.pman, Gopo and Winklep(20) and whilch agress well with the date of
Sohendls, Selmahl and Biews(l7), the free energy change Sor Mall( ) %2
i) du  AGS = ~10,700 ¢ BeRR {20).
Rallng the Erag enorgy changes of :z:ﬂ:f{?ﬁ(e ) *® %Qg( g) = 15'%(3(@)',
AGY = <86,830 + 1L.002(20) and Mafe) v lipy AGS = =0.152(20), and
egguning Bhat Mp dn dllube golution in wolben dron ohaya Hooey's Lawy
thon the frea energy chonge for the resctiong )
@(e) & %Qg(a) & ?’Mﬂ(m) 4s Lound tw he
A (0w 100,680 « 284350(calds)
which ig o reagonable value vhen compoaraed with those glven by othow
workors, as given holous

(1) mg@)@ ey (é) e m:zzlﬂ(g); AG° = w9B,400 o 19.627 cols. (51)

(43) M"?’(e)*"‘é%g) R m«.}(ﬂ)g, AG? = 07,000 + 2Le4% caloe  (20)
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(234) BLLoot of M0 on K.

Trom Table §; 1% may bo nobed that the magnepie plek-up in the
glag voried fvom Mg = Q0087 Lo 0.108. Although dwpuritles nay heve
o notlegoble offegt on slog activitigsy tho role of megnopis, within thoe
above limlbe, in Fol-Mnd slegs, appours 40 be thay of a dllucnbe IHenego,
the lowor wemilbs of Kivber and Ooluoou(®) comnot bo atbwimted $o
highar magnoslo, os muggesbed by Turlkdogen end Pearson(22), bub moroe

probably bo an erroy in tomperaivipe neosurenonty es mentlonod boforce
(i) Yenpanese-Oxraen, Raudlibclun dn fiquld Tron
uidor it a'@mm ts,

Plge22 @litwy the mangancus-oxygen relavionchip nt L6000 and

1850%e  %he polnb ob De187% mangensse for 15509 hap hoeen tokon 90w
tha work of Bell{l6)s Thomo curven reprosont the equilibeis ba‘i:.waam
mangonese and csygen u Jiqld ivon uader Liquid FeO-lnd clogse shovo
approximately Ved7% and Q.:&B% nenganesy disgolvad dn Liquid ivon ob
AGODYG ond ABE0VG voppectivalyy bthe equilibriom will Im babuson &
1icquid lronemanganeuoroxygen ﬂlmy and solld oxide slogss Trom tho
oxysen solubilisty valuws glvon in Tgble 5, 4t way be deduced thnb th
goncanvyation of mengancnay o8 meb with in thoge oy 3@?@1:313@11#&3, doas nob
affoct bthe aoblvity coofiicient of omxygen in Lignid irvone Thip

contizmg the Linding of Chipmon(27), that ﬁxél Y= o0 ot 15 e
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y h, < ! &
(3) K under gilico-ontueatod wlomse

M

The ropulis of oxpovimonts, cspricd out in 810y crucibles a¥
G . + 7] . . oy /. )
15509G ond 260076, aye ghown in Yable 8.  Voluven of Ky obbadoed from

The eguabions

Ky = @ﬁ‘:ﬁ —
(€100 i)

ara alse sghown in Pable Be

Tho memn values of R 06 1650°0 ond 160090 ave 15605 anj
1343 voppoobdvelys The mout ombouwsive dnvostdgetdon of K Igy da silica
setiwatod olege Lo thet of Rorbor and Ooluon(d¥)e Tholy oxpevimontold
pooulbe showed conslderable soabbor (ogey fvon O 4o 20 approxlwately)
bub meon veduos of 1568 ond 37 ot 1550 ond 6N respeetivaly con
bo ealeulated frow the ewation glven Wy Udvher aud Oolpon(sV) o
asprags the reladdonship betueen K 'm and bompernturey Vigey

aog Ry o LR e gass

In o mathod slriler to thot upad dn the pmmaztza‘éa drwentloation,
Boli{16) ohtalnnd a wlue of L5 for & /g@g ey 1550%.  The pregont
vodne ob 15509 ip v oncellend agpoonent wibh the rosulin of bodh
Kévhor and Ocleon{3?) ond Dodi(ls) ob this tamporaturge Regondly
Schonals and UWesnep(29) have also caprdoed oab debownluntions for
K lzg;gg. Ho mwmerdcal dote are glven b veluep of K 'm varying £
10-29 ware obtalued ab 1500%,

The waino of B %\% o 1600%C obloined in She present wosk 4o

zothor highor thon thob given by Kérber and Oelsen(d7)s wlvse neen

Ea)
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voduo appears to lleo oubpide tho linlts of crpovimontol ovreor of the

‘ 11.7 at 1600%C
progent worlte  Tholr volue would covrespond to choubjand 1% is agedn
probobla that ob higher beuperatures wmEors vors introducod inte Sholp
bomperatire neastronents leading vo low roeadingse It ie also poseible
thot some of ohof® plagp wero nod saturebod with silien wvhich agpin vould
rosult An low values of Zi’g:;m.

Alshough tha benparetvre range of the progent work e only 509,
tho seabbor of tha Individwel polubs ab A550°C an& 160070 s galficlently
gmall bo Jusbtlfy the esloulation of a relotion botuasn E’g‘m and the
bamperatureg ond is shown in Mgure R8s  Thip moy be reprosented by tho
aqunbilons

L

/ B B30 v
Tog K'ya = S22 w 3.670.
i
This leods o o value fox btho fzou energy of the equatilone
[Fﬁﬂ] 3% @ (@‘@Q)é%.'“l@s pobratod = Pe(e) « (ﬁmg)m@g abatod

A @‘:@ w4080 o TelAP
If thie 19 combined with the frge oncegy chonge fop Whie reaction
under sduple oxide plags and the epgusption do made thot the Lrea onorgy
of Lommotion of sdlleco gatwoboed lvon-gllicabo fvom foprous oxido and
pllice 40 vary moll, o wiue of ~H820 cnlovicos gon be deducad Lor tho
£roo ongegy of formabtion of pilign saburobod mangonose~pilionbte fyon

manganous oxtdo (Miguid) ond pilice ab 1600, As this composition 4o

ns the oo onergy of fovmation of rhodonibe fyom wangeness oxido (Liquid)
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and gillene & slighd cowrection will be necopsoxry as the ectlvity of
pillea wlll bo slightly logs thon uniéy. Roy(52) hoe eoloulatod o
wduo of abous 0.6 from vhe MaOe9ily phose dlagrom ond cllouing Sor hip
tho freo enorgy of fovmablon of rhodontto hosonos approginaboly « 6000 enlge
Richordocn, Jeffen ond Withera(d) bave colonisbad o volue of -40,000
caleovios fvom coplior wogulis on bha nongoneso weaction ub pointed cub
thot this volne was apprexinntoly 5000 colse more nogative vhon thod
uhich might wepponabily Lo expeoted from She rooulis of mlc:mmﬁﬁzﬁm
dobormloations of tho fyree onepgy of fovmatlon of colid rhodonite fyom
the soldd oxides whon appropxisbe allovonce is mado Por tho effvebe of
chongon of ohatde

Racanb work of Sokenck end Wiesnor(29) on eilicn enturabod
FoO-in0-810y syaben twluge oub o diffecant ellicn selubilidy velue than
what hos been givan Wy Bowen and Schaiver(R8)e Mgure 4 shows tho poeh
of tha Fal-pify; diagren given by Dowon ond Sohadees(28) olong wlvh tho
now godubilidy Llina glven by Sehoncl and Wosnew(20)s  From thoiw
publicotion, wfortunately, no aotual enelybicnld dainabe awnidlobleo T
Pipuwa & of thely anblcle shows oo wach o ¥ poveant seoabber in tholw
pilica golukdlity woluas. Tho pregont luvesbigeblon ot 15509 and
16009 48 In Labbor ageoomont with thot of Bowen and Sehadror(28)e
S8i1lige solublility veluo obiningd in the prosend work ob 1850°C ele
fonfiymg She £indings of Belifl6)s As rogavds MaO-8i0; pldo of tho
Hogeon, Schonek and Woesnarts (29) dato vhon compared with Muwved' e(48)
gugpoeats thot ohe formewt o gzué.m analyses org Lowe L1 thoge dato epo

L

sunnardsed in Flowwa 24,
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(41) Acbivity of Fal in 84lico saturobed FeO-MoO-S30: Slape.

Apsuming that the gilicon concontratien meb with ln cuporiments
with silice goturated Fol-MpD-830s; sloges doss nob affoct Lo thon »
[2g] = [#0]
Tha octiviby of Fel moy thon be ecloulatad froms

Dpad ™ , ﬂ:%@] ’
Sntuzation [0]

vadues of Ppon eolouwlated dn this monner fyom resulbe obbalned ot 16009
exe ghoun in Toble NoeBe  Voluen of y Fad = %@ have eiso boon eoloulabed
and dndigate o slicht negabtive devinbion feom fi?zgif::my. ¥he acbivisy

of ¥l in gilica saburabtod Fal=930; siags hoe beon dobormined by Golgen
and Ghipmen(3d) ab 1600°%Cy Flecher and Vom Bede(l4) ob 150076, and
Bolpmenn oad Bnolo(80) ob the neliing point of irons the valuss obboined
badng @'.55*3, @.&-&3. ond D877 mepagatiwm Thege correspond o ¥ pap =
De08y 0a00 onnd 081 wospootlvelys Tho moon volie £0r Y pen oF D94
ebbtained in the prosent work fov ologs vhich elso conteln Mod owe plightly
higher thon all the ohove valucse Dell{i6) using o sinilor experinental
progadure b0 thot of the present worlk obladned Ypgp = 0667 ol LG50

for gilico gntwrobod Fol-Mad~810; sluogp.e  Llbhough the above vaviations
I~ mep Bre vithin the linit of wparimental ervor, 1% should be poinbed
oub thobt bhe silicon conbend of the mebal wag glightly highee in ho
progent work then the work with Fad-810; ologs and the ossumptlon thod
allicon doos nob affoet the acbividy of owygoen moy not ba complaboly

Juebifiods This will he roforred 40 in dotell ladere Tho ropulbe
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Inddeato thab D mﬂ Litble affooh on b/ Fe0 in silice poturated
FoQ=10-838 plagde o |

The pragent findlnge oxe dllusbrated In Flmwo 25, fyon uhlch o
volue of Opgn = 048 may he devived for tho sliice saturabed PeD«Si0y
glog ob 1600,  Rocens work by Schenck ond Wicener(20) hns oleo ylelded
vadues of OFe0 in sillce sotvrated FeO-Mnd~8i0s sloge al 1540%. Uhen
BRed we plottod cgadnet Npao, bhe expopdimentol pom{m Indicated o
‘nonelincar relotionship, ng ds ghown In Flgure 25  The present rogulbs
4o 2oy those of Bell(16) ot 1580°C agree woll with bho iniilol peny
of tho cuxve of Schondle and Wesnor(20)s  Whereas the powt of thelr
curve heyond oboub Npgp = 035 canned bo conflimod or rejected hy btho
pragent rosulis, the shopa of the cuyve oppeors pawprleing ond agpdn ‘

sugganhs that thelr saturobtion lindd for epilien is somevhad crroncougs

(431) Aeblvity of MaQ in silien sntuvabed Pe-MaD-Si0: Hlosde
L9 monganoge behoven fdenlly in Pe«Mn alloys containing emall

amcunbs of sdlicon and oxygon, the monganosa vesetlon conegband io given

Lys |
p K = w (U@*ﬁxﬁi)
(Cra0)] ]

Honoe, M0 = By i‘”'zfaa)[?im}. The volue of Kygps Obtnined from axperiments
wlitvh pure oxlde alags ob mmé)@e: Ao 3e2e  Values of 8nD bhave boon
opdeulabod volng thie flgure fov Wy, and the walues of agyn obladned

In the provioug seobion and ave shoun dn Toblo 8y oclong with the corrogw

sponding aobivily coefficlenbp. Thope ave consildorably lese thon thopo

-~

of Fol ond eonfirn the groabter sbabilidy of mangonese eilicotos, in
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ogracent with the relabive cabionsciygon bond stvongbhs of Foo ond
Ma*¥e  ¥he meaun wolve of Y M 18 0023 which mey bo compored with 0s20
obtadned by Beli{is) at 15509,  If the e:ésmhzz,;?.ﬂ:asy Oof oxygan in nolbon
dwony 0b 1600%C s tokon ag 0.225 pepeent instend of the highor valua
oetually obinined by Koeber and Qalpon(9), values 2or Y yan of 0022 and
Qa0 b 3.60&)"(} and L6500 vospectively con b coleulatod from the resilbe
of tho lobtore This valua for L600°C ds in good apraoment with thab
obindupd in the present worlts  Tho combined resuylby indicote theb )y qo
dnereoses vith rising temporabture op night be expootad oincg golutlons

usvelly tond towrds ideality ag the bamporaturg wisode

(2v) g4ticon Bonwidibwdun wnder ellicn entupobed Fed=Mn0-Si0, Slnmoe

The oquilibrium congtant for the ranchion
(810:2) gpagy, #==2 8+ 2Q

i8 given by

In ezporimense in gllicn cvueilleg tho oabiviiyy of 810y may be token ap
wnibye. &b is move convenlent to express bhe rclotlonship In tawmg of

welght peroontoges wather thon acbivitless The above expyession thon

begomaeas ‘
" v ¢
K gy z:%aﬁanwma
i/ g1 wlll only womain consbant if the cetiviltiep of pliicon ond oxygoen

agueld. thelr welght pevcentogesy o condlbdon fop which would be thot silleon



B3e

and  oxygen had no mtued lntevaabion, or 3£ the mtwel affeclts of sllicon
ond oxygen on cach other ave such as 0 compensate and prodige an apporend
congboney over the range of compopitions lunvestlgotads The twrue cquilibriun

gonsbant lg of couvge glvon hys

o

Ky = Zage[fodJotg® [70)®

The waiucs of K /fi.? obtadned in bhe prosend work ave ghowmn in Toble O
The egrooment between the Individunl values is falvly good excepb ln the cose
of Noe.38e A bhe oxygen detormineblon for this melly does not glve hilgh
values £ur Ppag ond ¥rgos &b wondd appear that tho slllcon wolue obboined
moy be highe 1‘?./;% galucsobinlngd in the preosend work are compared with thoge
of othor workers in Toble Ue  In prapordng the tahle ii/& voluos obtatnad by
the obher workers ob 155070 end 26507 hwwe algo hoen includeds  The values
obteinad by Schanch{53) and Schenok and Bruggemenn(36) ab 1600°C eve spprecichly
dover and migh be ablributed to the Ilwitotlong in the oxperimental techaidues
availoble ob thot times  The wesulie of Kirber and Ooleon(8?) compors well
with othey werkers ab 155070 bud boecomes progressively higher ab L6BO% and
1650°G, pospibly bacouse of fonliy temperature yendings ab higher tenmperaiiross
In eplbo of a thermedynenicolly unsound dnberpwetatlon of the 83-0 welablonship
ot lov sllicon concantyabion, the volus obbained by Hilty and Crafbe{28) for
K g ob 1600°% 4o in excellend ogroemont with those obtained in bhe prosent

and
wolef by CGolcoon and Chipman(3L)e
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(29) , ¢
Sohanok and Wieonor gove wvnlues for K g which ore eppreclably
higher thon thope of obher workers ab 1580°C ond alse much higher thon
thoge obibained by Hilty and Grofen(23), Golwen and Chipmon(8l) ond in the
prepend vorl ob 1600%.  Tho value ob 1656070 appeors Ho agree woll widbh
thot of Gokoan end Chipmon at A650°0 althongh 1t is elightly highor thon
tho corrosponding volue obboined by Hilby and Crof£bu(23)e  Howover, Schenek
and Wlesnor(29) roported o £all in K ’32_ with dnerange o M0 conbont of GHha
glag as shoum in Figawe 10  Although Korbor ond Ocloon{37) nsed o noon
vodue of thoir resulbs which showed conaldovable sdabbon, &ﬂh@n&t ol
Wiepner clodmed thet the pegulis of the formor worlers wvere dn suppord of
thiz variobion of % (ﬂi with poreont Mud og con bo geon from o compard.gon
of Sohonoll and Wioenow! s mean Line wibth tho experimentod polnts of Korber
aﬁcl Qaleon(8Y) shown m oo 10,(lower figra)s I should be nobed thab
ot high M0 contonts the valnes obtained by Kivher and Qelsen show o
shentficont increspe, waloh wos nob obsorved by Schenck end Uiasnor(20)e
fn even grenber loviowing of X lé“;sﬂ.. with Ml conbtent wap obsorved by Schenel
and Wlaphey, whon aboub 2074 blp0y was added to the glogoe an ghown in
Flopwo 10e The offosd of 0ol additions wop lesg movkade  Hehoncl ond
Winener vere uaable 50 give oy conoluelve explanotion of sthe wwrdation in
19 /m bhut suggosbed 40 myy be due to elther the use of concentwabions of
sllicon ond oxygen instend of nobivitlen, the pospibiliby of equiilbriun
hodng with o high molbing poiab sllieebe rabher thon with solid gillen,

chonges eeeuredng In the gbeeld after sampling or on ennlyvlcal orrer

volntad o the varying solubility of 8i0; povticlos of different plzoo
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An B3804, the golvend uged in beesldug down the somplose  Tholy findings
wild bhe digcupged loddr in councsblon wlth the rosulbs obtadnod in tho
prasent Anvosblppidons Ao con ba goen from Figure 26 which ghown tho
rolotlonshly bebtwoon the sillcon and omygen contont of fvon in eqnilibrivm
vith solldd silica ob 16000, mongonoge conbenbs up to 034 pevoens
{corpesponding o Mol conbenbs of the plag up 50 89 porcond) do mob
appear Yo affcot this owilibrivioe

L5 should ba polnted oub that deviations from the meon waluo of
K '5;;;, Jio to awalytleald ovrors noy bo dxpoabod W bo oppreciable. Thue

: oxygen

an, orpor 4n tho silicon doherminnbion of 30.0R7 nnd du Ghe pdetorninmtion
0f $00M% voulkd conbine o give o volue of B ’gg_, varying £romn ZeH %0 3ef
dne to the vavy low consonivaiidons of silicon ond oxygon vhioh wvers nod
in tho ptudy of this cquilibeliie ‘

Pho Iﬂ?iz}l&l‘i}%@'s‘mlﬂ}p bobugon the fanganege end siliccn contionby of
molbten fron dn eqguilibeluan with solid aillen at 460090 s shovn In
Flguvo 87e  Ldthough the mange of conconbvobions of mongmeee ond pilicon
4o moweow and the wmbar of points is suoll, 1Y oppeaws of volue o compayo
those ragulis visth those of obhor workers on the mongansae-silicen
relobionships  The polnbs conform rensonnbly well with the mean line of
Rérhor and Colsen(87) for L6009 Wub devinse conoldavably feon that of
Ea:f.:izy and Cpafbal(28), especially at lov silicon concentrotlone The
roslle of Beli{l6) ol L550°C algo confiym the work of Kdvhor ond Golsen{37)

pothor than thob of Hilty ond Croftn(23)e
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Etgﬁjiiﬁ.mi?gg OF S1AGS NOT g&&ﬁfﬂ D UITH 533:.;330& I’:’XTH__HQLTI%E‘I :gl}.@ﬂ!
(1) Osygon Bonilibeiune

Resvdbs obtalned on gilico-froa ond glldca~gabuvelbed Fed=2nod
glags in oquilibeivn with nolien iron rveprosant bwo exbremcp in the
ptudy of amperimento wlth PFol-Mu0-810; slogs. Uide vavdosiong in K {m
and octdvily valuag oceur bobtvaen thege two axtronsg end &b was propoped
to make gradued pdlice addibions to FeO-Mnd slags up Ho silica gobureblon
to £ind how § /Mzta and the actividtics of Fed end MY) varied wish gilica
contianbe The raesulbs of molip carried oub Zor this purpose cva pregonbad
in Tabla 0. Although 4% wonld have beon desivable to coxey oub oxpope
vimante vp b0 sdlice gabukation in bhe molb, the pick uwp of mopgneelo,

()

from the crucliblos upeds wosa prograsslvely with incveasing elillcs
addibiongy consecuontly silicn addivlons wore rostrictod 40 0632 molens
Wighar ac’l&ﬂ:’@fl,@nﬂ of slllca would have led o mepgnesie conbonbs s0 high
ag Lo make inbterpratation of the resulds obbnined difficult op uncertaiie
Byen dn tho oxperimente which vere actually corrlod oul, sppreciablo
amounds of ragnoslie were picked uwp and the pysbon Gun no longor b
weopbed o o slmple tornanye Yo maintoin conforiiity with previoup
vorkors and also for convenicnce Mnd and Mgl have been taken togobhor

as bosle oxides and glog compopitions plottad es belonging W the paooudos

Sernary aysben FoO~(Mn0yHz0) -840



TEPIRATIRS = 1600%.

|
|
W 15 o83 o271 <oCUL {8263 TeS = 7Ge7 204 302 569 | 967 U6 036 LIG 3.1 o756 1.13
i

i 26 006 137 JOG5 54e6 Vo2 028 2565 4el TeS | D80 <242 046 JI24 o2 o8l 1.03
17 A5 J268 AQ§ 859 7e5 742 12,8 5B BeO «GB6 12 «O62 133 3.8 75 1.09
18 o039 J152 JOOL5 5768 442 62l 232 Tl 7T [ S5 213 JO78 27 402 57 1.17
18 08 169 GOGL |55.1 4e2 608 2063 7e3 Tel | o565 8241 S8 137 duG 75 1.33
20 «08 JJ21 JO2 [SBeS G463 G347 20,8 7.8 TeB | «53% 2195 JOB7 L1728 175 3 o 53
21 «099 110 OB [4G«d 309 B 3140 1del  Fu8 | 48 279 XD W155 G2 #533 1.2
22 oIG WJJO5 JOB 30,7 362 42e6 37eF 1343 GO | 0390 o357 147 O 5e 83 o437 1.19
23 o113 U9 JOOL (3Bl 346 42.1 20,9 15,0 136l | o377 267 155 201 Ge3 48 1.3
24 o135 134 JOR234.9 345 3868 32,3 15,0 13.8 | .338 o285 <156 4215 Ge2 « 506 1.5
25 | 12 JI0G 0223167 246 3%eG 3848 178 138/ W30 31 #3185 L20% T2 &7 1.57

26 L #0823 J11 JOR 335 263 368 koS 2062 I3.3 | «31 211 o205 L2786 Be2 « 58 .81
27 o083 J100 JO03 [3363 25 368 B5.7 204 18,0 832 22 W21 W26 Fe7 o426 1.44
28 o320 T8 OB |2405 146 25:9 302 23,0 127 | 4226 o357 23 «198 G99 o347 1.5
29 72 o123 OI25/32e5 300  36e0 2LeD 226d 2000 | 30 2380 223 30 843 46 1.82
38 o472 JU58 002 1240 243 2G5 321 23k 17406 | 218 277 4238 4266 S5 26 12

31 | «22 JUB1 SO (3482 148 1842 33e¢ Va3 2249 131 274 265 4330 Dul 227 1.73
32 o13 UG U148 |10e3. 26  16el 3162 32,2 10,0 o134 4263 o321 202 107 205 1.52,




The czygen conbents of mollon ivon in oquildlediun with various
Fat=(MiayMs0) ~330; slogs al 1600°0 ave shown in PipetBe  The oxygon
conbonts of molbon Iron in oquilibelwn with oxido clogs ond ellica
poturatad glogr, disouppod corlior, ave elsoe incdudede  Oxygon
solnblllbiss for PaO~8il: bingwy slags have boon soloiolted from abeas
spolatiod IO activiblos besod on the work of Seldwenn and Enslo(30).
éci;;'é.vii;:i,aﬁ of Fol in these slage have hoon calouleted by dividing the
oxygon cobent of the metal ln equilibwium wivh thege olege by the
oxyeen gatuvation volve ob L600%. “his aseues thab the silicon ond
mangonege consonbrablons azzcawzisamd in these ouperinents do not affect
the nebivity of oxygens Those Me0 values bove boon given in Tabla 10,
and oxe plotted againgb composltion dn Flg.29, which alse indicabeg
the approximate posliions of P lgo-ackivily linoe fow alpgs in the
poaudo~ternayy oypbon Fol-(in0,Mp0)-8i0¢  The activity values oblained
in cxperinents 16 and 19 (9‘!3'(3@ = Q.75 and 04546 rogpactively) oppoor %0
bo in epvor and heve heon dgoored in debovmindng the positieons of tha
dpo-anbivity lindoe  Valvog of Ba00 obtednod by Beli(l6) at 15500

€

for plage dn thie gysbam are adeo shoun in iﬁ‘}lg.zaﬁ‘ L6 wild bo sean
bhat the iso-sctivity Linag deawm 16 both sobs of daba equally wall end
% would apposr that temperature, ot lenpb within the somevhod norrow
vange of thoge btwo Invesbigations, hos no appraeciable effoot on the
acblvity of Fobe  Schuhmonn and Engio(90) bove also found thab within
the ronge 1280°C « 1400°C, Speg dAd nob vary with temperaturae in binoxy

FeD~E510: glogse
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Ghe

£t g gleaw from Fige29, thab D does nob hehave ideally in
Pa0=(Mm0,Mg0)-510 eloges bub shows slight positdve doviabion fron
Idesldty vhich ronches, & wexdmm elong Hhe Fef-2(M0,Mu0)e8i0; joine

S oven move mavked deviatlon elovg the cowregpondlng joln jn the

Ta0n(Gal M) 910y sysbon was obsorved by Yaylor and Chipman(ls).

L6 shoodd be noted hab bevause of the dLLfialty of obbaining wrosulbs
wlth slogs contodning novae thon Q.32 nolos of sillen, Aifficuliby io
axperienced in Sxing procleely the positlon off maxinug doviablon bud
&% heg beon sesumed that bthe mawlmum weuld follow the Fed-orthosilicata
join in wicw of remulby fgbﬁgﬁm&d in slnllor work earrisd oub by Toylowr
and Chipren(l3), on Fe~{Cag) M) 810, winge ﬁhmm'in ¥i2e80

‘25110 vardoetion In the eablviiy of IO along the joln FoDe2(MD.120)e
510y with compositlon has boan plobied in §9g.3ls The poinbe, which
were {.:ﬂ;im;%.nad fron the Fol dpo-activily diogreomn, foll on o falyly
prooth curva, which suggesbs that.enomget thenselves the dete uped are
ool contadictorye It can bo saen thel the deviatlon fyom ideality
plong the join 48 nob geente & pimllor plob is ghown o the some
Plguve of the veriobion of Ppad agelnst composition along the
Folte2{Cal,MgD)8ily Join caleulated from the wesulbs of Taylor and
Chipman(19) proviously given in Miged0s Tho moch gresbtor deviabion
fron Ldenllby in this gysbon is imnodlabely evidente

Tho posltive devietion in the Fob-CaO-Fall systen ip so preab
og %0 coupe soparation inko two liguids and the vawdiation of “¥ed

along the FeD-30o0ePa0s jodn dus to thipy, and caloulsted from the Fed
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deomacbivity curves for this sysbon glven by Carbor(54) s shom in
Figedle  The verletion in Y p.g olong the 3@@%(&&:@,@4@).3&% aad
Pe0-2(Ca0,la0)8i0% Joins is chown in Mg d2. L% bos boen suggesbed(Hs)
that tho linitlng valuo of Y peo ob Npao = © do veloted o the fron
enexgy change for the roactions

ToO + MGG > 2FedeSily « MO,
where MO i modnly Maé@ but conbadndng SO Mg, wvhich is given by

BE In Xﬁaﬁgmﬂﬁﬁo }

The ffge ongrgy change so derived i le54 Koalse Zhis sbrioldy wvefers
to & mized sanganege-zagnesiun orthosldicate, although in the slags
obbtalnad, the netal oxide obhor than ol e prodeminontly Mo in

mooh oot

(114) PesOs_Gontonb of tha Slode

In preporing the iso-actlvity dlagrom for FeO showm in Filg.80,
the Fel conmbent of the glog wop obtained by calonlating el from the
tobed Lvon content of the slags Ap the anelyses weporited in Toble 4
showy all the plags contalned on epprociloble concentvatlon of Fexlye
Tho omound of Paply decreased as the plilos conbonb of the slag increapedy
ap oan ba geen from Figedde  This trend hne aleo been ohserved Ly Bowagn
and Sehodrer(28), Darkon and Gurry(2a) ond Chipman and Febbers(l2),

For siniler tempevotures the Pex(y cenbents obzerved hy Darken and

Gurey(90) were plightly lower thon thope obiained by Chipman ond Pobbers,
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pmbébly hoseuse bhe lavter's experivents ware carvled oub in magnesie
erueiblop, which rolped '&heuﬁ‘a;:;c‘@ conbant In the glage (It is possible
Hhet MoD playe 2 pindlay »ele G0 mognosis bt thelr indlvidval gffeobs
eannot be goparatads  In suppord of this 4t moy be uwied thal Deriien
and Guepy hasva Indleated Shab MO gtabiilisen Poellade  The hove activily
values ave thevefoie only valld 1L 4% is undevrsbood thot tho standawd
ghoto for Fel i dvon-onide ab the approprials tenperaiurse and conbelning

pmall percontages of Fenbye

(av)  Monganopo Bgrlliimioe

g / L] " 2 A, "
Vodues of Ky obtolned fwom adl $he eperinents cozried oud
bave boon ploblod 4n Flgedd, ap o funebion of the alldon conbond of thyp

2

okoge  Volues of iy, dn the cheenco of siilon ond ab pllico gnduration
bowe Boon galon Sron She ramilie of cupurimonts cawvldod cub In negnosin
craedbios (10 slldco additlons) and eliice cmodhlen wompochivelye Tho
cupve drown Indlentes o gradinl dnoreaso K ’g;gn whth dnereoping silica
gonbont up o plilon gobwation.  Albthough btho sosmlbe oo complicotod
by the foob thot o fowwbh congdblimont, vhces M0 hoe boon dntwodusod indo
tho glog Svom tho cxtieibidos the dnewcegy n R 'f;gﬁ with pilleo conbound
may vonpomniily bo ablerilnbod b0 She dlfforont offostn of sllice en the
aahlvition of Mo ond Foe B 'm In edlice ootwsabtod slops ip giver Wy

/ “""f'
(Fer60)] A0 (i

A

m&%] |

q
e
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ine the moleemlor velghto of M0 and FPol ope aldmoot Jdonbdeod,

/
B =

{%01) '.af o0
Cron)[ A%l ¥ Mo

‘A%

whira Ky 48 the valdne obladned 'ff}i%;&sf‘az paro auldo alngos ‘m AGO0T Hogn
and ?E;’zgm hosva boon fonnd 4o bo 3642 ond 1848 pompocitivalye  Tho woon
solue of Y He dn efllen eatiwoded mloge wo found %6 bo 0.90 . Fongo,
o vedue of Ge28 con be derived for the aeblvidy coufficlond of MD Iu
elilen paduratod Fod-inD-010y logte

&6 do of Iunporbonce 4o congddar vhothor the shopo ond posidion
OF '*iaé oupva photm dn Flgedd, hove beon offogbed ty the pragsenco of
mognopdo 4R ha cloge  Very 14%tle aperiponbold worl oo bean dona on
the freo ongrgy of fowpadlon of mopgnusge pnd mogoopdvn ellicolione ki
Lo woawlbe oblodnod by FMachon ond Richaedaon(s6) dndleono thod
mogneedun eilicobs molbo ova of alnost tho pome wboblldty oo nongERAse
odidonbo molbos  The addition of magposio to Fol<nd«8i0; nelln would
nob thovofora ho apsabod o duerenpe opprocinlly tho actilvity of Ml
Tho activity of Fed An those molbs 4o elroady oppromdmatoly aquol bo Ao
olo Preookion ond showld romdn alnogt umgfootods  The true polotlons
suhdn bobwoen I ’m ond ho plilen combont of tho plog In tho abponco
c;.ﬁ' VD might be oxpoebed 4o Lo glightldy highor hon the corve drowm

ond moy wb vary plpalfloontly £ron 4% wibthin the 1dmdse of oupordnontod
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6%,

gmeone Indivaot suppord for this conelusion woy bo derived fyvom o
eompordeon of K Ma Volues obtodned by Exings and Soboolmonn(40) dn
agxperinonts earriod ocub in aluﬁntm oruciblos ot 15509 w:li:h thosa obialnad
by Boli{36) in mognosio crucibiles ab the some Lea%m«ambw:a. Tha fopmer:
wora ouly very slighbtly lover bhan thope obteined by Delle e the offecd,
A% any, of olumlan odditlons would bo expacbed to be thoe opposlte of thoad

of vopgnesie addlilons, lecey 0 ralse K (Mm then the X '}m curve in bho

abpence ga:;‘: Alp® would be expacted o ho gomeubab lower than that aghund] 5
obtafnede &b would appeot, bhovefono, theb unlegs the rogulbs of aibhay
Redogs ::a.ﬁd :ﬁﬁi’éﬁﬂiﬁﬁm’%c&ﬂ}g ov Dadd(16) arg graotly in epror, the effechs
of bubh MgD ond Als(y additilons ora fonlle

u 4% hed been ammmed thet Fod behavad Adenily in the slags obboined
in this dnvostigablong then the vawisbion of B /Mn with silien nddition could
ha mw*i.m! tad entirely bo bhe offent of silica Iun lowering the acbiviby

of Mole  In this case ¥ M) e E*“m .« hg ¥ Fod is not unlty o correabion

T" 11 1%,
for thig can be mde by plotbing i K &:@m " WM..&&%LW egedush ellden

4 . (“ "D H. {ﬂ:m]
ponbend whon ¥ Mod b any glven silicon condeont ig glven. bys

»

This hoe beon done An Flgsd5 dn vhich the silice concenbvabion i cprosmed
ap nole feaobione Although thees i a plight amound of peatier in the
expovimeniol polnds, deviebion from btho mean ling droun shous no obvioug

twond wilbh slog eomposition end 4t mey be asmwmed thad dhe valuo of

ey

O a0, [%3] is indepondent of the FeQ/Mal retlo for any given pilica
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70

concontrnbions The acbivity coefficleont of Mad moy bhervefore bo coneldered
o bo dependent only on tho sillen conbtont of the sleg ab n given bemporaturoe
Apsumdng thet magnosie acbs os o diluond in Ped=(Mn0,MgD)-810 dlogs, tho
values ofY M0 po obtainod moy ha regerdad an boing app:!.ics;xmé o blonzy
MaD=si0; elogoe  Theso veluse of ¥ Mud have heon used to calowlobo S0
in the binary MaO-310; gystome Valuos of M) go obbnined are plokted
agalnst Ngig, dn Eé’ﬁ.g.éﬁ, and copored with thoge obinined by Deli(ls) ot
1550,  In vhe wonge in vidleoh the slags ave porbly molben ab 1600°%C the
activily wiluee apply b0 supor cocled liqudd slopsge ITh wild he npporend
bhoe over thio mw&m‘é:» oy tomperature pange, thera Lo 1ittle chenge
in the acbivity of M0 with bemporeobure, elbhough, cs might bo wapeoted ob
- higher pilica conbonte The apbividies ob 26007 opa sllghtly higher than
those obtoined al 1550%0 dodlenbing thod se the tunpoveiurs riges stabiliby
of the pillcate couplaxzep decransots

Values of oyyp for the mdﬁméimi slogs have been calcuwlabed and aro
plottod ageingt tonposition 3h Mged¥s  The values of M0 culewlobed abovy
fop the MoD-810y binery hove &;Ltzzfm haon uead to apsled in Tixlag the pospitions
of bhe ;iamgs*&:?ﬁgéﬁy Linea for ¥Mnle  Tho prosence of MgO in the sglogs gmﬁ.&ﬂ
not he avedded end makep Anborprototlon of the romulio wore dAEDicUlbe fm
on approxduniion Med bag bean dncluded clong with ol in conglrusting the
diogrome XL MgD ond Feb ave assuned to he szzmmii in thelr slliente fopming
tendenciag mmz:awacl wish I»i&;ﬁ’ whan the isoactivity linos drav 1y ba

ragordad as opplying to slmple terwnry FoO-m0-g10; glogoe
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Very faw doto ave amileble in litoreture on “Mnd in mm&m»&a@
glogoe  Turldogon and Peorgon{22) hove enlewlated velnes of 2Mm0 fop &’l&é@
approoching silice pabuvation, thelyr wesulibe hedng boped lavgely oa vabher
wirelinble dobn obbalued by Schenok{56) os long ogo ng 1980

e 98 ghows e povdion of the prosend vorl (FMg.87) ogelnet the
nakground of the Mad lecnctivity curves of Turkdogon end Peorpon(22).
becording bo them thago M0 Leoocblvity curwes connot hg oxbrapolnbod
bayond De45 mole frackion of sillca withoud indrvoducing eveers of wﬁmmm.
mogndinda, becowse the curves bave infloxion points similor to thoose
ghown by Fel dsooobivity cuvvoss Howovor, thore opponys 90 ha oo
theoreticad revson why the M0 lseaobividy cuwves vhow en infloxion of
wha dype dudleoved by Turkdogon and Peoxgon, ond the wepulls of tho prosons
work when eubgopolabted %o the Fob-ind binery (opsuning thad in the lobhop
FoD=MaD hoehove ddeclly) dndicobe no such inflexions I Loy thewofora,
Hely shat the levoctivity cupves obbodned &n the propent worlk eve nore
palinble than those obiained Ly Tuvldogon end Peaxgon, and the disaeropancy

4o thought to be due bo the unreliobla dete used by Purkdogen ond Peorpons

(v) Aobivivy of Silden,

The ceblvity of splilca dn binory MpD-830x molds, con Do ealovlatod

feom bho values of OMnd by ueing vhe Glhbe-Duban relotionship,

hop ¥ @0y = g@: Fiém,ﬂ og ¥ a0

)

This hos olgo boon done for bhe Fol-810y gyobon feom the S50 walnen

colouishod fven the datn of Schuhmomn and Basio(30) for 1600%0,  The
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wlues of 8810 oo obboined aye plolibod in FigeSte

ke o £lvplb apppovimabion apbividies of sllics in Hormawy nelis
con be obtadned by ddnese interpoiobicn bhatweon thope for Fel-510: and
M-S0 nolboe :%Z:g-s‘f;mz@s' dvdty Lluos fof glidcr obbainad In this oI
arg ghown 4n FigebQe

0f, MnDesily molboe

Tho povidal molel fres onerglos and £rec energlos of Rormoblon
of M58y wolds ab 1600°% have boen ealculntod feon the ehove aablvidy
date and plottod 4o Flgddls  The Tiguva s@w ghowe Sree onovglag of
fovmavion gurves For Fal-810s nolbe oblalped from the corramonding
aativity dova, tho froo onowgy fovmobion of M-8l melie of 16009
givon by Richowdson{i7) and the cuvoe Lor the foeo ém:r;vg&cm of forpation
of Gof)-S40; melbs piven Wy Gorber and Mooforlona(Bo ). Tho ograanond
with the MD=-810, eurve of Richnedson(BY) obtadused by o diffovont cuporde
ananbal, ww@a%ﬁé 1o pocds |
) Ao axpacbed the qev is datarnediobe bebusan Showe of the

Pa0-630 end Cob«Hily aysbalne
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(vil) Silicon oquilibmiune

The allicon equllibedun oy be axpragpod og,
Boe 20 @ (81n),

(05200 )

RGN B A]

For exparimental woel coudusbed dn slllen crueiblos end vping Si0;=-saturated

Bea o

-~

Hega, Whis amrosplon voduess %

» : o
R N

In the popt 46 hos beoon Somnd novo eonvendont to upe woelght psroentoga
wathor than actdvltics whon the ezpreogpion

Ry s [Aa)ef
ip obloineds Ly could bo pogarded ag o twue apldlibwlun constont ob
gmpdd conceontvabiong of s:i.i;lﬁéima and oxygen, 1f solutlonsg of thege clemenbs
in dron oboy Hanwyd o Josr ami Af dhay do mob anfect the @,a'%;:witg; of eadh
obhors  Fn the p&"*éﬂ@% vorle ab L6000, K ;’L‘i wao found to bs 249 x 107
compared with B@ m 10, 2.8 = l@'ﬁp Seb 1 0 ond B8 x 10 obiained
by Hilby and Crofte(28), Gokeen and Ghdpmon{SL), Koeber ond Oulpen(3?)
and Schoenele and Zam.@sm&?(ﬁ’,‘.)) rogpoctivalys  %ho agreomont hebtueen the
vorlons worlors eon ba wogarded o gooed over the pange of pdllcon ond
oxygen conoendration encounterad vslng gillico govurebed plopgoe K /m
wog eenstont within dhe lindts of cxpewimontal ewvror ocind 1% might appooy
oh Tiegt elght thadt the notividlos of edlicon and cxypen vore ggual o

thedr walght pereentogens Howavay, the Limdliotion of vorling with elogs



T4

paturabed with pllden dogs nob allow e:zzpz-,amﬁifm of o wide ranpe of
“oddioen ond oiygon soncentrationg fn the motale Tho rammito obboined
uedng mognosio capuedblos and slags neot saturated with eiliea reoulbed in
mobel souplos coverdng o compdderabla concantyation range, iu partiouloy,
mokad, gotplen were obtodngd ewnm‘:ming roletively lerge omounito of cygen
oomporad with tho pllicon sovbente X6 wap aloo pospihlo to obiain Jow
or high oilicon contenbn Ly ezmzmnmg the silica concentvation (and,
ﬂm@fmm ootivity) dn the ploge Ap tho pllicn aobivity 4 no longaw
undlyy valvas of Rgy con only Lo caleulpbed 45 bho cilica activity is
Imowne  Aotivitien of silien dn the elags wore calevlatad by o proporbionnd
intarpolation botween the curves for Bgi0a in Fol+oi0s and Mn0O-s40s plogs,
detiey by topining that tho 190 scbiviby lines for pillen waro Maar
hotwasn tho raspectiva value for tho bincrdos ap chown in Iig«39s  Althouph
an owwor bno beon introduced dn these inderpolotions fox %610, Ly apmuming
that tho mognopia provond hog wo approclabile offent on tha aqismmm and
gony bo woperded as on dnort diiuant, it is hollevad thad #his exror doep
nob roond 30 pavcont of the woluo obtaineds Those veluon of ame,' hava
boon used bo calowlade yolues of '}ﬁ;’wf‘;” ap phown in Teble L. It
will bo goon thad tho walues of this apragsion vary conpldorablye
Ono fuborprotation of thio varietlon would bo to abberilnte 1% ‘ba a
mitunl iaboraotlon Detween pilicon and onygen desolvad fn wolbaon ixrons

In tho molto undey eonpideration the ouyson contenbs oxe hipgh compored
wibh hogo of a‘:!.ma?a ond the moin effact would bo Shob of oxygen on the
aoblvity of pllicon. ﬂ'zmiauggh oo value of Kgg 4o aml%amtz, o ¢loge
“approndmation may be obbtoined by using the meon Klgg valuo, 249 i .10“;
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from apardnents jn efddcn erueillen dn which mwl‘er tha amfmx nor the
toyeon oontents of tho ma%m wera particularly highs Values of i‘g’_ have
beon Qbmﬁ.nm:l by dividing 2.9 % 3.0” by the valuen of [m, 1'["’93‘ plven
in Teblo $le  Albhough a mumbor of maﬁumbmcam havo baog%am:ﬁ) mde in
caleulating ﬁ‘m s 4% 45 cleay that mony of the valuen ars wmiﬂembly
balow wally. Flgure 41 showa %hrza effeat of oxygon percantage on fgg_ .

Tho M) contents (wmpressed in nole frootions) far $ho dndividud polnts
ara showa in z»ammhamo T4 40 cleaw that there 1o mo syotantie
devigtion fvom the mean iine which can bo rolobed to Mnd contand Aam W
gapgeoted by Sehonck and Wiesnaer(29) and illustratad dn IigedOe A pooathle
aplanabion of thely rooults is that thely Jow Mad conbents (Mad < a.e%@ in
pllico~paturated plags corrospond %o high Fel contontio and therefore high
oygen end low oilicon ¢ontents in tho motale IR the abogdihypothonis

of an dnbornabion heotweon pllicon mud omygow in molbten iwn ig correct,

By walvas obbained fyom such msarimmﬁa shoudd be greater than thooe
obiadned with slogs in which A0 vorled fvom 20-8% It might bo

axpebad that an tho MnQ conbont incracged beyond soma eriticsd valus, Kgs
ghold bogin %o rigo agads whon the poslilon i{a voversad and thy pllicon
conbonbe are high ond the oxygon contents lowe I3 4o dnbevonting bo

nobo that, dn opibe of the poatter in vhe resulbs of Korber and Oclsan(s7)
thie dwond do emm in «:mgm rosudbs ab high M@ a@ntfmm (40445 percent)
o ¢an bo peon in Tige30{n)e Tho repulbts chowm in Fige4ld have boon
voplotbed (Tig.42) to ohow tho velatlonohip botuoen log £3, and (7],
which con ha erpresdad mathamtically as, |

Loy 2y = 145 [ 0]
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3 20 £2, 6 10 r@“
A sl R &
T w el

Hhats 1%‘33' = "wo[%ﬁ-]
& o) [Aai]

Tb e oleay from thope oquatdons that sdldcon ond oxygen have
conolderabic effacdt on thy acbiviiy of guch othar and that the nommpbion
Ghat thy mean Klgg volue obtalied from caperinonts in sllice cruclbles was
2 ¢lopg mpwma’imcm %0 the feue Kgg welduo de b pledotly wlide The
mevizacl of enceossive spprosdnniions hap thurefore boen usad 4o 2 mJ.mﬂm;a

hoth 'aha trua volue of Rgy ond values of dog x& and log !’a zt. Gep tho
above values for og f%,_ end Log xﬁ“ hava beon opplied %o o cing-matel
dda obdeined ueing sillen ¢eunibles 0 olitadn o now value of Kgg which in
Baea A uged o zmlu*‘tﬁ,&*&@ now walnes of log t& and o tgi‘. ‘..E!z,g.ss operabion
ws rapoated ¢ tinese Tho Mineld walnup cbtajned wore for J6OOC,
g‘g‘ % 285 % 207

10z tgg_ = 3433 [H0]

log i'gﬁ' . 1480 [si]
These veluen fov oobiviby coeffilclents may be coumpared wlih tho

voluag

1og fgg, s 3.5 (0]

m .
log £y ®  -r.0 [fm]



e

which mey ho derdved fyom tho dalo of Goksen and Chipman( A} for 1600°C,.

hAtugntlen ghould, howavory m d?m-m 4o tha narked siuilerdity hotwoon
Q510 and f& values glven in Toblo 1l This sugponbs a\n alternative
gaplonation fop the oppakdant awmméa of thoe valuen of |

“3:10;
from thab oboorved with silden pattwatad ulaga. Slldea tubes wore uged
40 eouple tho nolbon metaly ond 4L the rnau‘m:!.en batiaon allica ond
medbon dven do etecpely ropidy 4% io pospihle that withla ‘bh@ 32 secondp
dupdng vhilch panpling mcuwmi&, bhe maetald we abla o a:‘:m‘zm Juto goullibeium
wibh eﬁ;&m wilth roppeot Go A% edlicon ond oxygon cangaithe The motal
exnlyses recvrdad woudd thon bave been those in e—zq:uﬁ.ifr‘-.&rﬁiwn vith golld
@llicay deaey T30y = Xy ond 15 could then bo doduced thad within the limlt
of the pragend q‘:\q:aermaﬂiza& arpors eildeon ond oxygen Ald nob offget ooch
wﬁhwaﬁ aubivily Pupthar work nedng sompling rodp m. o maberiod pbhar

Ghan ﬂﬂ.&m tmzud bo neaapeiry to olucidete this pointe

“é’ig;zm“slmwa tho mAGANGE0 aontento of nolten Aron in aquilibwdium
wih TeOmuiDsEi0s ﬂluf?;ﬁ at 16009, Thig hoo beon eomotructed by uoing
the apevinental points obtalned ot 1600%0 together with tho dote of Ky
£ron m&.ml. . "

Ldnes of equal pliicon cotitiéhbs ora oloo chown in Fige2d. Tho valueg
| odong tho plidca solubility curvo wora derdvad from tho rosulln of
oxpardnenta 1n plldes wuclbles. Hildcon convonts in equilibeium with
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ungaturstad amcmw ware eajoulalod from tho dgo-activity ourves for sllien
ghovm An mg.ag, he aqllibedan oxygen e:mmmtw givan in Figen8, and the
voluo of 249 3 100 obtained for KVEL ot 1600°C.  Theso curves do mob

tako into necount o possible offent; of oxygan on tho astivity of silicon

for which o glight covrection would ba nogescnrye  Such o correcbtion would
b preatesd ab high Fol contonbs and ghould not ho alaplx'#biab“la over tha
rouge of compoediions for which curves have hoot drasme

If Tige43 de ugaed dn congunction with Mpe28, monganese, olldeon and
BXRYIEn cmtentml of moltan dvon in equdlileiun vith any glven glag composition
can ho @btaﬂmd.

Figae 44 ond 45 ghow the ogypon-pilicon and m%rgmﬁwngemm ralations
uahiz.a with werying oponbs of mowmness ond edlicon rospeotivaly. m#:a
il'mm Mouren 87 ond 43 have boou noed 4o obtadn Shope »oinbioy mhlp:a. Tha
M0 and 330 rqlz?r&wmmpa obtadned by Bo11(16) at 1550°% aro olse showm in
Figuran 44 end 45,

Pwom Tlgadd, 44 %mmaﬁs apparant thad %o obtadn Yho momo oxygon loval
at 1600%, opprazinately 1.5 times tho cmounb of manganeso ob o given pilicon
ommzéan'tmﬁ%m witd bo roguived fo ohboln o como deoridicing offend by ot
1550%. Thie mﬁ:m' dnereasos ag bho mangpnoog gonbont and the lovel of
cmwmfl.m dociansige

Fipeds 0Emtm bha mangonepe-wysen Giliherlun of Alffaront olifcon
congenteatd onrle Tho egqilibeiun conbond of exygen is lowered elightly
by mongsnopes  Fho addlidon of wovy enedl auunts of cilioviy Osfey 0.0055%
eougsn o oubobandiad decvenso in tho oxypen contionk of the netnls An
daereapa 0f benperatupe fron 3550% o 160070 cauwsen an appreeinklo
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dncpenso in oxygon conbent for sinldar mongoness and silicon eoncenteablons
Thue at .17 manganepo and Oo0LY oilicon, the oxyivn conbonds af 155090

and 16009 are 0,030 and 06045 parconts respeatively « Quor tho ange

of congonbration shown dn Plg.45, o foll in tanparatucrs fron 16(19"6 to
15509 eousen o dedwense lu oxygen contonb of aboub 25-830 parcends  Tho i
presant resulta when compored with those of Lty avd Crafte(23) ilndieste
that the reduction of oxygon polubllity by mangenese in the 13:::*@&61189 ox

gilicon was not ag high as wag observad by tho latber workerse
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APPLICATIONS TO DiOXIDATION OF MOLTEN IRON.

The objech of deoxddotlon ig o reduge to bhe desgired level vhae
amonnb of oxygen left in the molion mobal after refininge It io ugually
vopardad ag preforoble to use a deoxldiser or comblnation of deoxidleers
which will not only meet the degirad gpecification bul which will aleo
give rilgo to liquld deoxlidation producte Thage awe preferable to gollid

"
products because bthe guspended droplebsg of llquid cnun eaplly conlesce to
Porm large incluslons which sepovete veadlly from tho mass of the molieon
mebale Mongancaoe-pllicon alloys vwhose ratlio is fixed hy wial oand
orzor, ara uged ln prochloce

In thin Choplbor an abtiempb hag been made Lo find oubt the dogree
of deoxldotion that might be oxpecbed to take place afber the addition

[ v
of varylag onounbs of manganese-gilicon deoxldigerpy It is Imown fwon
tho work of Murad(48) that irrespoctive of FeQ/Mn0 ratio low melbing
slogs can be obbained near 4o 38«44 pew cand Silz, the nelblng pointe
hoing ag low ag 12009, Thug during deoxidation, At 't;kla mangenesae
gilicon ratlo ig so adjusbed that the compositions of the deoxidabion
products llc within this low-melting raglon, then ot stoel-umallng
temperatiros the deoxidabion products will be highly superheated and
vory fluld, and should easlly separabe fvom tho matole  An atlempt hop
therefore heon moede to caloulate the amount and compowpition of mongonege~
gilicon deoxidiper thalt will be required to achleve any deslred degroo
of deooxidetion and ab the gome time produce such o deoxidablon producte

For oxample, leb us suppose bthab 100 gnse of lron contalning
Ge 05% axygen orae bo be deoxldised to glve iron conbaining 0e005% Oxygany

-

letey 90% of tho oxygen is to be removade Lot ib also be assumed



8le

that o pulleble deoxldabion product would conbain 0.4 nole fyaction glliico.
I% can bh peon from Fige.’0 that an oxygen conbent of QNS pevcont would
bha in equilibrium w:?;isli o glog of mole freciion Wpan = 00023 ab
Lo00°C for Ngio, = Osfe  Mymo is bhorefove 045Y7.  If tho composliion
of the deoxidotilon product is converted into weight pevceontoge, tho
following compesition i obtaineds 810y = 45%, a0 = 1.5% and

M0 = 5365%  In the Pollowing ealeulabion it will be assumed that lron

does nob contoln any silicon and mangonose hefore deowidatione

Govlouwlabions
WG T KTy afin e, R

Totol Oxygen m [Q] aftor deoxidotion + oxygen in inclusions
(Prosont when deoxidisow

addad)e
Ma(in deoxidiser) = [Ma] ® " + panganose W

s1.(in decxidiser) = [81] * " + pilicon W

Lat ® = whe of 'Ma! added in deoxidiser (groms)e

n o= W9 ipceluglon prodused "

Y ¥n0( Am0)

[0 = oo (F700)
and '

A (This can also be vead OFf Tlged3)e

i

[84] = - E‘?ﬁ"l‘q‘?l m B( M ® w8 W N Ag),
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Parcentages of Si0z, Mal and a0 arae knowie

Honce 2 = Q24 gute

Manpanoesga Balantos

RO . 85
w o= b (B TR E Y )

Coleulation or from Fig.43, |[Ma] =A = 1.92

Honga 3 = Le97e

Silicon. Balaneo.

7510 = 28

AL AR T

y = B (% 100 ;}a‘m)

B= [81] = 068 (Bither by calceulation or from J"iﬂ. 3).
y'::a Q.83
s

o o Woight of deoxidisor (assuadug 1% ouly contelns M + §i)

Sty = Le07 4 0a83 = 2,80 pg0ey Lecey 2e0%

Ratio In Daooridigeire

z Mo :g 07 e
2o omr om e om Redoe L.
& = S

-

This caleculation hes been ropeated for dif L“@mnb oxygen lavels
and Por the removal of dlfferont perconbtoges of oxygone  Thae repulitg
obtained are given in Table 1le

Since in sbteelmelding there is normolly o small amount of residval

mongonese pregent ot the ond of the refining period, allowonce ghould



TABLE 12.

Initial mﬂ = c.mohwmooaﬁ.
_ — | Gomposition of Weight of | Apalysis of | _
(] | ___Weight | m/st & Inclusions Inclusions __Steel. |
Removed! Mn  Si  Mn#Sil| Ratio | Deoxi- ) Mn0, Si0z (erans) “Rin ASi 0 | REVEKS.
. . n&ma)
60 16 086 425 | 21 | 25 27 28 45 «335 0% 0.002 .08
70 21 W09 430 24311 | .30 23 32 45 357 W11 0,005 .06
80 42 108 453 | 3.8s1 | 53 13 a2 45 W 228 0.015 04
%0 W72 J156 488 [ 4.5sl | 88 7.5 47:5 45 250 3% 0,05 .2
95 | 1.31 W31 1.62 |42l | 162 3:5 515 45 o52 .10 .20 .01
97,5 | 2.36 493 3429 | 2,51 | 3,290 1.5 5345 45 54 2,14 0,80 005
, | Initial E 0,10(1600°¢)
66 | w33 .0 038 | 7Tl | .38 B e . 4 4 28 0.015 .02
70 44 L0681 50 7l | W50 10 45 35 Ja% 237 0,023 .03
80 62 098 W72 | Gl | W72 75 47,5 45 1 .22 W54 0,05 .02
90 1.20 W25 145 | 4e8al | 1445 3¢5 5l.5 45 | 247 1.1 0.20 0L
95 | 2,08 .86 2,80 [ 2.4a1 | 289 | 3,5 53,5 45 | .36 1,92 . 0.80 .005
- Initial [0] = 0.05(1665%G)
P | !
50 W45 L048 ..»m | De381 | 49 g 46 45 07 W2 0,033 @5 |
70 79 W11 W80 | 7olal | 580 5 50 45 097 T W75 0.08  J015 |
80 | 115 22 1437 | 5e1sl | Le37 35  5l.5 45 k| L.l 0.20 .01
S0 Howﬂ o@W’»Wumm L Nom.mﬂu' NOWQ 1.5 53e5 £33 o124 w-mw Quw oQQm
, | | Initial [0] = 0.025(1600%)
50 WOl 337 105 | Tl | 1.05 | & 51 45 +032 030 13 L0125
60 1e12 o209 1433 | SeBsl 1.33 3e5 5l.5 45 041 i.1 20 Yt
70 1262 237  1.99 1| 4esel 1.99 | 2 53 . 45 048 1.6 e36 40075 |
80 | 1.94 .81 2,751l 24441 | 2,75 | 3.5 535 45 | ,055 1,92 .80 005 | .

.
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Indtdlol Ma = 2? g;wggq,
| - o L0] = 0.20%
0 Romoved Deoxidiger M 84, % Dooxldiser
n | oo M g1 Raglo )
70 001 0400 189 0e1.0
80 W22 0.107 | Bl 0%33
90 | 0,524 0,156 | 3436sL 0.68
05 | 0400 0a3L | 2493al 120
7.5 | 16 0,03 2e30l 3400 |
Indtiol Mo = 0.2%3
. _ | ) (0] o M%wmoo@c
60 0,120 0,047 i Za7501 0018 |
70 | 0u24 0,063 ‘ 4nl. 0e80
80 i Oed2 0.098 | T TN Qe 52
90 | 200 0u352 1 el 1e25 |
Initial Ma = G.?/ } |
| ) [0] = 04054 “Gowm
50 0.245 0,048 s 0e29 |
70 | 0.587 0,11 | 5.3ad 070 :
80 | 0,905 0u223 | 4420l Led?
S — | i I
Indtiel Ma = 0. 2%) e00%
) ] o] <000 0057, )“600
50 0,713 0,137 Buovl 0485
| 80 § ln?ﬁ‘é Qa2 ' ol,ll e 56

(%
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be moade for thip in the caleulolbionse The date ghown in Table 13 have
boen obteined in a sinmilor mannew ‘530‘ bhose of Table 12, bubt assuning
that the molten mebal contalned 0.2 per cent residual mangenese. Ib
bag alse hoan agsumed thalt the resldual gllicon conbent is negligible,
vhich would be true ab bthe end of refining im the bogic open~heorth
process bub nob in any acld process or aftor she reducing period of a
hagle glectrle procegge

| In FigedG, the porcontage weight of deoxldiser requirad to produco
a fiuld Incluglon of Ghe composibtion indieated above hne been plobbed
against thoe peroentoge oxygen remowved at different :'%;m:?.ﬁ:‘ial oxyegen
contenbape  Algo shoun arc the finnl omygeon contents after deoxidabion,

ag Indleated by the dotbed red linese 16 would he seotise

() Ap expected bhe percentoge oxygen romoved increnges ag tho weighb
of deoxidiser added is incvoosede The incraenge in the emount of
deoxldiper ugad incroages ropddly beyond o certain percenbege of oxygen
renoved which lncresses with the infbial contonts of the metol.s Ap an
axample with en initial oxygen conbont O.lfy the amount of deoxidiser
roquired rises from le45 $0 249 porcent as the amount of oxygen wremoved

s lncrgased feom 90 €0 95 percanie

(b) The porcentbege of deowidiser raqulred lncreases as the inlblnl

avygen conbont of the meotal g decreaseds

(a) The welght of decxidiser required depends moinly on the £inol
axygen conbent and only increases slightly ag the Initial oxygen conbenb

ip inoreapeds Thus a Linal oxypen content of 0.02 percont opn be
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achlevad wibh additions of deoxidiser wanging from 067 o 0«85 percent
of’ the ivon weight for inltial oxygen contenbs varying os much og 0.025
50 Qa2 paveonbe Thig is aluo appurent from Flg.47? whore the itz .
ameunt of deoxldlser used la plothed ageingt Pinol oxygen fovr dififerant
initial oxygen levelse This figure eleo indlecobes vory cleavly thod
the amount of decxldigeor requived incrcoges vory repldly for all Indtlal
oxygon lovels as the final oxypen conbent decroages hayond Qe 0L porcente
£6 would he clearly uwneconomicol to carzy oub furbher deoxldotlon with
nangenesa~gllicon alloys boyond an oxygen level of ahout .0l percent
and fwebhey deowldatilon con be move economlcally obtained by the use
of aluminiume It should he pointed cub, however, thot furvher deoxlda-
stion would bo oxpeched to taka ploca os the bemperature fell {rom
1600% to the freezing polal of iron and the £innl oxygen levelp
quoted above ean bo regawded as abous 20 perceunt higher bthan bhose whileh
ney he reagonahbly oxpected in practleal. vorks deoxidatione The Liguwo
ef 20 percent is derived from o comporigon of oxygen level obtalned in
the prapent work Wlﬁhbﬁhﬁﬂé obtodned by Boll{lo) for pimiler slag
composltion ot 1550,

Fige48(n) and (b) show the relationship belwsen the Final oxygon
conbent of molton iven et A600°C and the manganoge-gilicon zoblo of
the deoxidiger required to form Lliguld deoxddebtlon products wlthoub and
wibh moangonase Inltlally prosont in the moliten irone The lotber eope
g more »ppregeontative of practieal deoxldation since residual wmanganecse
conbenbs of Qelh L0 025 percent ave componly mot in practloge Ib con

ho geen that no single mangonese~gllicon vatio of deoxidiser is sulteble
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in oll cages and vhat for each lulhlal oxygen level, bhe mongoncge
gilicon weblo appeays Lo rooch a maximlme Oxygeon contenbs el the ud
of rofining in the cpen~hearth furnaco would be ezpoghed to lie woll
within the Llimibt Q025 to Ol povcente It hapg alveady been indicobed
bhat uneconomical amounby of deoxidiser would be regquired if oxygen
lavals much below Q.0L percent were dasiveds Assuning a wesidund
nongenese conbont of D2 percent, L% would be seen from Flge28(b) thai
the requiglte monganoge-~pilicon rabtilo in the deoxddiser lles bobucen
the 1imit of aboub 3.5 o 445 which g {ypleal of monganesa-silicon
dooxldisers in prosent day usee  Figed8(h) shous also thab the optduim
mongonese=gllicon rablo decresses ropldly as the degree of deoxidation
roquired increogege This would natuwally correspond to rapild increase

in bhe rosgldual sillcon conbtondb in the deoxidigped metole

LABORATORY, DEOXTDAT TON EAPTRIVENT e

It vas mepbloned under the hending of "Hxpewimental, Technidcue®
thot at the conclusion of sowe of the slag-mebal experinents, monganega=
gilleon deoxldiger wap addeds uvbher metal samplep were btolken afber
ollowing the melt bo glond for Limes verying from 1 to 15 minutege The
rosulby obtodnad from these experiments arae shown iun Teblo lde In
saveral expevimentel ruuns move than one deoxidised pample wag talen
afber the addition of deoxldiser abl different timess This is indicaied
by I or IL after the melt number, as shown in Column 2. Dooxidigers
with Mos 84 ratios of €l and Sl were usedy, as it bhad been ghown Lecm

bhe earliar experinenba theb such deoxldisers would be expeched bto
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RBesulbs on Deoxidation
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= ¥ WBecE  WGeOf  Ravie | iime
Tempe Mal% | Before Deoxidation | HMetel Goxifiar of  dlawd Lif%er Deoxidation
3 foe | Anm A A& doomde edded  deox® bakee A AL #0
_ sBzed. | {oms) siiser gopling
1600 ZR{@)T  CuS25<0.00L 0,168 49 gpse G5k S11 . Lmine 0276  0.0255 0,028
®  pl{e)I 0.060 0.0015 0ol48 43,5 ° W o BI4o® 0,202 0u0085 0,116
@ Di{e)T 0,050 0.0C15 0e143 VS g1 35 @ 0.097 ©C.006 0,243
8 wmmwm 0,780,001 0J6 45 ™ ) oo mI 1 ¢ 0,568 0,81  0.086
¢ D3{a) 0.078<0.00L D.16 - J7UT mp 5 ® 0e32  Cu®23  0.302
* | p2(I) 0.025<0.001 0,168 32 " 042 Hi 3 *® 0.348  0.00B  0.087
®  D33{I) 0.03% 0.026 0.088. 55 7 0,50 Sl 4 ® 0s342 0,08  0.023
® | DIa(EI; 0.07 0,013 0,046 63 % 048 Sl g * 0e248  0.063  0.0295
® | 2o(I)! 0.083 G002 QMIIL 46 ™ 051 4l 0 ¥ ® 0,22 0,00 0,0636 |
@ | DaL{I) C.O¥2 0.0025 GeI23] 22 ™ . Qe5k . 4al - 10% 0,30  0.0018 0.0643
. ® | D25{I) 0.028 0.0075 0,052 5L "™ 0,53 | 513 5 M 0279 0,05  0.0408
: | :
# ) D35{I) 0.135 0.0022 01141 28 " ! (32 | &3l 8§ B 1 0,354 0,0035 0.040
| : |
po | *,
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pive 1iguid deoxidetion product when odded in amounits of about L7,
porbleulorly ol high Inltial oxygen conbenice

Lh will Do geen from Table 14 bhal the oxygoen conbonbs afber
decxildatlon are greaiter than those indicoted by Flge4?. Thus, using
14 deoxidiser, the highest oxygen conbent expecbod would be 0.0187
evon when the iron wog iniltlally saturated with oxygens  In Figed9d
the finpl oxygen conbont aftar deoxldotlon 1o plobtied agolnst bime
alopsaed after addition of deoxidisaer; bthe indtinl condibions being
opproximotely the some, vise, oxygon conbent of motod = 0elb « Ded7%,
perceninge deoxidliaer uped cbout l, and Mu/Si ratlo of deoxidiser, Hel.
It s cleay that the oxygen content rlscs afler addition of deoxldiper
bownweds the oxygen conbent which wag initlally present ond in equilibzlum
with the overlying sloge Tho oxygon content zloep due o transfer of
oxygon from slag to metele This proceps occurs vepldly during the
fivet tuo nimbes after deoxidotlone The mmber of ropulig ot othey
xygen lavels where the deoxidotion conditions are gimller are insufficlond
1o glva a curve of the type ag shown in Fle.49, but o glwilar trend lo
ghoun by thome

The rapid dncreage In oxygen conbent after deoxideblon in the
pregont work ls meinly due to bthe gmoll quantliies of metal ond sglog
prosents  In practicel deoxidetiong on incraape in onygon conbonbt afber
deoxidabtion would he expeched to occur bub nolt Lo the some degree due 4o
vha lerger depbhe of mebal and sloge  Further factors Limlting vhe
rovergal of oxygon from glag to metel ave the fall dn bemperabure which

normally oceurs durdng deoxidotlon, pertloulorly In the lodle and the

a 2 KN . K
removol of most of the sleg ulilch ocewurs befora ladle deoxidabions
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It wop vot posplble in the prepent experimends to wemove the gplog
completely hefore deoxidabtlon, bub 1t lg believed thob oxypen contende
approaching the theorebical wvalues would bave been abbained in the

abpance of the slage



Ol.

REFPRRENCE S

ds © C. Goodevae Dipce Povadoy Goce, 1948, Noedy Y
2¢ JeUhibae Jelron and Steel Inpbey, 1943, II, 579

206 LelleDarlon and ReWeGuryys
Jelime Ghiome Soce y 1946, 68, 798

Be IMDeRichardgon, JeHellodeifen ond GeWlitherge '
Jelron and Steel Inste, 1950, 166, 2134

Lo Ao ledebur. Stahl und Eigen, 1895, 156, 370,

56 Le Romonoffe Stahl und Bloen, 1899, 19, 265, ‘
Ge I SeTrltton and Dellonsons J-Iron and Steol Insbe, 19?11 s 110, 90,
7e He Ig ummm. Rove de Motallurgle, z.m-, Dy 513,

Be CeHeHaorly and MeGalnese Mining eund Mebte Investigation Bullebin,
1\1003‘19 19270

9s  FeKdrboer and H.Ocloone Bﬁbu« KeWelo, 1982, 14, 181. .

10e JeChipman and A.M.Sama:r'ip. Tmmss. A.I.M.]:n, 1937, 125, 331.

1le MelleDagtur and J .Gm@xms,n.‘ Trande A..E.M.lu.p 1949, 185, 4&13:1.

12 KeLeFattors and J.Chilpmone Trons. A.&.M.,, 1941, 29, 953

13+ CeRe Taylor and JeChlpmane Trange delellels, 1943, 154, 238,

ite W .A.F‘l.scher z:md e Vom Endea. Arch:lv. fur dop Bisonhubbe 1952, 29,21

15e HelleDolldy AeBelurady ond PeT.Coriore
1!.‘0.?180 Mo .[.I“.L-L.’ lgn)r.,’ 19;?9 ?186

16e HeBaBalle Phele 1&1@1&31.{3, G‘mﬂgmr Unlvargliy, L9563

17. . 8chonelk, N.G. Schmohl and AJLeBloutge
Archive Lisemmu%. 1957, 28, al’?o

d8e PoKaFopter and A.declslelohe 1‘?°onn3.“f‘amd..‘£>c>c. L1956, 52, 1636.
19 W.Krings and HeSchacknonne ﬁe.lo.l%nezrgoblmmw s L9381y 202, 99,

20¢ NeBeGarop TeleWinkler and J.0hipmone
Trange Aelele s ’ .LQOO, 188’ B‘ﬂlo



36

87
38,
39e
40,
X

42 e

R

TeBeWinkleor and Je Ghﬁ.zﬁmﬁﬂ. Trande NeTellella [ 1%69 ?;éip ili.

BeTeTurkdogen and JePenrgone  Jelvon and Steel Inste 1953, 175, 393
Doanﬁi:t;byg and We Gfﬂf ’k’fi}ﬂ Toange Ae I'Mu E- o :1.9 850 ? “lhgg' s 485.

HohoSlLomop and H.Llelvonge o
Jolron ond Hteel Ingte, 1951, 1069, 140l

OvBubagchoyslkle Jelvon and Steel Insﬁ. p 1951, 1G9, 150
FoDs Richardsone Jelvon and Stoel Insbey 1950, 166, 137
Q.Cm;pmm. J odron ond Steel Tndle, 1955, 180, 7.

Ne LeBowen and J.I'. Beholrere Amexrum. of folonca, 1932, 24, L77e
HeSchanel and Ge iﬁ:%.esmw. Amh i.v. Iw@nﬂmh bro g L9566y 27, de
l{m Seluhmenn. and poaobﬂtﬂiﬁo Tfmm% Ali&Maliug &903.’ ;!_.*%’ 401
N.!%.Gmkeen and JeChipmone  Tronse Aekelele, L0562, 102, 171l.
G.A.?ﬂyi’fe and Uslle Singe Tﬁ?ﬁlﬂfﬂo KeleMelie 3«%3, %ﬂ%, 191.
MeHeDagbir and JoChlpmans  Transe AelelMeley 1949, 185, 441
NehAeGoltcon and J«Ghipmone Transe Ae IE.M’.I%.I. g 1958, 197, 1017.
GelleHawty and Co~workerpe (a) lnlws.ﬂh@m. of Sinza@lm&lng, Carnegle
Ingbe of Tachs and Ues .Bm.mywu,
Co-op Bulle 36 (1")?8).
(b) Ibide Tach. paper 492 (L931).

Heo Soheneck and Be O.Bmgg@maimﬁ. ' Ct
Archive Sﬁiﬁxeml‘mi}‘ba 19351936, 9y 543

FoRorbor and Wl0olsone MAthe KelWelep 2933, :,.a, ?71. ‘
1a Se Darlione Digeuneion ~ Trvange A 'L.WI. o 1050, 188 .88, 1340,
TaLide Bvang and N.&aﬁlom*m. J..Lefcm and Stcae”! Iogbey 1962, _?52, 296e
WeKrings and HeSchackmaime Zelt.funorgeChome L9892, &% » B08e

D;. Kirbye Mem.L.m:r?g.mg 1924, 30, GOe

]I‘.X%st.*mm and U.l".HO"Lbi. GOle

Indugteand Emgg.ﬂhm.a 1988, 10y HHoe2,
Febedithy Yle



43e

93e

ToBuDancys TronssBedtsGersS0cey 1950y 49, 360s
BeeLe Mothod of Anplysine Trefe L1134, Pard 313 19544
Htondard Mebhodg of f&m:’iysﬁ.a. United Stoel Coey 1951.
Mathods of Annlysls Comnibbeae ’{rcm ﬂnd_ &4 em.l. fngbey 1950, 166, 480

UsHeReGontzy ond LieGe Sh@ﬂ:“rﬁ.ng”&em deBoceUheme Indugtyy, 1946, 0D
20,

AeBe Muwade PheDe Thagla, Gla&gét-r Undve, 1952

E.T.?:wk&agm and J .L&i’emaon. Iiirs;*cm. mzid Steal Ingte 1953, :!.'73, 223

B.wmﬁmrvy and Led mv'kam. Jnl, .&n.Glmm.mc., 1950, 72, 3900

TeDeRiahardson mmﬂ Jelelad 0l T0ie

dnle Iron and Steel, Eﬂﬁvoa 19489 uﬁ(}@ gﬁlo

MeBlG¥e | "Physicel Chemigbvy of Malbe"., Tust b M.Ln.
‘ and Mobe, 19534

He Schenclke Phyolend t,lmmmwy of Stoeelmaicing®. 3,3.1. S.R.ﬂo,
1945, pp.l&ﬁ and 200

PeTebianlior. Royal, ‘.l?:aczlm. Collegos Hobe Club Journaly 1955+506,
1\?@-39 p.ﬁ-&.

b. '« BeMinchom and FeDRichavdaone ;
Pfﬁ@&ﬁ@fﬂgwghp .[3.1’ 1904, :}, ﬂﬁ. ‘
TrangsFavaday t:%a@. o 39&;65 D2 1:33}3.

4

He Schonclie hrohesBlgenhubtbe, 193 0-:3&,; Ga 9196
Te Dalm.(ah{mdﬁ(}ﬂo TranseFarode 20ce § & 1086 p B 3.313 °
PeTeliarter and TeGaMociorlonce "

diolelivon ond Stocl Ingbe, 1957, 1856, 62



ACKNOWLEDGEME N T

The :}m.hcw deﬂlrem o Gﬁ&pﬁi’@ﬁﬁ; hlg ‘thanlks o Profogpor
l'f?« Hay ond Dre PeTe Gm%ex* for thelr holp, advica and eriticism
during this investigptions Thanks are also dup 4o bthe suthoritien
of the Royel College of Sclence and Technology for financial help
and in payticulsr b0 Profeseqr Re Hoy in whose deparitment the

i

pltchor woe appolnted ag o Demongirator during this rosesrch worle



