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ABSTRACT

uality raw materials having lower percentage of
unwanted elements like sulphur are depleting with time and
at the same time development of new special alloys warrants
very low sulphur content- These constraints are suificient
to keep the metallurgists and material scientists engaged
in study of behaviour of sulphur in metals, alloys and slags
necessary to develop processes to produce quality allovs
at econouiical prices Extensive work has been done in past on
removal of sulphur during extraction and refining but at the
cost of productivity and economy. However; external desulphur-
isation has off late proved to be quite useful process for
removal of sulphur in betw=zen iron making and steel making
stagese Still, substantial work may be done to optimize the
external desulphurization process with regard to the technology
and desulphurising agents uscd to improve the economy of the
process. Soda base slags have been established to be very
useful for bringing down the sulphur level in the melts-
However, they can not be used successfuly during smelting
and refining as they attack the refractory lining and give

out irritating fumes.

In external or ladle desulphurisation use of soda
base slags may be made more cfficiently because of low:
temperatures prevalent bringing down the magnitude of slags

attack on refractories:» However, only a few studies carried
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out on external desulphurization using soda-slags but the
data obtained has evoked the need for dctailed study on soda-

based slagse

The present work has, therefore, been taken up to study
systematically the soda-silica binary system and the effect
of lime additions on the sulphur capacity of soda~silica
‘slags+ Thus, the binary Na,0-8i0, and ternary CaO-Na,0-SiO,
slag systems of varying compositions have been selected
for experimental study using gas condensed phase ecquilibria
technigue- The slag samples have been equilibrated with a
gas phase of known sulphur and oxygen potentials.The sulpnur
capacities of binary soda-silica slags with varying Na20/8i02
molar ratios, namely, 0«25, Os40, 052, 0+84, and 1.03 at
temperatures 1373,1423,1473, 1523 and 1573 K have been
determined. Effccts of lime additions in soda-silica slags
of the above mentioned Na20/8102 ratios on their sulghur
capacities at the same temperatures have also been studied.
Oxygen and sulphur~di~oxide potcntials ranged in between

lo—ll

to 10-8 and 0.07 to 0-10 atme respectively. Oxygen
potentials were measured in different gaseous mixtures using

a suitably designed oxygen sensors

The entire text of the dissertation has been spread over

five chapterss

Chapter 1 has been devoted to the brief introduction of
the problem and critical review of literature comprising

of different technicues used and various systems studied for
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determination of sulphur capacity-

Design and fabrication of experimental set-up has been
described in detail in Chapter 2. A detailed description has

also been given on materials and methods used in the present

WO rks

Chapter 3 deals with the experimental results and
discussion for the binary Na20—8i02 systems Results of
present investigations have been analysed and compared with
the existing data on soda-silica slag and other binary

silicate. systemse

In Chapter 4 the expérimental results and discussion
for the ternary CaO-NaZO-SiO2 system have been reportede
Results of present work are compared with the earlier work

on this system and other ternary silicete systemss

In Chapter 5; the experimental results on sulphur
capacity of soda base binary and ternary slag systems

have been summarized and concludedes
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CHAPTER «I

GENERAL

1,1 INTRODUCTION

Behaviour of sulphur has always attractéd attention of
Metallurgists and material scientists involved in alloy
development. This element, if present in concentrations in
excess of solubility limit tends to 'segrega%e' generally
along the grain boundaries or form inclusions thereby
adversely affecting the physical, mechanical and other
engineering properties of metals and alloys. The major
deleterious effects specially in ferrous alloys includgs
introduction of hot shortness, increase in hardness and
electrical resistance and general reduction in ductility,
toughness, forgeability, weldability and corrosion resistance.
The degree to which thesg properties are affected varies

in propoftion to sulphur content and hardness of such alloyst1].
However, only in case of free machining alloys (specially
steels and brasses). This segregation has been advantageously

exploited.

Sims and other workers{2 ] concentrated their efferts

on utilisation of sulphur to advantage particularly in
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steels and developed the concept of 'Sulphide Inclusion
Shape Control'. They noticed a consistent and reproducible
pattern »f these inclusions and also found that a relation-
ship could be worked out between the size, shape and
distribution of such sulphide inclusions énd ductility of
steels. Strong decoxidiscrs, besides having greater affiuity
fdr oxygen, also fomm sulphidessnitrides and carbides,
conscouantly affecting the composition of these inclusions
and hence their effect on propertics of steels. Aluminiumg
for wxample, changes the size and distribution morphology
of oxides as well as sulpnidos and therefore results in

high ductility and low gas-porosity of stecls [3]. Hiam[:l'r]

L4}

also obscrved an improvement in transverse ductility o
steel during cold working by lowering sulphur content
but concluded that it was not as cffective as that attained
by inclusion shapc controle Addition of rarc-carth

clements also change morphdlogy of sulphide inclusions

from clongated to spherical shapc and hence results in -
marked reduction in scnstivity of stecls to hydrogens

induced cracking during welding ’: 5] .

Sulphur is invariably associated in pyritic- or
sulphatic~ form with orcs of diffecrent mctals duc to its
high recactivity and stability of compoundse It can only
bc partially ramoved during ore preparation and is removed
invariably ecithcer in slags, fumes, vapours or gasces

cmerging out of the furnaces in pyromctallurgical processing



of such ores or concentratess Fuel, cspccially cokc, is
another major source of sulphur in the charge of smelting
furnécéSo The residual sulphur in the refined metallic
phasc is therefore prescnt as diluto solution becausc

of its low conccntrations resulting duc to its partitiams
between the metallic, gascous and/or slag phases. lower
sulphur stceels can thercfore be produced using high slag
basicities but generally at the cost of !'productivity?

and at high prodﬁction costs resulting from burden adjust-
ment‘for'blasg furnacese Several attempts were thercfore
made for external desulphurisation of hot mctals Mooreﬁzé:]
has described thoe different technigues used successfully
for such oxtcmal desulphurisation of iron and stecle

A good desulphuriser should obvicusly be low in cost,

give reproducible results, cvolve minimum to:zic fumes

and dust; form stable sulphides of desirable morphology

and react in a non=viclent mannceres

For production of low sulphur, high purity stecl
mctals; therefore, the significance of sulphur transfer
capacity of rcfining slags or gascous phascs can not be
over-cmphasizaede. Scveral studics have thercefore been
'.made in the recent past for detemination of sulphur
between metal and slag and !Sulphur Capacity! of slagses
These will be reviewed in the next scoctione As will be
cvident, most of these studies have been restricted to the

ferrous systcms and involving silicatc and aluminate slags



and only a fow on soda-lime siags-

le 2 LITERATURE REVIEW

Having realized the hamful offcets on the final propertics
of metal{s) and alloys owing to the presecnce of metallic
sulphide inclusions,; chemists and metallurgists have concoentra-
- ted their efforts to fight it out. Minimization of sulphur
lcvels in the melts has boen the subject of cxtensive rescarch
programme for a long timce Desulphurisation of differcent
metallic systems yielded a volumenous thermodynamic data
reclated to partition of sulphur in mcitals and slag,
‘sulphur capacity of slags; solubility of sulphides in oxide
melts; activity cocfficients of sulphides; activity of
oxides, cffect of composition and temperaturc and viscosity
of oxide melts in addition to the data on free energy

of formation of sulphides, heats of formation of silicates
from oxides, activation encrgy for ionic condition ctce
Howecver, the published data is not adecuate for the
development of a standardiscd dgsulphrisation pProcess
pcecrhaps due to thc changing pattem of acceptable sulphqr
lcvels and various stages of refining it and, thus,
necessitates further investigations to achiceve optimum

slag composition and cstablish conditions for developing

a well controlled desulphurisatidn process to bring down

the sulphur to desirced levels.
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1+2+1 Sulphur Ecquilibria-Concept and Tcrminology

The sulphur cquilibrium between glag and metal may be

represented by following cxpresgions
}:s]—:~(02") = (8°7) + [o] ees (1.1)

which involves no assumptions concerning the cations assoc¢iated
with oxygen and sulphur in slag. The equilibrium constant,

Klg for the reaction le.l is &xpresscd ass

(asé_)[_ao_]
Kl = A eee (102)
[s1Ca .1
O
whichy on rearrangement of texms gives
(aszu) (aoz_)
= Kl caee (l.})

[s] Cagl

Assuming Henrian behaviour for all components, ege(Ie«3)

may be rewritten as

(We'/es) <nog- ) 2
—--—-—-:——--——-- = K2 '-:——-F—:-"‘-"—': o e (l'L‘.)
[wi/es ] [[weYeo]

. wherc n is thc number of gram ions of oxygen in 100 gms

2-
: C
of slag after the oxygen requirements for the formation

of s:;oﬁ , PO} and Alog sons have been satisfied [187]

Carter [:9:] verified the linear bchaviour of

eqe(1+4) by plotting (Wt/es)/[_Wt'l 8] versus n 2_/@t'/.oj
o)



calculated from the data of Fetters ctal[l0] and Grant
etal[1i] on ecquilibrium sulphur distribution botween slag
and metal at 1600°C and illustrated the near ecuivalence
of all basic oxides during desulphurisaticone It has been
rcported that sulphur docs not dissolve as such in the
silicate melts to any significant extent but, sulphidces

and sulphatcs arc soluble [12].

Fincham and Ridhardson[}i] have shown that in gas-slag
cquilibrium, the sulphur equilibria may be represented by

the following chemical rcactions,

1

. . . -
55+ (0°7) = 30+ (87) ses (1a5)
1 2=\ _ (en?-
25+ 20,% (077) = (s0f7) eee (1.6)
and,
5.+30,+(0°7) = (5,027) — cee (1.7)
277%2 227 ,
or, 2302+02+(02')= (5205") cee (1.8)

for which cquilibrium constants may be cxpresscd ass
1/2
(a ..) p5'"

- s« 2 '
K.? = — : vos (109)
2 (a q-) pé/d
0“ 2
(a802~)
G, = - b : ess (1.10)
(a 2—)pé/2'pg/4

o 2 2



(a 2=)
5,97 |
KE - s 00 (loll)
S 2_)ps -Po3/2
2 p
(as 0 -~ )
and; R, = ( ! 5 ees (1a12)
a - )*P50_Po

2 2

Richardson and Withers[lQ] advocated that sulphide equili-
brium (eg.1.5) should be applicablé under more rcducing
conditions; while sulphate ccuilibrium (egel+6) should be
dominant unde;Amore oxidising conditionss When partial

pressure of SO, and O, both arc high in gas phasec, pyro-

2 2
sulphates arc formed as represcnted by equations le7 and
1.8, but, thesec rcactions arc important only at tempceratures

below 1500°C and lime rich slags[ij].

On the basis of the rcsults on studices conducted on
blast furnace slags, Holbrook and Joscph|1l5] and Holbrook[16]
defined the desulphurising power (D.P.) of thc slag by the

following relationships,

Dep. = L8 in slag
/e in metal

%_175_;.?_ eer (1013]

In other words it is equal to the sulphur distribution or

pi

partition coefficient betwecen slag and metals
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Sulphur affinity of a slag has becen described
as sulphur capacity by Fincham and Richardson[}i] and it

is mathcmatically cxpressed ass

(wees)p/ 2

S
| pslz
2

see (Iv14)

As can be noted from the expression above, a slag with
higher value of Cg will hold or absorb sulphur morc
strongly at constant conditions of oxygen and sulphur
pressures than one with lowcr Cg valuc and thus prove a

better desulphuriscer in a refining process [ié]-

With the knowledgc of sulphide capacitys the sulphur
which a slag will containy can bc predicted cuantitatively
under Xnown oxygen and sulphur pressures, data on CS, it
can also be applicd over a wide range of calculations to
determine sulphur partitions in comparison to slag4metal
partition data, since sulphidc capacity is independent of
metal or alloy involved, thercfores slag mctal partition
as defined by cgelel3 can be predicted provided thexmo-
dynamics of sulphur in liquid alloy arc known [17]e Eqel.14
hés been modificd to detemine activity of lime, 040 for
small slag sulphur pecrcentages by Carter and MaCfarlane

[18-19]in their Ca0-$10, and Cs0-al,05 melts ass

aCaS/A B (7‘5)‘Ycas/A

&) o) T e o o
acas/ B (7-8)" Yo e/®

—

acao = s ea <l¢l5)




where A = pé/z/pé/2 refcrenced as the sulphurising
potential and (°AS/A) gives the sulphide capacitys; and Teas
is the activity coefficient of sulphide in slage. Supcr-
script '0' refcrs to the slag having lime activity cqual to

unitye

l.2.2 EXPERIMENTAL TECHNIQUES

Pﬁblished work pertaining to the measurement of sulphide
capacitics rcports the use of chomical ccuilibria techniqucs
Most of the workers have equilibrated slag samples with
sglphur bearing gascous mixturcs flowing in the rcaction
chambere Bronson and StePicerrc[20] have used encapsulation
technique where ecuilibrium is approached by static gas

cnvironmentse

le2+2.1 CHEMICAL EQUILIBRIA

It is the most cxtensively usced technigue in physico-
chcmical studies of metallurgical systams and cxtensive

data is rcported for diffcrent materialse Equilibrium
mcasurcments arc helpful in the determination of the activity
of components forming gascous componcntse. In this techniquey
high temperaturce studies of the recactions betwecen gascous

and condecnsced phascs cither a solid or licuid arc conductcde
The chemical potential of recacting spocics usced for
cequilibrating the condensced phasce,; is readily controlled

with an appropriatce choicc of the composition and tempcecraturce

of thce gascous mixturce The cxpcerimental data thus producced
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is utilized for computing the thermodynamic kchaviourof
of thc specics in the condensced phasce Gaseous mixtures
used to cstablish and control the chemical potential of

the reacting specics arc prescented in table lels.

Choice of gascous mixturces to be used in a particular
investigation largely depcends not only on the specific
‘chamical potential required but also on the casc of
developing the mixkturce, simplicity in apparatus design and
the capability of transporting the rcacting specics at
such a rate so as to attain cquilibrium in a rcasonable

length of timee

Gas~condcnsced phasc equilibria for dissolutiqn of
sulphur in slags can be expresscd by cquations ls53le6
and 1.7, in which (82-), (SO§~) andwﬁggpgu) can be rcgarded
as the represcentative amounts of dissolved sulphur in

slags in fom of sulphide; sulphatc or pyrosulphatec

respectivelye

From the value of cquilibrium constant (cxpressed by
cquations 1.9 and 1.10) for the respective equilibrium),
frce energy and the themodynamic cnthalpy of the cguilibrium
reaction can bc estimated using standard thermodynamic

rclationshipse

Different techniques have been applicd for the
cstablishment of gascous mixturc of definitce composition

to yicld chamical poteontial of the desired spceciese Different
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Table 1.1 Gaseous mixture used for establishing
different chemical potentials

Gas Mixture Chemical potentiai
established

Co-Co, | 0,(cCy
Fy-H,0 %
CO,-H, o,(c,
Co, | 0,(Cy
H,S~H,, : S, -
H,0-8,, S,

Ny=5, S,
50,0, 82(02)
szz-so2 | S,30,
805-CO~CO | 8550,
50,~Hy=CO, o 5510,
CO-CO, (0,)

CH, ~H, C

HC1~H, Cl,

NH, -H, SN,



1l

gascs can be mixed together in the laboratory using constant
pressure hcad capillary flowmeters to yicld multicomponent
gascous mixturcs with desired potcecntial of the rcacting
specigseOne such apparatus for binary gascous mixturc pre-
paration was dcveloped by Johnston and Walker[éi] and
modificd later by Darken and Gurry[22]. In cascs where gas-
mixing is not'conVGnicnt technique,; chemical potentialscan
best be controlled by passing a pure gas (or gascous mixturc)
over the condcnsed phase{s) containing the desired rcacting'
specics*The gas rcacts with thce condenscd phasc to yield
a gascous phasc of the desired composition,; hcnce chemical
potcential of the solutce under studye The gascous phasc; thus
obtainéd, isAswept over the material understudy, held in
condensed state and the desired rcacting vapour specie is
transferred to the condensed phasce The different techniques
for establishing chemical potential in this fashion may be

classificd into three catcgoriess

(i) Open Circuit Technique

In this case both the source of the reacting specie and the
system under study arc held in a samc reaction vesscle
Example of this technicque include establishmont of phosphorus

and oxygen potentials or the desired silicon potentiale

(1i) Closed Circuit Technique
In such tocchnique the source and the systom under study

are held into diffcrent vesscls and the gas cycled between
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theme Examplc of this include goeneration of sulphur
potential by passing pure hydrogen over a metale=mctal
sulphide mixturc (sourcc of sulphur spccie) to yield a

gaseous mixturc of H -HES gases which is circulated over

2
the system under studys

(iii) Static Atmosphere Technique

In such cxperiments twin quartz capsulcs have been success-
fully cmployede A sclected source of the recacting specic

is kept in onc limb of the capsulce Static atmospherce of the
recacting spccic, potential of which depends uneon the
temperature at which the capsule is held, is generated
inside the capsule and systeh is cquilibrated in the

atmospherc so preparcde

As pointed out by Richardson and Alcock {}j], the
phenomecnorn. of thermal diffusion or themal scgregation
causcs the main inaccuracy in the cxperimental deta in
chemical equilibration studicse Themal diffusion occurs
when a gascous mixturc is passced through an apparatus
having low and high temperaturo-zones. The lighter components
concentrate in the hotter part and the heavicr in the colder.
The degree of segregation incrcases with increasing temperaturc
and incrcasing temperaturc gradicents and also duc to
larger differcnee in the molecular weights and sizes of the
components in thce gascous mixturce However; the extent of

this phcenomenon can be reduced by maintaining high flow
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rates of thc gascous mixturee

For cstablishing sulphur potentials; gas mixing as
well as the closcd~circuit and the static atmospherc
ecéhniqucs have been adopted by diffecrent investigatorse
Howcver, for the measurcment of sulphide capacity, till
1978 only chemical equilibria technique was adoptede
Based on this technique Fincham and Richardson[l13],
StePirre and Chipman[24] and Carter and MaCfarlane[1§]
have designed their apparatus,; which are esscentially similar
in principle. Different gascous mixtures containing
sulphur bearinggas were made to flow in the reaction chamber
to equilibrate the oxide mixtures. The apparatus after
Fincham and Richardson[13] have been extensively used by

subsccuent workerse

le2+2.2 Encapsulation Method

Bronson and St-Pierrc[éd] have developed a new technique
for sulphur capacity detcrmination. Broadly speaking the
techniques take advantage of gas~condensed phase equilibria
but in a static gas atmospheree Sulphur capacity of slag

is related by the cxpression

(Wtyes)_
(Clg = (Wele 87 (C), e (1416)

where subscript tr! and 's! refers to refercnce slag

and slag under studye Since gas-environ is static, po'/P

25,
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rcemains censtant throughout the experiment for all the slag

samplese

A numpber of slag samples under study and reference
slag whose sulphur capacity is known from prcvious measurc-
ments arc placed in the tight container or cépsule alongwith
the source of sulphur becaring gas. The capsule is heated
to fhe temperaturce of interest. Slags is condensed phase
and thc gas containing sulphur spcecic adjust to establish

mutual equilibriume

le2¢3 Experimcntal Studies on Sulphur Capacity
of Slags

In the following sub-scctions; rcsults on sulphur capacity
measurcment of slags are critically rcvicwede Binary,

Termary and complex slags are discussed scparatclye

le 2¢3¢1 Binary Slag Mixturcs

It is well known that desulphurisation is more cfficient
at higher basicity ratio or thc basic oxidc/acid oxidc
ratioe Orecs, invariably consist of silica, and aluminae
Alumina duc to its amphotcric nature has been added as flux
for thc adjustment of basicity ratioce Thus,; silicatc and
aluminates of various basic cations have been cxtensively
studieds Diffcrent binary silicate and aluminates and
other slags containing lime arc reviewed in the following

sub~scctionse



le2e3e1lel Binary Silicatc Mclts

Fincham and Richardson[13] have extensively studied the
sulphide capacity of a number of slag systamse Amongst

the binary silicate mixtures of CaO-Sloz, MgO= 8102 and

FL0°8102 couilibrated with a gascous mixturce of Hg,SOﬂ,

C02 at 1500° and 1650° C, MgO~SiO,. has the least valuc,

2

FeO-8102 has thc highest while CaO—SiO2

valuc of sulphide capacitiese. The workersy in another

has intecmediate

invéstigation{25] explain the high Cg valucs for FeO-SiOé
than CaO-SiOZ at given oxygen pressurc by attributing this
tc the greater metal oxide activity in ferrous silicate
mcltse The statement is valid for acid slags having

morc than 33°%% of silicae With tomperaturc, sulphide.

capacity incrcascse It increases with increasce in molar

fraction of basc contents so in so that Ca.O-SiO2 slag with

molar fraction of limc equal tc 0s35 at 1650°C and with
molar fraction lime cqual to 0.55 at 1500°C has similar

Cg valuese Richardson and Fincham[25] found that when

Py is less than 10 “-10 6
2

is prevalent while sulphate equilibria(cgele6) is dominant

atm,; sulphidc cquilibria (cgele5)

whaen Po is grcatcr than 10"3~10‘4 atme and in bctween
2 .
these limits of Po both sulphides and sulphates may
2
existe The workcrs had discussed the results of binary

silicate melts in relation to desulphurisation in iron-
and stecel=-makinge The results werce applicd to the transfer

of sulphur bectween gas and slag in open-hearth to



desulphurisation of blast furnacc slag with reasonable
agrcemente Carter and MaCfarlanc[ii} mcasured lime activity

in limeesilica melts using a gascous mixture CO*C02+SO

2°
Abraham and Richardson[p6] calculated C, from the data of
Carter and MaCfarlanc and reporfcd a sharp disagreement
between the values of Fincham and Richardson[ij] and Carter
and MaCfarlane[19]. Abraham and Richardson also corrccted
their thermodynamic data of the gascous mixture and
recalculated CS valucse Satisfactory agreement was found
between the two modified values on the experimental data

of the investigators[19,é6]- Abraham etal]27] detcrmined

sulphidc capacities of Mn0~-SiO, melts and pscudobinary

2
systcms of the typce Ca0»8102~; Mn0-5102 and MgO.SiOE-CaO.SiOQ
at tomperatures of 1500, 1575 and 1650°C sulphide capacity
for MnO*SiOZ were found to be of the ordcr of Fe0~SiOéy

In the CaO-SiOZ-MnOoSiOE systam, sulphide capacity

increcascs with incrcasce in the molar fraction of MnO,

whilc there was a sharp fall in the CS value with incrcasing

MgO0 mole fractions in the MgO.SiOE*CaO-SiO2 systeme

Results on sulphide capacity measurements of CaO-SiOég
MnO—-SiO2 and MgO-Si02 reported by Shama and Richardson
[}8,2@] are in closce agreement to the work roportcd[ij]
after modificatione Hino and FuWaEBQ] have reported C_

measurement on liquid MnO-SiO2 meltse
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leZe3ele? Binary Aluminatc Melts

Lime and alumina melts were studied by Fincham and
Richarlson ELB,QS_} s Cartor and Macfarlane!:laj s Sharma
and RichandsonBJ;] s Camceron etal E§2—] and Kor and
Richardson|[33]. Fincham and RichardsonELB ,25] measurcd .
sulphide capacitics of Ca0-21,05 at 1650°C by gas-slag
equilibriae The Cs values lied in betwcecen thosc of
Ca0-83'.02 and FeO-Si0, and increased with increcase in
limec molc fractione Carter and Macfarlane[lfﬂ measured
sulphide capacity and also activity of lime at 1500°C
and used a gascous mixturc of CO-COl -SOE, whilce Sharmma

2

and Richardson[31] uscd the gascous mixturc of C02-~H2--802~N2

at 1500°C and the results of the workers are in satisfactory
agreement. Cameron ctal.[32] reported the C, value by

equilibrating the melts with CO-C02-80 and H S=-H,.O~Axrgon

2 2 Hp= My

at 1550°C. Their [_32] results were in sharp disagrecment
with those of previous worksr_ig,BQ. Thercfore, Richardson
with KorB}] repcated the earlier éxperiment te test theilr
validity in the light of Camcmn'sB?:] work and the

results were found in closc confimmity with the carlicr

work DS ,5_1:] .

Kor and Richardson@j] also detcmined Cs valucs
for Ceﬂ?‘zﬂ%lgo3 mclts at 1500°C. Bguilibrium was maintained

with a gascous mixturc of N, +CO+CO, +3S0 .« CS values never

2 2 2
cxceeded lO.LF and werce much lower than thosce obtained

for CaF,)x‘-A1203+CaO. Sharma and Richardson[9] conducted
<



the experiments for sulphidc capacity determination of
A12C2~-Si'e2 at léSOOC using a gaseous mixturce of CCE’

SOE’ H2 and N2- A peak was cobsaerved at about C.074 mole
fraction of alumina. This may be attributed to the
formation of solid mullitee Drop in CS value with an
increase in mole fraction of A1203 may be due to presence
of mullite which has no significant absorbancc of
sulphur- A plot of CS VCIrsus NAIAOB extrapolates to zero
at zero revealing that in these gilica rich melts

alumina acts as basces

leZe341s3 Other Calcium Be~ring Slags

Gurry and Darken[34] equilibrated lime-iron oxide slags
with SC2+G2 gas mixtures and concluded that sulphur
"content increasces with increasing lime content in this
system which is ecuilibrated with a gascous mixture of

higher oxygcn pressure ( 10~2 atme )e

St«Pirrc and Chipman[Z4] rcported that the distribution
of sulphur between slag and gas depends upon the oxygen
pressurc of the gase In Fel slags, a change in oxygen
produced a change in ferric oxide contente These workers
equilibrated lime-iron oxide melts with 802 containing
CC and €O, at 14507, 150¢%, 15507 and 16CC°C and their
data indicatc that additions of lime to iron oxide (pure

iron-oxide has a sulphur copocity of less than 1074 Wt

percent) slags contoining 82~ ions upto Cal saturation,
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produce a slight lowering of sulphur contconts With
increasing tomperaturc of cqguilibration,; sulphur content
decrecasess At cconstant atmospheric conditions; the substi-
tuion of lime for iron lowers the sulphidc content and

greatly enhances the sulphate contente

CaO~P205 slag system was studied by Abraham and
Richardson|2§] who equilibrated the samples at 1650°C
with mixturce of H2, CO2 and 802. Data reported on sulphide
capacities indicatce that a slight increasé in lime
content increases Cg value sharply; for instance for lime
content from 52.4 to 50 Wt.}h‘. Log Cg increases by a

factor of 1E.

Kor and Richardson[§§1 while detemining sulphide
capacities for CaO—Caf2 mclts, also equilibrated Caf2 melts

with a mixture of CO, CC,; SC, and N, at 1500°Ce They

2
predicted a grcater solubility than that of CaQ from
an argument based on the lack of dcependence of YCaS on
NCaO’ although themodynaaic data [35,3€ﬂ.on free cnergy
changes makes it impossible to convert CaF2 to CaSe
However, CaF2 in combination with lime gives exccptionally
high CS values. These workcers concluded further that
desulphurising powcer of fluoride slags can be used under
highly reducing as wcll as oxidising conditions in
advantage to other more eifcctive silicates vize FeC—5102
and MnC-Sil, and basic open hecarth slag which warrants for

—

relatively oxidising conditionse Hawkins ctal[Bf] conducted



measurcments at 150C and 155¢°C on sulphide capacities

and plotted activities of CaF, Ca0 and CaS over the whole

e
range of liquid compositionse Their resultis at 150¢°¢C

werc in good agrecment with those of Kor and Richardson[33],
Edmunds Bé] and Yuan Sun etalB@- It has ‘also been
concluded that sulphide capacity increascs with increasing
Cal content and decrcases slightly with temperaturec with
the replacement of Ca ions by Mg or Si ions. Their results

were applied to the practical operation of an electroslag

rig and good agreanent was obscrveds

Results of differcnt workers on binary systems described

are presented in Figelel which is self explanatorye

le 2342 Termarxy Slag Mixtures

Third componeﬁt may be added to a binary slag mixtures

to obtéin the desiralble physico-chemical properticse Various
termary systems have becn the subject of investigation to
study the effect of the additive on sulphur transfer

capacity of the parent binary slag mixtures.

le2e3e2.1 Ternary Silicate Melts

StePicrre and Chipman[}@] carried out investigations on
systen limc-silica~iron oxide with CaC/5102 ratios namecly
CeB2Ly 1275 and Z.235. It has rcported that eccuilibrium
values inciease with incrcasing CaC/Sil, ratios and a

2
3

function (Ca+ ESi)' fffect of increasing oxygen potential
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on the gaseous phasc for slags of constant Ca0/3102
ratio of leZ7E shows the similar trende. Sulphide capacitics
were also plotted against mole percent of silica. The
results arc in good agrecment with thoseoof Finchanm and
Richardson[ij]- StePierre and Chipman concluded that addi~
tion of silica to lime-iron oxide system lowers the

Sulphu: content under a given conditions of atmosphére on
the reaction chamber, because of the lowering in oxide

ion activitye

Kalyanram et alEQQ] investigated the Cal~MglC-Sil, slag

2

equilibrating it with a mixturc of SO2~CC~C02 at 1500°C

anca utilised the results to asscss the activity of lime
in thesc slags. The results were expressed in the form

of ACaO ase

O
3ca0* 'cas (/. s)a°
A = ‘Y = S eee (lul())
Cas (*/87)a

where superscript to! refers to reference slag with until

lime activity and A, the sulphurising potential; as
/2
, 1/2 /
equal to (pS ) /(p0 )
2 o
a simple function of (N

- A values were found to be
' Cal

N 7 . 1gs of
cao’ NMgO)/NSiO? For slags of

constant (/e Cal)/ (" Si02) ratio, &, o was found to increase
(&A™
with increasing Mgl additions and then incrcasc was more
marked as the (° CaC)/(7.8il,) ratic was raised. At
&,

constant silica content ACaD value decreased with increasing

Mge contentes Sinco A

Cal is corrclated with sulphicdc capacity



(7. s/a = Cg)s € value can also be calculated.

sbraham and Richardson[p6] studied Ca0~P 0.~ SiC,,

slags containing J/mole PO, at 165C°C and calculated

w

sulphide capacitiess Gaseous nixture used was stCO2

and SOZ. ong recuires more o¥f Cal content than required
for Ca'0~SiC~2 for obtaining similar values. Desulphurising.

power for CaC-P205-3102 and Cal~Si0, with CaC C.57 and

2
Oe5 mole fractions respectivelye
Sharmma and Ridhardson[éé] equilibrated MgC-Mnc¥SiO2

slags at 1650°C with a mixture of 002, 802, H2 and N,
<

to estimate sulphide capacity. Considering the system

as a pseudo-binary of the type MgO.Si02+Mnu.siOE the

logarithm valucs of molar Sulphldu Ca.pﬁcn.tyx varies llncarlv

for N ., = Ce5 with MgC.SiC, equal to 5~7 approximately.
3102 e

But with NSiO = Ce4, there is significant divergence

e
from the straight line behaviour (as high as 35 percent).

le2e362+2 Ternary Aluninate Melts

Abrdhan and Rlchardson[zé] conducted prerlments to measure

e s
* molar sulphide capac1ty, c! s? defined as CS = NMs(pC /PS 1’2
for the equilibria of the type (o" )+ 382— (s") + %%fand‘
. 1 . . 1
- o = il +~ .
2(8i~0") 55, o( Si=C-si )+ s + 3,



sulphide capacity of the lime alumina with P O, additions

2
upto 0.07 mole fraction under similar conditions as were

for Ca0~Pq05rSiOZ slagse Sulphide capacity were found to
<

be of the order of 1+17x10 ¢ for Cad 60 Wt. /s and 5,00){1(}“3

for Ca0 54«2 Wt.’/. . Addition of P205 lowvered Cé but to the

lesser extent in comparison with CaO-PqOS-»SiO2 meltse
- »

Kor and Richardson{?j] studied the effect of CaF,
P

additions in the lime-alumina melts by wmwkXidaxmiimg wWikR

2 2
mixture at 1500°C. Sulphide capacity values lie in between

WORIR BB, ¥, Jkactuxe Wy ecuilibrating with CO+CO fsoéa-N
the binaries of CaO--CaF2 and CaO-AlgOB- They compared their
results with those of Zmojdin et al[ 41_] and observed a
marked difference in i1so~sulphur capacity contourse The
sulphur capacities values detemined by 2Zmojdin et al were
20 times as much as that calculated by Kor etall 33 ]. These
workers[ 2% assigned the reason for this difference to be
the use of radio-chemical technigque and/or inadequate CO

pPressures; used by Zmojdin ct al,:Alj.

leZe3.2¢3 Silliminite Melts

Fincham and Richardson[lﬁ] studied the system CaO-SiO?-Aléog
-at 1500 and 1350°C by atteining ecquilibyrium with a gaseous

5 and 802 in order to calculate sulphide
capacity valucs,; which were plotted in ternary diagram

mixture of H., CO
<

as iso-sulphurcapacity contours. The lines follow the

Pattern as could be oexpected if activity cocfficient oif CasS
-+ R =Y y
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were approximatcly constant and the sulphide capacities
followed lime activities. The Cg values tend to a maximum
along with the Ca0~51203-8i02 joine Based on the themmo-
dynamic data ]Z.’/] , maximum lime activities are expected

for melts in which molar fractions of SiO2 and AIQOB are
approximately equal. The same workers further reported["zé]
that therc is a reasonable agreement in the CS values betwecen
their results and thosce obtained by iatch and Chipman[z;?ﬂ .
Hatch and Chipman measured sulphide partitions between .
carbon saturated iron and silicate melts containing sulphur
(in varying proportions) and carbon monoxide gas at 1 atme

pressure at 1506°C (iece Po = lC«°15'72

atm)e The basis of
comparison of resultsﬁﬂ with those of Hatch and Chipman
was the latterts dato with 145 percent sulphur containcd

in this ternary melte

Kalyanram ct alELO] studied the lime-sillimanite
slag at 1500°¢C being under equilibrium with a gasecous
mixture of CG-CO,-SC, for detemining activity of lime, in
the fomm of ACaO’ which is proportional to CS of Fincham and
Richardsone Numericel values of sulphide capacity for
comparable slag compositions used by Kalyanram werc hali than
those reported earlicr]jﬂ- The reason, that could be attributed
to this diffcrence, is the different therﬁxp,dynmnic data
used by the two group of workers for the calculation of
oxygen and sulphur potuntials in the different gascous

mixturess In this work EAO j ; the rosults were expresscd as a



ratio of sulphidoe capacity of the slag undcr study to
that of the referonce (standard) slag having unit lime

capacitye.

Shama and Ridhardson[éé] investigated the MNgO-
qnd MnC-sillimanite at 1680°C  in vicw of activity
detemination of MnU as well as the sulphidoe capacityes
Equilibrium was attained with a mixturc of CO;, SOA?

< P

HE and N2 gascse Thessulphide capacities for this systaom
reflects the amphotoeric nature of aluminae. For instance,
at a molé fraction of 0.6 silica, the substitution of
alumnina for MgC at first lowers tho CS value; but beyond
0«23 alumina mole fraction it began to raisc it such

that at 4«18 contour could e¢liminate at alumina saturation
in the AIQOB-SiOZ binarye This risc presumably occurs at

higher silica lcvels also when N than N

» 1 l-\c*r-‘
Al,0, 18 eSS Mg ?
. 2 3
the Cs value f2lls as alumina is substituted for MgC at
constunt molce friaction of silicas Here the alumina
2 NaaTra - S a acil o +1 ; N.-
appcars to act as an acide. But, when thec ratio NAlc07/ MgO

C.

is greater than that of 15, similar substitution at constant
mole fraction of SiOp cause Cs te rise and alumina piresumably
takes over eos a basce Sulphide capacity values for the

slag system, MnO-Si0 ~Al.03, shiow an increasce with increasc

2 2 .
in basc content; however, no amphoteric naturc of AL_C
<

3

could be obsurved in this svstame



leZs3s2e4 Other Complex Mixtures

Fincham and Richardson [:15:] measured sulphide capacity

of compositional iron and steel making slags vize besic
opren hearth, acid open hcarth and blast furnace slags[}é .
Their sulphide capacity values arc 3e16x10° 2, 1.26x107~ and
3-16xl(3"£’L (approximately) respectively as measured by these
workerss The results indicate that iron blast furnace slag
has least desulphurising power in comparison to acid open
hecarth and basic open hearth slags, latter of which is
Obsexrved to be the bost desuiphuriser amongst thame

Chipman ct al[ 4% ] had carlier reported a valuc of sulphide
capacity for basic open hcarth slag greatcr by avféctor

of twc bascd on the sulphur partition ratio determined

by slag-metal cquilibriume Thesc workers[iﬁ] accounted for
this difference to the different choice of oxygen partial
pressure (10~6 in casc 0f Fincham and Richardson while lO"8
in case of Chipman ¢t al) which resulted into the higher
proportions of iron and limc being associated as ferritces
under fommer conditions [}51 so that lime and ferrous activi-

ties and hence sulphide capacity was lowered [28].

To maintain the fluidity of blast furnace slags at
lSDOOC inspite of the high concentration of metal oxide
which give the high sulphidce capacities, additions of MgO
are madgee to CaO-SiOQ-AJ.D_O3 slags. Hatch and Chipman[ﬁﬁl

carried out investigations in the direction of sulphur
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partition ratio between iron blast furnaceﬂaﬁd metal

at 1500°C and established that the desulphurisation ratio (S)
(s)/[_s] is controlled by excess base (equal to

(cao0 * -% MgO)-(Si02~’.~A12O3) in moles per 100 gm of slag)

for slags with 1+5 per cent sulphur. Later Osborn et al[ff]
advocated the use of such slags in iron making and concluded
that sulphur distribution are detemined solely by the
Wte®4 ratio (CaO+Mg0)/(Si02-l~A1203) and that provided this
ratio 1s constant; the capacities are unéffected by the
alumina content. However, Abraham and Richardson 28]
carried out asulphide capacity of lime-magnesia~sillimanite
slags and their results invalidated the conclusions of
Osborm because they observed CS values being improved by
almost 70 percent when 10 percent alumina replaces silica
on weight percent basise. Prior to the work of Abraham and
Richardson, Burges and BaldwianLEl had shown that high
magnesia slags are bétter desulphurisers than those
nomally used. Partition ratios as obtained, in practice;
by a high magnesia slag (approximate composition CalO43;
MgO 12, 510230 and Algf.)3 15) are four times more than
those with ﬁsual slag (CaOL,»A.Ls MgO 3, ‘5102 3% and Aléo 20),
although the sulphide capacities are improved by a factor
of 2+ Abraham and Richardson|26] accounted for .this diff~
erence as the contribution of the factors like higher
temperature of metal and slag and sulphur partition close

to ecquilibrium becausecof decrecased viscosity[_z}é:[.



Kalyanram etalE@QI carried out activity measurements on
such slags. Revised values of sulphide capacity for

from the available data Egogqﬁﬂ show reasonable agreement
within experimental limits with sulphide capacity data

of Abrahgn and Richardsone

In view of growing importance of titania-slags, in
practice, Brown et al.|[17] carried out measurements of
sulphide capacity at 1500°C for liquid slags containing
CaO,; Al 03, TlO and MgO0 by equilibrating with a mixture
of COEy H2 and 802 gasess Theilr results indicated that
when TiO, replaced s.{oz or Al,0z at a given Ca0 level,
the splphide capacity increased which is explained as
partially due to an increase in the oxide ion activity
and -partly to an iincreese in sulphur solubility of slagss
Although, Ti3+ levels are highervat lower ongen pressures
over the sulphur capacity was not markede Furthermore,
it is also shown that the effect of adding TiOé to a blast
furﬁaae slag (CaO-A1203~SiOé) will increasec rather than
decrease the sulphur partition ratio under the conditions:
" temperature = l5OO°C9 pc0.= 2 atm, an = 1 and fs = Fe5e
As far as sulphﬁr control is concerﬁeds the effect of
introducing some titania into the slag is relatively small
and hence it is unlikcly to have titania additions to

control sulphure

Bronson and St-Picrre[éO;hf] have determined CS valucs
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for Ca0-Si0 _~CaF, and Ca0~Si0,~Al,0, slags having
s b 2 23

(Ca0/si0,, ranging from 1.00 to 1.28) at 1503°C with
2 ;

CaF. and BEOB[}QI additions and CaO~8i0, melts containing
- :

2
MgO, FeOX, T102* and 41,05[47], It is reported [20] that

at fixed CaO/SiOE ratio, the sulphide capacity

2
additions results into the reduction of Cs value.

increased with increasing CaF, content; while B,O,
& -

Substitution of CaF2 for Ca0 does not show any
marked alteration in C_ valuce On the other hand BZO‘

replacements for Si0. has shown slight increasc in

[

sulphide capacitys Results of Abraham and Richardson[}é]
for CaO-SiO2 melts were talken as reliable and used for

calculation of sulphide capacities of other melts with

’CaFE and 8203. In CaO--SiO2 slags containing FeO, Tiog,

Mg0 and A1203 it is found that substitution of MgC for
Cal decreascs sulphide capacity significantly while

substitution FeQ incrcases CS. The substitution of A1205

and 8203 increascs CS t0 the same extente TiO2 additions

sﬁow a slightly more increase in CS valuese FOr a
basicity ratio of 1«21, the aoz-/fsz- ratio is incrcased

by substitution of A1203 and TiO2 for 8102, while the

ratio shows a significant decrcase on replacing Ca0O with MgO.

% Total iron contcnt expressed as eguivalent FeOC and

total titanium contont expressed as equivalent T102-
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leze3%¢3 Soda Basec Slags

Low sulphur steels can be tapped by carrying a higher
slag basicity in the steel making vesscl; which would
result into lower production rates and higher opcrating
cost, thus it is preferable to charge low sulphur charge
in the stecl making vesscle for obtaining low sulphur
charge for steel making,; low sulphur burdens in the blast
fumace again results into decrcased productivity with
increascd production costs and hénce it is wise to
desulphurisc iron at post iron making and pre-steel making
conditions. This would lead to carry out desulphurisation

of iron in ladlecs before taking melts to the steel making

vessel[_7 ]

Jacqucmot]: 48] revicwed theddifferent possible
desulphurisation mechanisms for steel and showed the
desulphurisation can be accclerated in ladle and certain
techniques allow very low sulphur lcvels to obe obtainad.
Kamardin et al[hg] studied the cffect of metallurgical
factors vize tcomperature,; chemical composition of the
mctal and slag composition om equilibrium and actual
distribution of sulphur between metal and slag in ladle
refining of steel, with alumino~silicate slags of basic
typee On using alumino=silicate slags containing 2C pcerccne
Si0, with traces (5% ) of MgC and CaF

2 o?!
of desulphurisation was achicved as on using CaO--AlAO3
2

the samc degrece

slags of conventional types



Ohman and Lehner':{)O] studied mctallurgical factors
affecting ladlc refining of steel, vizs homogenisation of
temperature and composition,; deoxidation, desulphurisatidn,
modification of non=mctallic inclusions etce The advantage
of ladle refining include reduced gas pick-ups; less temperature
variations, shorter time between end of rcfining and teeming
and thus less risk of reoversion from slag; lower perccentage
of non-metallic inclusions since therc is no extra-tapping
and removal of unwanted elcments from metal is promoted

by stirring during tréatment in the ladle. Gruner and
Bardenheger [:51:Jy too, advocate desulphurisation subscgquent
to the melting processs They claimed reproducible desulphur-
isation of steel by a slacging rcaction of grecatcr than 90

percente

Various mcthods that could be uscd for adding dcsulphure
iser during extcmal desulphurisation[ 6 ]+ (a) blowing
inert gés (to cause stirring (b) injection of desulphurising
agent with carrier gas; (c¢) vibration treatment of ladle,

(d) electric induction stirring, and (c) double ladlings In
past various desulphuriscrs that have becen tried in practice
for ladlc desulphurisation of pig iron, foundry iron and

stecl by diffcrent workers have been swnmed up by Kurzinky[:7t]
to namc a few of importance calcium carbide [52-57],
magncsium[ﬁ8-6@], lime [61-65], soda ash[bé=7C], caustic

soda [68,69] and calcium carbonate [64]. Out of those, soda

ash has beoen acclaimed to be a potent desulvhuriser which is



frequently utilized for desulphurisation of pig iron

both for stcel making and foundry purposeﬂ?i], but, this
could rarcly be givon importance ducAto rapid attack ot
alkali bearing slags on refractorics [ 8 ], although high
éoda content in slags leads to better desulphurisatioh-
Ward[_8 ] has tabulated the relative desulphurising powcr
of different cations, taking that of calcium as unity.

The tablce shows the desulphurising powers as ecual to 0.305,
G+ 25, Cs0075 and 1070 for Fez+, Mn2+, Mgg+ and Na'©

respectivelye.

With the usc of soda, a large volumc of objectionable
fume is relcased and has a tendency to pidk~-up moisturc
ffom atmospherc resulting into excessive iron splashinge
However, these shortcomings can be overcome by stirring
soda bearing fluxes in air-tight containers and subsccucnt
rceinoval of reaction slag shortly after addition to avoid
reversion of sulphur from slag to iron[ 7 ]« Usec of soda
ash in the desulphurisation of iron, for foundry purposc
dates back to 1934« Besides all this, soda ash is the
cheapest matcrial; thet can be used for desulphurisation
using simple techniques such as pouring iron on top of the
desulphuriscr in an open ladle, sulphur levels of the
order of C.015%. could bc obtained and; thereforc, it is now
in consicerable usc, spccially in Europe[73]. Furthcmmorc,
soda ash, as has been rcported by many workers [?2~7é]9 has

in addition to better desulphurising powery deposphorising



POWCIrS tOOe Yamamoto[76-7f1 has developed new steel making
process with sodium carbonatc £lux, which states that
bost conditions for refining include the slag composition

of N320/810 grcater. than 2 at temperature below 1400°C.

2
Hafmann ctal[78] discussed the use of soda in ladle in
context with effect of slag sceparation, sulphur contents

of rion and carbon activitv in metal as well as the rclation-

ship of sulphur-carbon activity in various typcs of irone.

]

Elermann ¢t al[79] have earricd out kinctic investiga-
tio ns to study the mechanism and kinctics of sulphur
transfcr from carbon saturatcd iron to slag at 125c°C

during desulphurisation with CaO~SiOz~Na 0 slags and intcre

2
pretted their experimental results in temms of clectro-
chemical proccss taking place betwcen metal and slage They
reported that the iron content in slag abruptly incrcascs

at its initial stage and thereafter decreases to cguilibrium
values It was in 1972 that a scrious though was given to
Na20-8i02 system and Nagashima and Katsura[é@] carried out .
investigations on solubility of sulphur in sodium silicate

of Na20/3102 ratios 1/3, 1/2 and 1/1 mclts at 110C, 125C

and 13c0°C under varying oxygen pressure with the following
objectives (1) to obtain fundamecntal themodynamic infommation
about the solubility of sulphur and (2) actually prove the
dissolving statc of sulphur in silicate melting by chcmical
analysise Holmquist [B81] studicd solubility of sulphur at

very high oxygen partial pressure and no study has cvaer been
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made over the wider range of oxygen partial pressurce
Sulphidc, sulphotc and totcl sulphur was chemical analyscd
' by a method out lined by Nagashima[8Z] and partial pressurc
of oxygen wcere calculated as well as measured dircectly
with a solid clectrolyte mct.ode Their rcsults showed that
at llOOOC, the cquilibrium within the gascous phasé is not
established whilc at 125C and 130¢°C, the gas phasc is
considered to be closc to cquilibriume at leGOC, their
results showed a minimum solubility of sulphur at specific
OXygen pressurcs at 12500 and 13000 it has becn inferred
that (a) at constant temperature and constant NaQC,«’SiO2
ratio,; solubility of sulphur incrcases with an incrcase in
thc total sulphur content of gascous phase, (b) at dcfinite
temperature, Na2O/Si02 ratio and input sulphur, sulphatc
formation takes place at P 10—6-8 atm whilc sulphide is
formed at py 1077 atm, which is similar to the inference
made by Richirdson ané Withers[14] aand (c¢) when the
temperature and input sulphur content are constant, the
solubility rises with an increasc in NaZC/SiGQ ratio

in the melte In case total input sulphur ranains constant,

1

the minimum solubility limit shifts in the direction of
higher p02 with an incrcase in tamperature corresponding
to the change in equilibrium gas composition as temperaturc
riscs. As rcported by Bahout ctal[B3] and Inouc and

Suito]EL;_] Denicr [85_:! have also conducted experiments

to determine the sulphide capacity of Na,O-SiCE maltse
2
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Their results compare well with those of [30,851 at 1250°
for Na20/8i02 = 0,5 but for Na20/5i02= 1; Nagashima
obtained a logarithm of sulphide capacity value as equal
to =3 while Denier's is =2 and the reason attributed to
the loss of sodium by vapourisation resulting into
relatively high activity of Na,0.

Sulphur partition between carbon-saturated iron melt
and Na20~8102 slags was investigated by Inoue and Suito[B4]

under the inert gas, argon, atmosphere of SO -C02-H2 gases.

2
It has been shown from the measurement [éd] that sulphide
capacity value of Na20~8102 slags lies between those of
CaO—CaF2 and CaO~SiOZ. Compositions studied were Na20/8102= %,
1/2, 1/1 and 3/2 at 1250° and 1350°C. The sulphide capacity
values [@: = (W, %.8) ZQ:] calculated from sulphur partitions
were found to be in thesrange of 1073 to 107#, however,

their temperature dependence was not observed. These values
were lower than the previous measurements for Na20/5102=

0.5, 0.7, but, higher in case of slags having Na20/8102

ratios below the former. The sulphur partitions between
carbon-saturated iron and Na20-~CaO-SiO2 melts were measured
at 1250°C at constant 8i0, content. Logarithmic value of

(s)/[C8] in the 3Na,0.25i0,-3Ca0.28i0, and the Na,0.5i0,-

2 2

(pseudo-binary system; decrease linearly with increasing
3Ca0.28i02 and-CaO.8102 contents, The Na20 equivalent of
Ca0 for the sulphur partition was found to be 0.%. Presence

of FeS was confirmed and its total sulphur was maximum at the
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composition of NaZO/SiO = Ce9 (molar ratio).

2

- Celsen[B6] found out that Cat additions to the
Na LeSiC, or 2Na2C~3SiDE mclts upto 4C°% favourced
desulphurisation becausc of increasc in basicitys The
Nazc cquivalent of Cal was estimated to be le2 to 146
from comparison of his rosults with thosc of Na2C~SiCé
melts by Korber and Celsen[87,88]+ Domalski ot al|89]
discusscd the possibility of desulphurisation in NaéO-Ca -Sii;i2
slags from the view point of better fluidity and suggested
that thc regions iﬁ the NaZC-CaC-SiQQ ternary systanm
whose liguidus arc below 115°C arc favoureblc for
desulphurisations

Jwamoto ctale [9C] investigated the state of sulphur

2
absorption, clectron spin resistance (ESR) and S-Ka, X=- ray

and sulphur iron interaction in Na C~8i02 slags by optical

emission spcetroscopy and concluded that in Na20~SiC2 slags

polysulphide ions such as 8, arc fomed as an intermcdiatc
£

constitucnt with decrcasing oxygen partial pressurcs Their

results indicated further that Fe3+~82' interaction begins

7

to occur in the vicinity of py = 1070-16"7 atm.

I'4
Bahout ot al[éj] published their data on desulphuriza-

tion of iron by pneumatic injection of soda ash in 200 t
torpecdeo ladlese The work was carried out at Usinor
Dunkirk worksy Francc by JRSID with collaboration of Solvay

and Usinore Soda ash was decp injected pnoumatically and
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their results were quite encouraging. Sulphur levels as
low as 0,005 Y. were obtained as against 0.015Y. by simple
treatment. with soda ash with relatively low flux
¢onsumption. The‘treatment took 20 minutes and thermal and

silicon losses were not increased significantly.

Use of soda slags to desulphurise the ferrous melts
has inherent drawbacks naﬁelymrefractory attack and
evolution of fumes. Nevertheless soda slags could lead
very low sulphur levels at relatively lower operating
costs. Deficiency associated with the use of such slags
could be taken care of by deployment of improved techniques
whereby better desulphurisation is achieved economically
as compared to expensive desulphurisers like Can; CaC29

magnesium etc,

1.3 FORMULATION OF THE PROBLEM

In Section 1.2 it has been amply demonstrated that most

of the measurements of sulphur capacity (or the sulphide
capacity, where limited to calcium~; maganese-,

and magnesium~silicates; aluminate, fluoride; and silli-
manite systems and at temperature beyond 1500°C possibly

from the view point of development of slags for desulphurisa-
tion in iron~ and steel. Also the reliability of the

reported data could be doubted as pointed out by Nagashima ahd

Katsura|[80] who found wide variations in the observed



and theoreotically calculeted valucs of oxygen prossurcs,

ospecially at 110ccCe

Soda ash has boon successfully used for external
desulphﬁrisation of hot mctal in iom and steel ind us
industry duc to its relatively high desulphurising power
and lesscr requirements of activation cnergy for ionic
conduction of sodium oxidce However, this recuires relatively
lower tomperature for trecatment of hotemctal becausc of
wihich the damage to lining of thoe vesecel due to alkali

attack is minimune

The present investigation was thercofore undertaken
to study the sulphur capacity of NaEO-SiOé mélts with
varying Nazc/SiC2 ratio at tecmperatures ranging from
1373 to 1873 Ks Effcct of lime additions on sulphide capaci-
tics of sodium~silicatce melts will also be studied in the
samc tamperaturce range for compositions having liquidus
tempoerature below 1473 Ke The results; so obtained, will
alsc be comparcd with the data obtained by other workers
for these slags and slags of othor componcntse Cxygen
pressure in the reaction zone will also be measured through
a suitable oxygen scnsor to improve the reliability of the

data so obtaincde
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CiHPIZR -2

EXPERIMENTAL

The prescnt chapter deals with the methods and materials
uscd in the prescent invostigation- The gas-concensed phasc
chemical equilibria technicue using opén system‘has been
addptcd for the »urposc to study the effects of temperoture
of ecuilibration and conposition of different binary and»
_ternarxy slags onAthcir sulphuf capacities. ihe different
matericls used and methods adépted for preparation of slags
and gascous mixturecs, actual ecuilibration runs and also tho
analysis of equilibratced slag samples arce described in the

following scctionse

Z2¢1 MaTERIALS USED

Pure cquartz lump wore picked from a cuarxry near Delhi and
aAnalar grade chemicals such as sodium carbonéte anhydrous-
make M/S Glaxo Laboratories (India) Ltd., Bombay, calcium
oxide- make M/S Fisons, Philadalphia, UoS-A-; sodiun
sulphite=make M/S Polypharm Pvte Ltd., Bombay, India, conce
sulphuric acié~make M/S Polypharm Pvt Ltd., Dombay India,

conc hydrochloric acid-make Glaxo Laboratories (India) Ltds,
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Bombay etc. Were used for the prescnt worke

202 PREPARALTILHN CT SLaG SitlPLES
Soda=silica and lime-sodavsilica slags of differcent composi-
tion were chosen in the Na,G/Siu, molar ratio range varying

from Ce28=1sC and falling within 120¢°C isothem of the

CaO-Nagi‘:-SiOQ diagram["ﬂ ] « The different slag compositions

N

prepare and their melting points are presented in table Zele
Ze2el Purification of wuartz

Quartz lumps picked up from quarry were crushed and ground

to =48 # (tyler) sizc. This powdered silica was treated
scveral times with conceHCL anad finally vashed with distilled
water and dried to render it frece of any clay or other soluble

impuritiese The product analysed silica grcater than 997& .

24242 Blending and Mclting of Slags

Accurately wecighed quantities of purificd silica, sodium
carbonate and/or calcium oxide were used for preparation of
slags of desired compositione Thé ingradients wefe mixed
thoroughly in a hand mortar and these mix. transferred to
graphite crucibles were melted in a vertical tubular

furnacc at temperaturcs approxdimately greater by 16¢® than ﬁdci:
their respective melting points (table 2.1) in & nitrogen

atmosphere for necrly four nourss The molten slags were
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withdrawn from furnacce and air-cooleds The solidified
slags werc again crushed and ground in hand-mortar and
remelted in nitrogen atmospheree The doubly melted slags

were finally ground for homogenisatione

2+ 2¢3 Homogenisation

The powdercd doubly melted slags obtained as above and
contained in alumina boats wcrc heated in horizontal tubular
furnace at temperatures ncarly 200° bolow their noxmal
melting point for about 24 hours for their homogenisation

and for climination of carbon picked up during'meltingg‘

243 EXPERIMENTALL SET UP

Essential fcatures of the cexperimental scet up are-

a) gases, cither from cylinder(s) or produced insitu,
and their purification - to be referred as

tGas Production and Purification Unitt! hcenceforthe

b) a gas-mixer for obtaining a gascous mixture of
interest - to be tcmmed as 1Gas Mixing Unitt

onwards,; and

¢) a chamber for slag incondensed phasc, and gas
interaction under desirablce and mcasurable condi=-

tions~ named as 'Reaction Unit!'e.
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Combination of the three units foms the experimental
sct up as a whole. The three units arc briefly discussed

in the following sub-sectionss

2+3+41 Gas Production ..amd Purification Unit
The unit has further been divided into threce sub~units,
namecly i) nitrogen purification, ii) sulphur-di~oxide

purification sub-

production and storage~,; and iii) 862

unitse

High purity nitrogen, made available from M/S Modi
Gas and Chemicals Ltds, Modi Nagar, was furthof purificd
with the aim of lowering down the oxygon ﬁotcntial o tho
gase Purification train used to ramnove moisturc and lowor
down the oxygen partial pressurc of the gas is shown in

fige2elae

Sulphur di-oxide gas was, howevcr; gencrated in the

laboratory according to the chemical reaction

* H8C, = Na 80, ¢ st v H, O ces (241)

J C)
Na, Stz + H,SC, 2 0

3

in thc all glass Kippts apparatus (of 1 litre capacity)e

802 produced was stored in a tank called buffcer tankes 802

production and storage sub~unit is shown in fige2elb. 802

was purificd before it recached gas mixing unite Dctails

of purification arc shown in fige2elce
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2¢3+2 Gas Mixing Unit

For preparing thc SC -N2 gascous mixturc of desircd composi=

2
tion, a constant pressure hcad flovwmeter typce gas mixer
(modified design of what was originally suggested by
Johnston and Walkcr)l:2] was uscde By adjusting the flow

rates of N2 and 802, a gaseous mixturc of desired composition

could be obtained in this unite

an Crsat~apparatﬁs wes introduced in the line,
between the gaé mixing unit and rcaction unit,; to facilitate
rapid and frecuent analysis of gascous mixturcee aAlkaline
pyrogallol was used to find out the partial pressurc of
802 in the gascous mixturce The gascous mixture was analyscd
for SC_ at rcgular intervalse Fig.2.2 dcpicts the gas

2
mixing unite

Ze3e¢3 Reaction Unit

Details of the reaction unit are schematically shown in
fige2+3+« It consists of a horizontal globar furnacc,

capable of maintaining the tempcrature upto 14¢6°Ce

(silicon carbide furnace, Bysakh and Cos, Calcutta)s In this
furmace, control themocouple (Pt/l3'/.Rh-Pt) is placed at
the outer periphery of the furnace tube and tomperaturc is
controlled by mcans of an clectronic tcmperature controllers

(M/S applicd Elcctronic Ltd., Thana, India)le

Recrystallised alumina tube (4C mm dia and 8¢O mm long),
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comented with B-85 pyreox glass joints by means of araldite
. on both cndsy; has been usced as rcaction chambere The ends
of thc rcaction tube were water cooled by mcecans of copier

cooling jackctse

Lctual oxygén partial pressure was mcasurcd for cach
gas mixturc, by an oxygen probe (using onc end closcd
calcia stabilized zironia tube as solid clectrolyte and
Foe~TFeC as rcference clectrode)s The oxygen pressure, élongwith
the temperaturcywas continuously recorded on a 2 pen recoxder

(Cmniscribe,Digital Elcctronics Ltde, Bombay )

. Tomperaturce of the samples was measured through a
Pt/1C7. Rh~Pt themocouple, placed inside the reaction
tube by a potentiometere Temperature of the reaction

zonc could be controlled within * =“Ce

Fige2el represcntéfgbg~b%?ck diagram of thc experimental

sct-up,y described abov

O

neaan

wwh

[7896Y
et B Lt PARIRSITY O °

LA sl

Ce 4 ECUILIBR:TICN RUNS
2elyel Sclection of Cxygen Potential

Slag samples of composition NNa o = Ce199, N
')

5102: Ce769;5

[
NCaO = UeU33 were cquilibrated with a (SCQ* sz 02) gas
mixturc at 1373, 1473 and 1573K. P, was varicd from 1wl
-1 , o 2
to 1< 1 and PSC was maintained at LelO atme Figurc 25
2
shows the rclation between cquilibrium sulphur content and

P . at which samplcs were couilibratede Log Cs and
2
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log C804 were calculated for different samples at 1373,
1473 and 1573 K. Figurc 2.6 siows the variation of log Cq

SCQ with log po’J

uscd as a basis for sclecting oxygen potontial and Po‘ in

~

and lcg C at 1373 and 1873 K. This »lot was

-\ - ('
the gascous mixturce was maintained bcelow 10 9-10 8 atme

2+4e2 Sclection of S0, Potential
[
Partial »ressurc of sulphur dioxidce in the gascous mixturce

was maintained in the range of C.07=0.1C as further

2
clomental sulphur resulting in an crronceus sulphur

increasc in SC,, concoentration may causce preeipitation of

cepacity cstimation, whoercas lower SO? levels lcad to lower
content of the équilibrium sulphur diséolvcd in the melt which
may lecad to inaccurate sulphur cstimation andlhuncc thc.
sulphur capacitye
Tehhe3 Tlushing of the Reaction Unit
after intcmmittent susponsion of the ftexperiments, theo
rcaction unit was flushoed with purificd nitrogen boefore
starting actual cquilibration runse s soon as the rcaction
furnace attained the desired temperature of study, purificd
nitrogen Qas swept in tho reaction chaomboer via mixing units
When the resction chamber attained a Pe léss x’:hE:tn'l\'J“8 atm,

-
wirtlch wes shown by omyvgen Droilcs purifigd_sulphur diosxide
flow was also started and the tws gasces were mixed in the

mixing unite Gascous mizturce of the desired composition thus
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I

obtainced was passcd in the reaction chamber and actual
experimental runs could be started as soon as the oxygen
potential in the rcaction chamber was constant, as shown
by @ straight linc on the rccorder charte This process

‘of flushing nomally lastcd 20=24 hourse

oeliely Actual Equilibration of Slag Samples

arund 1 gm of slag sample, contained in a platinum bowl
wihnich was made from platinum circuiar blanks (35 nm ¢,
CelS mm thickness) by cold forming in a hcemispherical dic,
was mounted on a ccrawic boat with'a capacity 6f admitting

two or threoce platinum Dovlss

The outlet.socket and the radiation shicld were
removed and the cecramic- boat, containing slag samples was
pushed in the reaction zone slowly in 2 span of 10 minutoese
Radiation shicld and the outlet socket were rcplaced at
£hcir rosﬁcctivg positionss after the stipuiétcd time for
eqﬁilibration given, the outlet socket and the radiation
shield were rewoved and the boat was immcdiatcly pulléd in
the water cooled region of the reaction tubcee after 4-F
minutes, thé platinum bowl with slag samplc was trensfcrrod
to dessicrtore Zquilibrated slag sample was then removed
from the Pte bowl and grounds Fowdcred slag saaplc was stored

in dessicotor till it was analyscde

Flowerate (8C ml/min) of the gascous-mixturc was

sufficicntly high to avoid the phenomcnon of themal diffusion
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and upsetting the equilibrium results.

2.4.5 Attainment of Equilibrium

It was noticed that practically no change occurs in the
equilibrium sulphur content of the slag sample ecuilibrated
for 6 hours or more as shown in fig.2.7, for the entire
range of composition under consideration. Although equili-

brium could be attained as deduced from trial runs, yet all
the slag samples were exposed to gas-phase for 12 hours or

more.

2.5 CHEMICAL ANALYSIS
Raplid instrumentation techniques were applied for the
chemical analysis of slag samples before and after the

equilibria run for the calcium; sodium and sulphur contents.

Calcium and sodium were analysed at USIC (University
Service and Instrumentation Centre) by Atomic Absorption
Spectrometer and Sulphur analysis was c¢arried out at Modi

Steels, Modinagar by LECO analyser (CS OL4).
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Table 2.1= Chemical composition of slags under
consideration and their melting points
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Melting

M 4 PR No, N

NaEO 8102 ‘ NaQO 6102 Ca0 Point

] ‘ {oC)

C. 26 04205  0.795 - 1140

0.199 0.769 0.033 990

€182 0JT743 0.065 1660

Cel83 0.708 C. 109 95C

L‘-l?@ Ct 65’“ l‘cl75 110(:

CeliO Ce288  CeT12 . 825

: Ce 274 Coe 68f C.CLl 850

Coigh  0.8E C.21E 1180

e ED Ce 340 Ce 650 - 875
Ce30L  Ce£88 - G. 108 107C

Ce8l OWi56 e BLL - 1020
C.t19  C.577  C.0BL - 050

- Ge397 Gl 7l Ge12G 113C

'_ U.:JL{S Go[.}.lO bi‘?35 1180

1.03 - CsEO8 (ORYIRS b - 1085

' CeL70 CeLRE CeQ076 1025

o e e b o
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Table 2¢2~ Equilibrium sulphur content with varying
oxygcn partial pressurc in gas-phasc

Composition of slag 2 NNaEO = o199,
Ngjo, = ©*769s Nppp= voC33
Partial pressure of 802, Pge = Cal9 atm
Tempe =137 3K 0 |
N ‘ : : ]
P §Wt./.s } logpy, i logW . log Cg | log Cg.
2 ; : 2 : . , N
=11 Y | - . ,
6'54Xlu_lo CeH0E 'lUOl84 ‘uvll? L 4T3 15.905
1e08x1C_ 10 Lel165 ~9.775 Lo 783 ~l1 v 304 15415%
2.7‘\;}(1() - ;568?1 "9- 569 ‘l.(.86 "’/.;,-388 1/407[.1‘.9
3:467x18_¢ Cel295  =6a46C  ~1e53C . =Cel7C 1275
1.778x10_5 CeCb2L ~Be75C ~1le20E le220 lze72C
102(‘?3{1(» ;0174\.1 "["4092\‘} "\.4.759 2‘0910 12-740
Temp. = 1473K
547 5x18] 5 CeBoz =0u2hC  ~CeB2e | <he?7C  14e21C
lo/_g.l}ClL’_g &'\.‘8:2 "8085\'; "l-\,‘su "‘L}OZ[{.'\; 13046\'
3el xlc_6 cel B9 ~8eL0C -1.511 =L o130 12.85C
l '8 2}{1'\;:_ 6 ; 0\_‘398 - 5-7[.[.\.: - l o:.’.:.;-b “e lLL]. llt 58\;
6-l7xlb~5 e 084 -5+ 210 -1.156E 1.13¢ 11.85¢
3.16x1C ~e1B7< -l o BCU ~ 8L Ze 5OC 1leD6C
Tempe. =1573K
6-17xlo_6 v eu933, ~8a el -1.C30 -l e B 12.37¢C
3463x10_ ¢ Cel 309 =5l ~1e51G ~v e 370 1v e B1S

Be75x1v * uoll9L ~l e 24T *Co92& Zew 1l 131495



59

CHAPTER - 3

SULPHUR CAPACITY OF THE SYSTEM Na,.0-SiO

2 2

This chapter is devoted to the experimental results and
diséﬁssion for the binary Na20~Si02 system. The results

of the present investigation have been analysed and compared
‘with the existing data'on the binary silicate systems as

‘well as soda silica slagse

3«1 RESULTS

Soda-silica slags of varying Na2O/SiO2 molar ratios, namely
0426, 0:40, Os5Qs. 084 and 1.03, were equilibrated with a

gas phase of désired partial pressures of oxygen and sulphur
‘dioxide at 1373, 1423, 1473, 1523 and 1573K. As has already
been pointed in Section Z«4-10f the previous chapter that the
peak (or the break-even point) between. sulphide and sulﬁhate
- equilibria shifts to the higher oxygen'potentialsbwith the
increase in temperature of chemical equilibrium and*ﬁherefore
_the oxygen partial pressure durimng the experimental Yuns,

11_10"8 atm. sSulphur

was acéordingly adjusted in the range 10°
dioxide content of the gas phase ranged between 7-10%. for

all equilibria runs, as sulphur di-oxide content beyond 10%.
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in gaseous mixture of N,,80, and O, might result into precip-

itation of elemental sulphur.

The experiméntal'observations during the equilibria
runs as also the equilibrium sulphur content of the equili-

brated slag samples are reported in the columns of tables 3«1-35.5.

3¢2 CALCULATIONS

The oxygeg potential{ p02, in the gas phase was calculated
from the emf data obtained with the help of oxygen probe at
different temperaturessThe emf E(millivolts), is related

to poz'as given by the following expression

E = SF 1n (p /po ‘ ses (3.1)

where R-the universal gas constant (Cal Kfl mole"l), F~ the

Faraday's constant (Cal/mV), n- the number of electrons
participating in the reactidn, poz- the oxygen partial
pressure (superscripts I and II refer to reference and
the reaction media respectively) (atm), and T - the absolute

temperature (K)e

Substituting the values of constants appearing in ege3el,

one gets the expression,

-2

E = 2.154x10 .T.ln(p /pI ) eee (3el1a)

which on rearrangement of various terms is modified to

p(I)I = po xp<__5_6_;é_+gg_) cess (3.2)
-2 2
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where pé = the equilibrium partial pressure of the Fe-Fel
2
system (used as reference.media in the present work) at the
temperature of oxygen probe, is expressed [93:], as
I o
Pg = exp(- 624T 68 + 14996) - see (3.3)
2 .
Partial pressure oxygen in different reacting gascous

mixtures, pél, calculated using eq.3.2 are tabulated in the
2

columns of tables Jel=3e5

Further; to calculate the partial pressure of sulphur, Pg

2
following equilibrium reaction was considered,
) 15 40, = 50 ces (3el4)
272 "2 2
for which the equilibrium constant, K7, is given by the
expression
psc>2 |
K7 = 1/2 o (305)
po ’ps .
2 2
Rearranging the terms in eqge3e5 gives,
: 2
pPg = (pgg /Py *K-)) ces (3e52)
82 802 02 7

BEquilibrium constant, K7, appearing in ege3e5a is calculated
for the temperature of interest by using available thermo~

dynamic data [9%],

Kv’= QXp(qzsg?\.969 - 8.7107) so e (306)

Partial pressure of sulphur dioxide is calculated by
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analysing the gaseous mixture for 802 content and is given
in tables 3e¢1-3+.5¢ Subsequently sulphur potential

in gaseous mixture is calculated with the help of cde3.5a.
These calculafed values are presented in the column of

tables 3.6~3.10 for corresponding gaseous-mixturess

Sulphur capacity (or the sulphide capacity, since the
conditions were maintained so as to promote formation of
sulphide), Cq; defined earlier by Fincham and Richardson
as,

] VER
Cg = (Wte¥eS)(pg /pg ) : eve (3.7)
2 2
Cq is then computed from the alrecady calculated values of
oxygen and sulphur potentialse These values are averaged
for respective slag compositions and temperaturese CS and
the average sulphur capacity (AVCS) are given in tables 3e6=~

3+1C alongwith the logarithm of Avcs(log CS)-‘

Results are plotted in terﬁs of log CS as functions
of Na20/Si02 molar ratios at different tempceratures (of study)
and reciprocal of absolute temperature for Na20/8i02 molar
ratios equal to 1/3, 1/2, 2/3 and 1 in figse3.1 and 3.2

respectivelye

3,3 INFERENCES AND DISCUSSION
Figure 3«1 depicts a marked effect of temperature as well as

the composition on sulphur capaicty of soda=silica slagss

Logarithm of sulphur capacity increascs lincarly with

increasing molar ratio of Na20/SiC e For 1373, 1473 and 1573K,

2
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relationships between log CS and molar ratio of Na20/8i0

may bc
log CS
log CS

and

log Cq

quantitatively expressed as follows,

n

[}

L

-1.,286(N’N62C/N8102) +5.C66

-lfBIQ(NNa20/NSiCQ)+u.894

"1’329(NNaéc/NSic2)*4'779

6l

2

see (308&)

eee (3.8b)

e e (3.8C)

Increasing temperature of equilibration also amounts

to the increase in sulphur capacity. From fige3s2 onc can

arrive at following relationships between log Cq

absolute temperature for various NaQC/SiUE molar

namely 1/3, 1/2, 2/3 and 1 respectively,

Present data

thce gas-slag

1

for which equilibrium constant, K

log CS = é&%ﬂl—ﬁ + 2.0C61

log Cg = 224000 « 1,776
log Cq = 341%'770 + 1.716
and

log Cg = 2522412 4 1.5

2~y 1 2~
82*(» ) = 02+ (s¢7)

2

8

equilibrium given by eqeleS as

and

ratics

eve (3’9&)
see (3.9b)

see (3+9b)

ees (3.9a)

could be analysed qualitatively by considering

see (1a5)

, under the assumption that
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sulphide ions in slags for very low sulphur levels follow
Henrian behaviour and Henrian activity coefficient can be

taken as unity, may be written as

(wt.?7.s) po, 1/2 .
Kg = 3 {5 eee (3,10
0® TS

Hence sulphur capacity, Cqs is represented as

where ap2- is the oxygen ion activity in the melt and is
equal to the activity of basic oxide in thé binary silicate
systems. Therefore;, it becomes apparant that'higher basic
xide content should result into increased number of free
oxygen ions, increasing thereby the oxygen ion activity and
hencé, the sulphur capacity of slag. However, the linearity
of log Cg versus Na,y0/Si0, molar ratio is only empirical
and may be restricted only to the composition range under
study,
Qualitatively, increasea sulphur capacity with increasing
temperature may also be aréued with the help of eg.3.11l; which

can be written as

.

log Cg = log K8+ log aoz_

n

2,303~ - 5 )
- -—%—3[“_(AHl—’I‘ASl)—(ASl)-(AHNa T8 o) ]

2 2

. _2‘3_13 - x ..,'.3_12 C — =] - =
BT (AHl AHNa o)+ &) (ASl ASl ASN 20)
[ N (Bolla)

2
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Since AHl and AﬁNa»O can be taken as constant,
.2
over the temperature range under consideration, so log CS

versus 1/T plot should be linear as shown in fige3e2e

Further, since AﬁNa.C is expected to be strongly

2
negative because of strong soda-silica reaction in the system
under study and AHl may be slightly positive, hence the

slope of log Cg versus 1/T lines at various Na2C/SiC2 molar
ratios is expected to be positive, which is found to be

true from fige3eZe

Aely COMPARISUN WITH CGTHER BINARY SILICATE SYSTEMS

Figure 33 represeﬁts a plot of logarithmic sulphur
capacity as a function of basef/acid molar ratio for diff-
erent binary silicate systems {tcmperature is indicated
inside brackets against each system) including the present

WOrke

Position of Nazu-SiCZ, system under present study,
above MgC-SiCé and Caﬁ-Si'c-2 even at lower temperatures
could be justified by conside;iﬁé a basic oxide-silica melt
of orthosilicate compositione Basic oxide activity (aBO)
may be roughly indicated by the heat of formation, which has
been compiled by Ward {8 ] « Approximate values of heat
of fomation of orthosilicates with iron-, mangancse-,
magnecsium-, calcium~ and sodium-oxides arec =9.C, =118,

~15e1;%29¢8 and -74.9 KCal respcctivelye. The lower the

enthalpy of formation of orthosilicate more stronger the
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basic oxide is bonded to silica and hence lower the value
O0f activity of basic oxides Thus it could be emphasized
that at orthosilicate composition Ape0 ) aMg0>'aMno > qca0 )
aNa20° Furthemmore, because of higher reactivity aNa‘Q(<aCaO
in their respective binary meltse. Inoue and Suito have
plotted A, versus mele fraction of Si02- After due
temperature correction is applied; it is expected that the
activity of Na20 will be lower than that of lime by one or
two exponentse It has also been shown [BJ that sodium ion
has a deéulphurising power greater than calcium ion by a
factor of 1070 and hence value of K8 for the gas~slag
reaction (eqelss) will be appfoximately lO3 times more for
Naéo in comparison to lime-silicate meltse Thus the product
S-a . from ege3+2 will be more and hence higher sulphur
capac1ty values of soda~silica syotem- Similarly it may be
argued for Mg0~6102 and 1 \TaZO*bJ.O2 systems toos

stem
In Mn0~8162, although the value of K8 is lower by a

factor 2+34x10 - in comparison to Na2O-SJ,O2 systems Yet,
since Ano is far far greater than 3507 the overall effect
on the product K 8 o is not very much significant, there-
fore, the differencc in the sulphur capacity values of the
two systems, under present discussion, too is not very mwuci
marked when they are brought to the same level of temperature

and compositione
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3.5 COMPARISON WITH PREVIOUS WORK ON SODA-SILICA
SLAG SYSTEM

The reported work on sulphur capacity {80,84,85] of

Na20-8102 system along with the results 0f the present
investigation are plotted as log Cg versus Naeo/sioz molar

ratio in f£ige3e4.

In the above mentioned figure it is observed that
the nature of the plots is somewhat identical in all the
cases; isce the sulphur capacity increases with increase
in molar ratio, Na20/8102 and tennerature of equilibration;
yet quantitacively the resules of the present investigation
are not in good agreement with those of Denier'[Bg] 5

.
and Nagashima and Katsura L80} .

In the work of Bahout et al { 83| the experimental
condition employed in gas-~slag rcactive systeme Because of
air-borne éoda injection, it is doubtful to achieve }ower
oxygen potential so that only sulphide would fomme It is
likely that in their experiements, sulphates, sulphites
and pyrosulphates might have been formmed as side- reactions
alongwith sulphides. This would lead to higher content
of sulphur dissolved in the slag and may lead to higherx

values of estimated sulphur capacitys

The discrepancv in the present data and that of

Nagashima and Katsura [86] could be accounted for to the
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upsetting of their equilibrium sulphur estimate owing
to the formation of NalCH by the reaction of soda with
water vapour and also because of the loss of sodium due
to vaporisation specially at higher mole fractions of

sodium oxide.

Present data is in reasonable agreement with those
of Inoue and Suito [Bd], but however small quantitative
variation in their data may be due to the contamination
of slag samples by MgO; graphite and A1203 first two of

which were used as the materials for crucible and the last

for stirrer respectively during experimentation.

Presence of other cationic species is expected to
change the behaviour of slag as regards the sulphur transfer
from metal to slag is concerned. This has been discussed

at length in Section 3.4.
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Table 3«1 Sulphur Equilibraticn Studies in Binary Soda
Silica Slags at 1373 K

Ber—— i Sy e e -

e Samnle tmbxygen pote?fial in gas phase Pag WY S
Nat slb2lNUmbGr }emf(mv) | Tompa (K) Pe. (atm.)l 2 '
1 S Ad-Y

C e . ‘ o =11 R
CeliC ng 526 993 7+99x1C C. 0840 Ce 3CH
BS, 526 . 993 7.99x1C7H g 333
 BS, 529 993 9e2ox1¢7H oalcc ©e286
Ce52 - BS, 531 993 1.¢12107° ca100 Coli 28
BS), 536 993 1.28x1¢” 1 c.092 e 257
Ce8L 555 536 993 1.28x10“19 GeCY0 Ce631
BS, ¢ £29 993 1.48><:Lc'lU C.CRC Cul/s8
1,0% BS 546 993 2eax10"10 c.09g G592
BS;; 546 993 2.c4x107%¢ cucge cumse
BS)q BL4G 993 2.c4x1¢710 L0090 CemyE
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Tablc 3e2- Sulphur Equilibration Studices in Binary
Scda Silica Slags at 1423 K

Th

pa—

MN / 1iam}p.‘}.c _ Oxygen potential in gas phasc Peo ;Wt. A

a0 WOCE ome (V)i Termp- (k)] pC, (atm) 2 |
=11 .

Ce 26 3519 514 1013 9+82x10_77 Cs07 Cs 519

ColiC BS o 518 1013 1.18x10:ig Cal7 C. 556

BSZZ 518 1013 1.18x1C_74 C.C78 C. 518

Bsgg E18 1013 1.18%10 0.078 ° Ceb24

Ce 52 BS,, 522 1013 1.42K10010  ©.0B0 Ca707

Bsgg £22 1013 Le£2x10_ 70 0.C8L C.717

8829 El4 1C23 1.45x10 Cel8L Ce 745

0.8 BSs, 508 1023 1.09x107 70 0.07C 2484

BS35 508 1023 1+09%10 C.C7C 2.E570

1.03 BS5 ¢ 515 1623 1.56x10:ig C.Cgc 2.820

BSZ¢ 514 1C23 1 56x1C_7¢ 0.08C 2.860

37
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Table 3e¢3~ Sulphur Equilibration Studies in Binary
Soda Silica Slags at 1473 K

Mya O/NSiC . Sample

Oxygen potential in gas phase'

S
PN . p E.Vqto ./' S
2 2 Number . e et e s v et 5 S !

: - emf(mVv) ' Temp(K) pOz(atm) S

Ce26  BSgg 52c 1043 3.84x10010  C.07C  C.222
B8 55C 1043 3484%10 CoCTl Co237

ChC B 525 1043 4agoxlCIIC cac76 ca2Tg
CaB2 BS, . 528 1043 B.4Bx1CTIC €.CGC  Cu3C9
B 17 528 1C43 5e45x10_7¢ C.C76 €206

0B 35, 53/, 1643 7.16x1C11C  ©.08C  C.E75
.03 Bs, 540 1023 LabxICTIC CeC72 LeE9D
BSOZ B0 1C23 beGhx1O]Tg €78 1720

BSLY 54C 1023 b eb4x10 0.C78  1.59C

(&



Table 34 Sulphur Ecu111brlum Studies in Binary
Soda Silica Slags at 1£23 K

S

Na ¢ Slog’Numocr'

v o, v v ) g 5

O

CGQQ

Ce 52

<gh

1.C3

76

| Sample | Oxygen potential :m”’c}éé"ﬁﬁé"sﬁ’; '"S""'“ ",;?t. i'. S
Gml(mV)! Temw(:( pS, (atm) Yo
BS, 512 1073 TeSgXICII0 CeCO Ce29T
BS.¢ &12 1673 7.:0x1» o Ce08C LlBlE
BS 512 1C73 7. 53x1CT T CoCTL  Ca276
B8, 517 1073 942x1CT5°0 CuCTC CazSl
b861 52l 1873 leloxlC U076 Ce2C3
BS 552 1073 1.8CxIiId Gelgl Ll
6 < L Cxll CelHu CelOL
BS/3 55d 1673 lonXlu boigé C-l%9
ok - ) 9
BS¢g £33 1C73 2.34x1u Celf6  Cul119
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5SS £4g 10E5 L 5oxL0] 5 SeGe 2a119
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Table 3¢5 Sulphur Equilibrium Studies in Einary Soda
Silica Slags at 1573 K
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N ¥
Na2

Ce 26

CeliC

Ce5C

Ce8l

1.C3

[N
C 8102!

Sample |

Cxygen potential in gas phasg

|

BS73
8577,

BS

76
BS

77
8878
2579
2379
8882 |
535

OO
BS88
i
BS92

Number} amf(ﬁv)i

B

538
538

8.0
B4 5
E45
5858
EEQ

558
562
562
567
552
£52

586

10693
1C93
1093
1093
1693

1863

10563
163
1063
16563
1863
1863
1863

1043,

Temp{K)

A

C ( ) pSCZ ‘Nto ./OS
pC,(atm .
Leli2x1CT?  CellL  .CaCT39
Lely231C 7 Ce13C  TeCT46
4.82x10:9 Cel0C 926
5o'96XlC_9 U-C9£; bci}()g()
4.c3x10:g CelCC  Cel72C
4el3x1C” 2 Ce0O4  CalBlL
Le03x1C 7 TCL UYL TUelB7e
4.8Cx10:8 C.COC  Ce351C
lI.gi.;le_ C-C9C Co 3430
5e 97x1C Col8L  Ce2343
3.10xlc:8 Ce-8l L.C3LL
3069318 CeOL Le837C
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Table 3.6~ Calculated Values of Sulphur Capacity
of binary Soda=Silica Slags at 1373K

,NNa

ZO/NSiC

. e b e be s - e b

Q440

veb2

Co8l

1.C3

Sample ]
5 Number

P
s

. 1C
xlc

2799
Ca799
04922
1.C10
1.C10
1e 268C
128
1.48C
24040
24048
24C4C

v

e, o

1.0gx1C 2

l-ZQxlO_Q
1.15x1C

3
3

24630x10_
Do 67 1x lC_
2¢560x1C

Lo LhLx1C,
Le332x10_
4eG9x10

Le8lx1ET2 1eC26x10T
2:86x1C 7 1.019%1C
2426%1eT2 14779x1C,

loﬁ)lxl&_3 1.767x3¥C_
1491x1C 7 1.783%10

94 56x1C_
0 5OX1T_
50L0x1C

g
9
[
(54

5
5

5

[

(]

L
L

4
A
L,

24620x10"° ~Lye EGC

Lo 2752102 ~44 370

102251074 ~3.90¢

1.776x1 "4 3,750




Table 3.7- Calculated Values of Sulphur Capacity of

Binary Soda~Silica Slags at 1423 K
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f {
o safﬂple p 1 ! i . .
Nya /N81b Number| = 92 S, Cq g avCg log C,
"2 2 | x1019) | .
C .
Ce2b BS; g ©Ce982 4e63x1C_5  2.39Cx1C 7 . (1= 5 "
BS%E o 982 /.|.-63Xlo 2 .qux =5 2 399‘ 1 A 02
A - ~2 ~=E
u.[{.cf BS 1e 180 De 21}(10_ - . 3 373}\1\4 -r
BS22 1,100 3.98xl0.< 3+ 36410 2 3.378x170 -7
Bsgg 1.15C  3.98x187¢  3.397x10" 0
Ce5D BS,; 1420 2.89x1C 2 4.9u4xlt_§ e m
- LS 1428 2.89x1C_ % BeoLxICE  BeliBxIC “lye 3
53 L1430 3e14x1CT % Bal31x1C
;.8L§. BS l lo ,\,96 3 76"1\:‘2 10368}{16:2 10376le 4 ‘3.86
BS§2 1.9 3. 76310 © le384x1C
1003 BSBG 1o 56( (o[.{.\-Xlu g 2e 27Q}xl\; 2 . \"L[. - .
BSBE’ 1eB6C 2e4ixl 5 Do 3v7xl\, -4 20 293x%1C ~35e 5L
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Table 3.8~ Calculated Values of Sulphur Capacity of
Binary Soda~Silica Slags at 1473K
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| sample |Pg |
Nya S/JSiL Number | pS, Cg avCq logCq
2 2 ixlolo
- - -~ =
o2t 3859 De8h 2.42x1C7%  S.T9EXICTE  24809x1CT° <heS5
BSp7 e84 2.7Cx1CTE 2.g22x1CTY
- -
BS!]  4eBC  Leg3xiCTZ hufohlcT D HenOxIO o35
o 5D BS, . 5048  155x1C02  Bagi3xlCl g .
3527 Bebf Lo4ixICT 2 BeQELx1C C Ee782x1C70  =n.o4
B b8 TehiICm2 - son o=
848 5 L‘-U 7 Ll-\-u;l\r < 5“093le 5
- . oy ch
o8l BS 7416 9-l£xlu_3 l-él}xlC_% leb22x1C © =379
B 52 7e16  9.1Cx1T°  LebBoyaic
1.03 BSg, heSh  LT6xICI2 2uspmdll) e
BSgz  LeOh 2.00x1e 5 2.881xIC_ 2.867x1C ©  =3.59
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Table 349~ Calculated Values of Sulphur Capacity of
Binary Soda-Silica Slags at 1523°K

Sample; po, 3 l .
N ‘ ! : »S C 1 ave
\Ta20/ Sil |Numbcr1 «l Olo 2 | S , S
oo 555 7.5 5.67“1» 2 3y 310 2 . ,
5'; 7058 67}{1’ 2 jo :27le_u 30471}{1@ * “Ll-o-/-{-’»'D
| 3357 T Le3bxlCT2 . B LEuxlc S
Calic 59 9eb2 2.81x1C02  Ba32pxLl .,
BS 11. 2C  De BLI-XlC 5e 2\):’)}{1(, v 5e 266?&13 ~ -4-20
5D 63 18408 1.c1xlc:§ 6o hCx1CT " .
B8y, 18.0C l.clidc]é 7AELACTY 7.01LT <415
b866 2344 GeBTxIC q be 9L 3x1C
Cogh  BS., L52C 2. 49A1c' 1.8¢Bx1C .
*vs,g 5o 2.01d¢03 LI LBLaxTH =37
L5e2C 24 lelc 1+856x1C"
-3 =l
1. CB 58 080 1. vg.{lb > 3 . 277}{1v_ - _,'\"Ll- - ¥
Bs7l R 1ecOx1CT0  3.3u7xlod OedlaxIc ™ =34
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Table 3¢10~ Calculated Values of Sulphur Capacity
of Binary Soda-~Silica Slags at 18573°K

'Samplet Pg ' A ‘
Neo o/ Ysse mumbord I pS C AvC logC
Na2 SlLZ §umbor§ xlOloi 2 S S S

Ce 26 BSys  L4e2 L. 61x1c:§ 3876x1C7 2 3.8%x10°°  =4e4l

857& Lie? 1661310 ¢ 3.913x1C ©
- ~

Coli® BS,,  4ge2 L. 35xlo_§ 5e 533x1C7 2 e
BSpo  59.6  7.81xlilz  E.460x137; 54 5C7%1C -1+ 26
BS74 59¢6  7481x1CT7 BlE2lxli Y

CeB2 BS;g  4Le3 L93xICIS 7.88hxIC]] S
BS(]  4Ce3  L.71x1CT5 7.821x1CT7 74767x1C ~4ell
BS82 Lie3 1e71x1C 7626x1C

CB BSy. Ggec LLwailZ i) 9
BSag Lget l-lﬁxli_g 2e26221C_ ) 20 29%1C =354
B888 59«7 Ge2lxlC 2¢293%x1C

1.C3 BSyg 3l 2 30x1e:§ 3. 77Tx1C "
BSR4 31eC 2-3:&{10‘_ 30656}{13_4 3e718x1C =343
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CHAPTER ~4
SULPHUR CAPACITY OF THE SYSTEM
CaO--Na20~-SiO2

This chapter deals with the experimental results and their
discussion for the ternary CaC--Na20~-SiO2 systeme Results of
present investigation are compared with the earlier work

on this system and other termary silicate systemse

4Lel Results

Lime-soda-silica slags of varying NaéO/SiOE molar ratio namely
Ce26; Cel40, 052, Oe84 and 1le03 were equilibrated with

gaseous mixture of sulphur dioxidefoxygen and nitrogen having
desired oxygen and sulphur dioxide partial pressures at

1373, 1423, 1473, 1523 and 1573K. Oxygen partial pressures

1078

during the equilibria runs was‘adjusted in the range 10~
atm and sulphui dioxide concentration varied in the range of

7=10% .
The experimental results of the ecquilibria runs along

with the sulphur content of the equilibrated slags are

reproduced in tables Lel-L«25e

4«2 CALCULATIONS

Method adopted for the calculation of sulphur capacity is
similar to the one already described in Section 3«2+ Calculated
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values of the sulphur capacity, average CS and log CS are
reported in tables 4+26 - 450 corresponding to the results

1

given in tables Lel=Le25¢

Lte3 INFERENCES AND DISCUSSION
Logarithm of sulphur capacity has been plotted as a function
of mole fraction of lime for different molar ratio of
Na20/8102 under considerations These plots, at different
temperature of study are shown in Figselel=l4eS5e From these
figures it could be observed that

a) lime additions increase sulphur capacity at

constant NaEC/SiO molar ratio,

2

b) variation of log Cq with It is very sharp initially

Cal
upto approx. O'lNCaO and the curve gradually flattens

with further lime additions, and,

¢) variation of log Cg with N._. becomes more pronounced

with increasing Nazo/SiOE.at constant lime lcvelse

These observations could be explained on the basis
of eqge3e1l, which states that the sulphur capacity of a slag
is equal to the product of two functions, namely, the equili-
brium constant and activity of oxygen ions in the system. Thus
to explain the effect of lime additions in a melt of fixed

Na,C/siC, ratio, variation in both the functions, described
c

2
above; should be considered. For the ternary lime~soda-silica

melte the equilibrium constant can be obtained by the following
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lationship proposed by Flood et al Blﬂ,

SN x . J.x‘]_ ' . Y
100K’ = Ncaz. 'logKCaO'NNa' .log KNa20 eee (4.1

nere NCag* and NNd+<" are the electrically equivalent

2+ and Na+ respectively in the melt. It may

:ractions of Ca
)e pointed out that eg.4.l is applicable strictly to regular
solutions, however, it could be applied for other cases also

to draw qualitative inferences,

As sulphur capacity of Na20 is known to be approxi-
mately lO3 times that of lime, it can be concluded from the
ec.4.]l that addition of lime to the soda-silica melts will
lower the value of logK. This decrease will be more for
melts containing higher Ca0O, The variation in Ngao as a
function of N, . and Na20/8i02 ratio, designated by X,

may be expressed as

N
o = cao :
Cao - l + X NC L X 2 (alg)
a0

The above expression shows that for a constant value of

x ) ] >
NCaO’ NCao will increase with decreasing X. Hence; for
higher values of X, the value of log K shall be lower for
‘the same lime concentration but it may be pointed out that

such changes in log K for small Ca0 content shall be small.

Let us now analyse as to how the activity, ao2- will

vary. First the addition of Ca0 in the melt of any Na20/8i02
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molar ratio will increase the total base content of the melt
and thus increase its basicity and hence the acﬁivity of
oxygen ions., Such an increase is not expected to follow
Raoultts law as slags form strongly interacting systems., The
question thus arises as to how the activity of lime and hence
that of oxygen ions shall vary. As limited thermodynamic

data [iOQ] is available on the system NaQO-CaO-SiO2 except

for the phase relations, one has to take the help of similar
systems for cqualitatively arriving at the trend of variation
in activity of lime. As sodium oxide is a stronger base than
lime, s0 the present system consists of a stronger base- CaO-SiOQ.
Other similar systems on which reliable thermodynamic data

is available are Ca0~Fe0~510,;, CaO—MgO—Si02 and NaQO—PbO—SiO2,
In these systems FeO, MgO and PhO are the weaker basic oxides
than the other basic oxide in corresponding systems, In

figs. 4.6 and 4.7, the activity of FeO and MgO are plotted
against their mole fractions for different CaO/SiO2 ratios.
These curves show that in both the cases Pe0 and MgO, the
weaker bases, show strong positive deviation from Raoults

law. Further, this deviation is more pronounced as CaO/SiO2
molar ratio approaches 2/3. Similar behaviour is also shown
by PbO (Fig.q.S}. Though in Llhis case the complete thermo-
dynamic data is not available, Thus it can bé concluded that
lime in the present system will also show a similar behaviour,
and hence the term a02~ will increase sharply with the

initial addition of Ca0 resulting into increase in sulphur
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capacitys As the amount of Ca0d is further increases in the
melt, the positive deviation will become less pronounced and
extent of decrease in K will be higher and thercfore the

rise in Cs value will be less pronounced. The sulphur capacity
of such melts reaches a maximum value after which further

incrcasc in lime concentration may even cause a decrease in

sulphur capacity for definite Na20/8i0 ratio (s)

2

To study the cffects of the soda replaccment by

)

lime, log CS is plotted against a function NN
2

a0 Mya 0 Nsi0
2 2

for various limec concentrations at 1373, 1473 and 1573K and
reproduced in figse4+9=4e.1le An cxamination of thesc £igsef«9-

Lell revecals that for constant Na20/810 molar ratio and

2
hence constant valuc of the function NNa'O/(N * N .. )

P Na20 SJ.O2
log Cg values increase with increasing lime concentrations
in thc melt, in the composition range underrstudy- Various
lime concentrations chosen for plots in figs-4-9~hoil are
in the rangec of 0«085~0.25. This could be explained from
Cqelie 2, in which at constant NaéO/SiO2 ratio or censtant X,
Ngao will increase with inqreasing NCaO resulting into an

increasc in the overall value of logK and hence an increasc

inthe sulphur capacitye.Further with increcasing lime content,

value of a 4.
0

the plot, of log Cg vs NNahO/(NNa or N ) would incrcases
P4

and hence, at increasing lime content, slope of

5 SiO2
This has becen found true in figsefeG=4elle

Silica cffect is also studiced in terms of plots of
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- T ) 'I
g as a function of h aZO (N

silica concentrations in the range of O-50~0- 5, at 1373,

log C Naﬂ0$ NC 0) for various

1473, and 1573K and are shown in Figselelo=4e1le These

plots reveal that with increcasing silica éontent, the sulphur
cavacity decrzasese This cculd be explained as that d&créase
in silica concentration would cause an inérease}in'ihe basic
qxide cohtent or the basicity and hence increase'in'bxygén
ion activitve Equilibrium Con5£antg howevers rémaihs ﬁﬁ-
altered with varying silica levelss Thercforo ﬁhe ‘pbrbduct

X abz_g as shown by the ege3+.11,; will also incrgase‘résﬁitingA
into an increase in sulphur cgpacitys One can aiso obééfvc
jthat with increasing Qfa o /(i Na O+ w ) ratio Orﬁdeéreasing

‘Ca0 addition; the sulphur capa01ty gradually decrcas

beyond a value of Noa 0/(\1Na 0+ N ) equals to 0'8 “and

Cal
flnally approaching to the Cs value of blnary SOd&*SillPa
1_melts,w1th same 8102 mole fractlon as that of the ternary-

| This trendrof variation 6£ log C with Ny 20/(NNa 0 WCaO)
.»ratlo has already been discussed in the foregoing paragraph
‘wbere effect'of lime replacemnent for soda was'eXplained.

With the help bf figsehel-be5; logarithmic sulphur capacity
at different temperatures of stud¥ in CaO-NaZOQSiOé sjstem is
plotted on temary composition diagram and ié reproducad in
figsels15-4.19. In these figures broken lines show the
is0~sulphur capacity contours: whereas heavy dash lines
indicate the ligquidus range at the temperature under consi-

derations Contour of lower log CS value is observed near the
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— —— LIQUIDUS
AT 1373 K

Cao

_____ 1SO-SULPHUR
CAPACITY
CONTOURS

Na50 05 06 0.7 0.8 0.9 $i05

F16.415 LOGARITHM OF SULPHUR CAPACITIES AT 1373 K IN
Ca0-Na,0 - Si0, MELTS.
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Ca0

— —— LIQUIDUS

. AT 1423 K

1SO-SULPHUR

CAPACITY

CONTOURS

\ap 0

0.9 Si09

0.8

0.7
Nsio, —

0.6
FIG. 416 LOGARITHM OF SULPHUR CAPACITIES AT 1423 K

0.5

MELTS .

IN CaO “NGQO - SI02
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Ca0

— — — LIQUIDUS
AT 1473 K

~——- [SO-SULPHUR

CAPACITY
CONTOURS

—
ot e

—-—
—
—

Na,O0 0.5 0.6 07 0.8 0.9 Si0,
Neio, —

FIG. 417 LOGARITHM OF SULPHUR CAPACITIES AT 1473 K IN
Ca0 -Na,0 - Si0, MELTS.
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Ca0 ——— LIQUIDUS
AT 1523 K

————— (SO -SULPHUR
CAPACITY
CONTOURS

NapO0 0.5 0.6 0.7 0.8 0.9 Si09
Ngioy —=

FIG. 418 LOGARITHM OF SULPHUR CAPACITIES AT 1523 K IN
Ca0 -Nas0 - Si0, MELTS.



107

——-— LIQUIDUS
AT 1573 K

~——=—— 150 SULPHUR
CAPACITY
CONTOURS

0.9 5109
NSioy, —

FIG.419 LOGARITHM OF SULPHUR CAPACITIES AT 1573 K IN
Ca0-Na,0 - Si0, MELTS.
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cornere As we go away from the silica corner, contours of
higher log Cg values arc observed. At constant lime content;

contours of higher sulphur capacity shifts towards Na20

corner whereas at constant Na20 concentration it shifts towards

lime corners As is evident from the shifting of contours
towards silica corner, it could be emphasised that increasing

temperature has a positive effect ons sulphur capacitye

To find out cmpirical equivalence of lime to soda,
log CS values arc plotted against a function of the type

: Neao¥ ¥ Nya o

~

<

.NSiOQ
as shown in figse L.20~L4.22 at temperatures 1373, 1473,

and 1573K by giving different integral values to Y. By
trial and error; it is obscrved that a value of ¥ equal

to 1.5 gives a besﬁ_fit of the experimental data at tempera~
tures of study- Empirical relationship betwecen log CS and

(Nca0+ Y NNa 0)/NSiO could be expresscd as follows,

2 2 -
l‘SNNazo * Nea0 )
log Cg = 1.233(: T ) = 4943 soe (L3
3102
l’s‘NNaZO * NCaO : o
log Cg = 1.352( Wgro ) ~ 4+933 Ceaellelt)
. ),
1«5 NNQ20+ Ncao .
and log Cg = 1.163( Norg ) = 4493 see(l4eB)
, i0 S :

LS

3t 1373° 1473 and 1573K respectivelye Thesc expressions arxe '
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lOg CS

-5.0 l : |
0 1.0 2.0

(Ncao +15 NNazo)/ NS\OZ
FIG.4.20 PLOT OF log Cg vs (Nggqg +15 Nyg,0 )/

Nsio, AT 1373 K.



_3_0_

log Cgq

-5.0

]
| 1.0
(Ncao +15NNgy0?/ Nsio,

!

2.0

110

FIG.4.21 PLOT OF log Cg vs (Ncgg *1.5NNg,0 !/

N5i02 AT 1473 K.



lOg CS

-5.0

1
1.0

2.0

(NCaO +15 NNa2O)/ Nsio2

1

F1G. 4.22 PLOT OF log Cg vs (Ngqg +15NNg,0)/

NSiOQ AT 1573 K.,



valid'for the system studied in the present investiga-

tione Tempcrature'too affects the sulphur capacity valuecs
significantlye Howevor; basic naturc of curves remains the .
sames Increase in temperaturc of ecuilibration results into

an increase in the sulphur capacitysas shown in figsele 23-Le 27,

L4el4 Comparison with Other Ternary Silicate
Sy stem

Richardson[jé] hévc shown that for silicate mixtures having
differont cations and fixed mole fraction of silica, the .
ecquilibrium constant, Kgy for sulphur equilibrium between
gas and concensed phase can be exprcssed by the following
rclationship in tems of molar‘sulphuf capacity Cé, |

1/2 | |

H .

N (pn /o ) ‘ | B
s 078 | o

H

Kad o | o .
G~ 2= - |
O )
Y 2‘. . s v (4'6)
s ‘

I

which, for a termary silicate mixture having two differcnt

»

cations X2” and Yz* may bc rewritten as,

log C;(X?+y Y2+) = N log Cé(X2*)+ N »+1og Cé(Y2+)

L2 2
cee (4063)
. ( Nxo , Ny |
N and N , . arc equal to (s~—= ) and (z—=—) respect-
%2+ ye? Nxo* Nvo 80" Yyo

ively and cé(x2+) is the Cé for the binary-x0+8102 etce at the

same mole fraction of Si02 as the ternary.
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Equation 3.6a shows that, quantitativecly, the values
' ' ‘
of log Cs of the ternary silicate melts should fall within

' L )
the log CS values of psucdo-~binaries X0-S1i0,. and YO-Si02

, 2

at silica concentration samc as the ternary. Richardson et al

[98,99] detemined sulphur capacity values following this

simplc relationship (cqgelisba) at Ngig = 0«5 for the MnQ7Mg0~Si02,
2

CaO-Mn0~Si02, Ca0~Mg0-5i0, systemse
<

In the presént system, CaO~Na O~8102, however this

2
relationship docs not-hold good. It has becn obscrved that
in the range of composition under consideration, iime gﬁditions
cause an increase in the CS value_than that of pseudobinary
Na20~5102, which has higher Cg than CaO--SiO2 pseudo binary
at any silica levele The reason for this variation has
already becn discusscd in thc foregoing sectione

| ey AT P O Tl
4« 5 COMPARISON WITH PREVIOUS WORK ON LIME-SODA-SILi¥&'bvsteM
Effect of lime additions on sulphur capecity of.sodaf
siiicé slags atvtemperaturcs in the rangc of 1250~1350°C
has also been studied by Inouc and Suito [84] and Korber and
Oelsen[87,88] « Inouc and Suito[84] have studied sulphur
transfer between metal and slag by bringing the two phascs
in oquiliprium at tonpcratures 1250—13500C and have rcpérted
~that in the pseudo-binaries, 3Na20.28i02~3Ca0q25i02 and
Na,0.5i0,-Ca0.8i0,, log (8) /[ s]] @eccrcases with incrcasing
Cal concéntration. Thesao findings arc differing considerably

with that of the present investigatione However; the results
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of present investigation are in good agreement with those
of Korber and Oelsen | 87,86} » The discrepency in the
results with those of Inoue and suito 84 may be attri-

buted to the magnitude of base equivalence between Na,O
_ ) ”

o

and CaCO. Whereas Inoue and Suito [8@] have determined 333
as Cal ecuivalence to Na20 Korber et al 81,88 and in

the pres.nt work the value 1s OeH~Qe§ and-l;s respectivelye
This obscrvation indicates that CaC shows a positive
deviation in solution_with NaZO—;"aiOé melts in the present
work whereas Inoue and Suito [8@] have inferred a negative
deviation which is grossly responsible fbr the differences
The typical behaviour of temary slags reported by Inoue
and Suito {84] is probably becauss of considerable amount
of magnesia and alumina from refractory lining of crucibles

and stirrers made use of by them during the investigatione
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Table 4e1 Sulphur equilibration studies in
termary CaO-Na,0~S510, System

. 2 2 0.,
having N O/NSiO,. =0+ 26 at 1373 K
2 2
Slag Sample Qxygen ‘potfantial in gas' Phase m_ p802 ‘th v s
Composi=~ Number ! o i L (atm) te
tion emf(mV) | Terps {°K ) i pOQ(a n), atm
NCaO } :
- b !
' : ‘ . ’, "10 . z
0.033 T8, 550 - 983 1e68%10 0.09 C.165
15, 560 98% 2.70:x1071°  0.09 0.082
TS, 550 983 6o Byx10° 1 0,09 0.695
0.066 TS, 537 983  9.11x10"*1 0.09 0.702
s, 537 983 9.11x10" 1 0,096 04763
8, G4l 983 1.10x107*°  ©.092 O E46
0,109 T8, 518 993 5.50x10" " 0.08 2.1l
8, 520 993 6.04x10" 11 0,092 1.901
18, 520 993 6e0Ux107H 0,092 193
0.173 TS, 5% 993 7e28x10" 11 0.086 1,75
T8, 52 993 7.26x107 Y 0.084 1.73%
8, 528 993 8478x10° % 0.092 |l

P



Table 4«2 Sulphur Equilibration Studies in
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Termary Ca0-~Na, 0~S5i0, System having
Nya O/NS:LO = 6426 af 1423 OK
2 2
o - Oxygen potential in gas Phase | pSO, ‘wt- s
89 -} 'Sample (atm)
Composi= . . .
tion " Number T —t !
3 O }
a0 Emf(mV) ! Temp(°K) | pOz(atm @
0033 ’1‘819 510 1013 8.18x10"ll '0.080 1.61
5,0 510 1013 §.18x10"'% 0.030 1.58
75, 514 1013 9.82x10°T1 0.086  1.32
0.066 15,5 516 1015 1.08x10 1% 0.000 © 2.04
1S, 516 1013 1.08x10°'% o.00c  1.9g
0.109 18,5 516 1015 1.08x10°%° o0.00  3.2c
TS, 526 1013 1.7cx10°°  ©.090 1ot
TS, 526 1013 1.70x10"*° 0.090 lesl
173 TS5 518 1013 1.18x107° cuge .26
755 518 115 1.1gxlc ™ cueos 3.m
S 518 1013 1.18x1c™t o 349

32



Table 4¢3 Sulphur Equilibration Studies in Ternary
Cai~Na C-5iC, System having

2 2 " o
Nya C/NSiC = Ce26 at U473 K
2 2

Slag Sample Uxygen potential in gas phase pSC:2 wt'/.S
Composition|Number (atm}] ‘

N ‘i O ! o~ & ‘k;t.

Cav Emf(mv) | Temp(®K) [ pl,(atm) ‘
GaC33 TS, 538 1033 6ectx1CT MY CLege a9
7S5, 538 1033 6,c4xlu'lf GeCO Ca312
TS5, 538 1033 . 6.cqxlc‘l° CoCOL Ca32C
G066 TS50 541 1033 6.92x1c“1?'c,;94 Cel4 39
TS, 5l 1073 6-92xlc'l° Co98 Celi83
Ce 1G9 15, 522 1043 Lo 2ex16™ T Cotoe 145
75, > 528 143 5.48xlc‘l9 ColOC Co936
15, 528 143 Bo48x1c” Y Cacoe Ceonl
Ce173 1) 536 143 7.82x1¢” Y €96 €736

S, 536 1643 7.82x107 T Lol 96 €692
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Table 4e4 Sulphur Equilibration Studies in Ternary Cat~Na_0-Si

System having Ny /NSic = s 26 at 1523°K <
oG > |

Slag Sample 5 Cxygen potential in gas phase vpscg Wte /oS

Composi= {Number (atm)

tion ; . -

Ne o Enf(aV)  |Temp( K) ‘z pi,(atm)

CeC33 18, 528 153 7.74x1u‘lf Cel86  Leb3C
TS, 508 1UB3 77hx17TY g6 Le639
S, 533 1G53 0.64x1¢" % Cucg2 Cubhl

€66 TS, 533 1053 9.64x1c"1? Sel82  ©.793
TS, 526 1L53 7.09x1C7 Y Caogb L.220
TS, 526 1053 . 7.09x1¢7 1Y Cecg6 1e17G

r N /-\‘ , ,"lh RPN | -

Je 109 TS57 526 1< 53 7 ° ‘u9Xl‘v N e \.a8 2 1le 69&
TSSS 526 153 7.L9x1t"l° Celf}2 le76k
T8¢, 528 10563 ToThx1c 18 Celf2 le 550

. | .10 o

Cel73 T863 528 1L53 7 e Thx1u Ge 8L De 1L

Tséq 528 18563 7-74xl@'l“ CelBL 2el 20
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Table 4e5 Sulphur Equilibration Studies in Temary
Cal=Na,Le.Sil, System having

2 2 o
2 2
Slag !Sample Cxygen potentiali{in gas phase‘f pSC EWt. 7. s
Composi=| Number 2 §
tion ; T T P N -~ (atm) i
N I I Emf(mV)| Temp(“~K) pu2(a‘cm)
CalC | ‘ ; . ‘_ t
CeU33 TS, 522 1683 1.62x1C77  La086  LeES
TS( 528 1¢383 0.10x1C”2  C.0gL we375
Col66 TS 53 1¢8 5.72x1077  CalBC  Cel2C
TS5 - B34 1¢53 2.70x1C 7 €.C8Y  CeL459
TS, 534 1883 _2.72x1@"9 CeCQ8  Ce4Bh
C109 TS B4 1863 1.83x1577  LeGO0  1.20C
TS, B¢ 1563 1.03x1077 €090 1.33C
C.173 TSo0 542 163 seCix1C™?  CeL92  le57C
TSog 545 1C63 2.20x1C77  G.L92  1.31C

TSSE B4 5 1L63 2.28x1c79 Lol 02 le22C




Ta ble Le+b~

""‘N (."S.\.
Cals azu i 2

:
Nya o/ Vsic

2

2

= Co4C at 1373°K

125

Sulphur Equilibration Studies in Ternary
System having

Slag ,
Composi~
tion

.

i

Sample

| Cxygen poteﬁtial in gas phase !

.|

Number

55,
56C
56¢
562

562
562
550

Emfe (mV)

: i pSCz g Wt 7.8
| Temp (°K) ptg(atm) - (atm)
f E
993 2.96x107 1Y Cacgo ca1sg
993 3‘92X10~1% a9 LeIlH
993 3.90%x1C° 1% oo Lel1C3
993 3.92x1671¢ ¢.c90 €195
993 u.zcxlc'l° CelO0 178
993 Be30x107 1Y Cacgg gl 28l
993 Le3ex1cTHY Ciop Caans
983 1.68x10"1‘ Celf2 Ce0E1
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Table 47 Sulphur Equilibration Studies in Ternary
CaC.Na .. SiCQ System having

2
- 5 O
Nya L,/Nsm = 40 at 1423°K
| 2 2
Slag Sample [ Oxygen potential in gas phasc . e
Cbmposi—! Number f i T psz ! Wea7sS
tion | | Emf{mV) Temp(“K ) pCQ(a’an) (atm) ‘
1\'Cai: { i |
Conbly T8y e 1093 u.@axlc"lf CorOG  Le282
| TSy, Bl 123 L;-qulﬂ.'l“: GO0 Ce2836
TS 42 1203 Beeox1CT coion caos
0.087 T84 553 1023 8.38x10" % 0,100 0.262
TSgq 553 1023 8.38x10" %% 0.100 0.257
0,152 TS, 568 993 5.70x20"*° 0.096 0.538
810, 568 993 5.70x10"*° 0.096 0.553
5 o 571 993 7.51x1071° 0.088 0.3
TS 574 993 75421070 0.088 04327

104
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Table 4+8~ Sulphur Equilibration Studies in Ternary

CaO.Na20-8102 system having
- O
Neo 0/NSio = Oe4 at 473K
2 2

Slagg »--Sample Oxygen potential in gas phase g x N “
Composis’ Number |.— : . . p802 | Wte/es

tion B Emf{mV) i Temp (°K) pO (atm’)l (atm) |

NC ’ | i 2 !

ad R : ! | |
0.0u4 TS,y 58 1003 3.4x10° 10 0.092  1.64¢
814 550 1003 3.90x10'l° 0e092  1l.23C
5108 550 1003 3.90x10"° 0.c92  1.20C
Ce0B7 TSy, 555 1003 het9x107 1 Cacge 1ecme
TS114 567 1663 7.82x16°1° C.088  Cu4TE
15,5, 567 1603 7.82x187 Y cucgg  conol
. ' -1c . .
CelB2  TSp;g 557 993 C 3ehlxle 7T CelB2 3479
TS11¢ 557 993 3-l+lxl€;'-l(" CelB2  3.T4L
Ce2ls TS, 557 993 3.41x1C7 Y 0.0ge fa246
89 0 560 993 3.92x2¢7 1 Cocge 3u4ce
TS, o 56¢C 993 5.92x1¢7 Y cacgl Buc




Table 449~ Sulphur Equilibration Studies in Ternary

CaC.Na,C«Sil

2

5 system having

PRI (0N
Mo C/NSic = Co4€ at 1523 “K

2 2
Slag | Sample Cxygen potential in gas phase !pscz | Wt;yfé
Composi~ |Number {(atm) I
tion o . | ;
N Emf (mV) Temp (VK ) ch(atm): i
Cat i i e < | i
Llhh TS Bk W33 7.23x1C7 L6 156
TSy,, 42 1C33 s 23x1~¢'l‘_f Cel856  1le49
TS,,5 B 133 7.9k (agr 1e22
ColB7 TSy, Sk 1033 7.9lx16~l% CalB2 2020
TS),, 47 1633 9uubxICTIY Galgh 1463
TS, 548 W35 Gu7xCTH cecgh 1070
Ca152 T8, 5K 153 Lehxlc™? Cal9C 2437
TS 5, 55 1035 lehxllT7 el 203
15,5, Bk 1033 7,910 Caogh 3.1
G215 T8p55 B8 1033 9-47x1c‘lf CelB8 3.1l
IS5, 40 133 9u47xICTTY Laigg Bel2




Table 4410 Sulphur Equilibration Studies in

. Ternary CaO—Na20~SiO

NNa O/N

5 System having

= 0.40 at 1573 %k

129

2% 810,
.

Slag i Sample | qugglal in gas phase| pSC Wte/s 8

Composi~| Number Emf% 'TFTemp (bK)lpO (atm) (atﬁ)

tion s .

NCaO % ; ‘

0Ol 8y 56 538 1083 3. 20%10" 2 0.092' Celi97
TS5, 543 1083 4elCxldTY GaC96  ©a369
TS 543 1683 Lailx1CT? Ce096  Ce365

138

CaCBT TSy A 1¢83 Lel7x1077 €006 CobC2
TS, 5L 1683 La17%1C77  Gen06  CeB77

Cel52 Tsi45 546 1003 LeBxlCT?  CuQOC €743
TS, B0 1083 4eBxICTY G0 €731
TSy, 48 1083 Le9BXICT 7 C.09L  Ce6TL

0. 215 TS, o 552 1083 5.87x10° 7 CoCOL  Ge618
TS1eq 58 1083 7-60xlc"9 CeCOC G395
TS 558 TobixlCT? GO Celll

152

185
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Table fe11 Sulﬁﬁur quilib;ation Studies in
Termary Cac~Na2C~Si62 System having

_ & o
NNa2i—‘/NSiC = CeH2 at 1373°K

2
Slag- | sample | Cxygen potential in gas phase] pSu Wt.y;sv_
Composi~-} Number * _(amf)
tion . _
Neac | Emf(mvi Temp.(OK_ ptg(atm) N
e RS O |
“e £-55 T8153 5Al 983 10 lLlek- [oY Y l-..(» 1073\«
TSlSh © By4 983 1.27x1c“19 Coeil86 1140
TS 550 983 1.68x187 1Y c.oge ©.7CL
L ' ' -1C )
CollR TS) eq 555 983 2.13x1C e8] 1l.13C

i

TS g 560 93 2e7CRICT ColOC €789
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Table 4e12-Sulphur Equilibration Studies in Ternary

CaO‘Na2078102 System having

- O
NNa O/NSiO = 0.52 at 423K
2 P4
é—fe:gq; | Sample | Oxygen potential in gas phase {pSO2 [Wte /oS
Composi-§ Number | : = - !
tion EEmf(mV) i Temps (K ) | pog(aﬂn)g (atm) %
~ ,-. 10 4
TS, e 537 1013 0.82x10° 1 co0g2  1.15
TS 0 537 1013 2ug2x1C" 1€ Cocgr 1.17
o ) . S T '
Ce 108 To168 546 1613 Lo 26x1C T LelB8 leli5
75,76 550 1013 5.10x10° T Colce 1.2
T8 550 1813 5elox1 ™ CoL9s l.sC



Table 4413~ Sulphur Equilibration Studies in Ternary
CaleNa, LeSiC, System having

2 2" g
Nya, o/ Vgio, = C52 at 473K
2 7
Slag -j Sample Uxygen potential in gas phase iPS°2 { Wt'/.s
Composi~ Number ' : o d
tion ‘ Emf(mV) Temp(°K) | pcz(ath (atn)
NCa(; i
CoiB5 TSy L8 2 1¢93 4.10x10~l? ColOE 2028
15,7, 482 1¢93 belexlT Gacge 2e
TS 486 193 hegox1c™ Y Cacon 0 1.76
176
Coleg 18y, L.90 1093 B 76x167 Y cou92 3423
75174 490 1693 5. 76x10™ 1 ColEC 3alk
Ce173 D80, L9l 1093 6-82xl@~lz‘ Cel86  2.88
80, L9 1693 6.82x1C7 ™Y Laigs 2.8

10

TSl83 497 1¢93 7.7éxlc CelO4 2455
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Table Le14~ Sulphur Equilibration Studies in Ternary
: CaC.NaZC.SiC2 System having
‘o o
Slag Sample Uxvgen potential in gas phase pSC2 | Wty:gw
Compo si- Number (atm)
tion ‘ - " ' “
N Emf(mV) lTemp.(OK) ! pL(atm)
Cat J L 2 ,
) -1C ., -
Cel:H5 T8185 492 11¢3 8'71}{1@ 1c CelBL 2425
Tsl86 492 11C3 8«71x1C CelBC 2419
. . N =10
CelCB 5159 49l 11C3 9-47x1LT " GelB2 LT
Tsl% 494 11¢3 9-47xlif'l‘f CelB2 Lol
TS, g, 495 1103 9.89x10” T C.C86  3.92
e 173 7S] o3 498 1103 1.12x1C7 7 CeCBC 3467
TS, g, 498 1103 1e12x10™7  CoCBe 364
S 590 1103 1e12x1C™ 7 cecgy  hetl



Table 415 Sulphur Equilibration Studies in

134

Ternary
CaU~Na26-SiQE System having
T — Q
Nya C/Nsic = CeE2 at 1573°K
2 2
Slag Sample “Uxygen potential in gas phase pSC, 'Wt-7.S
Compo si~! Number (au%)'
tion [ o
N . Emf{mv) Ternp(VK) e (atm)] (atm)
Cav P
e85 TSy 4G 1123 0eloxlC™7 o8 14610
TS g9 490 1123 2412x1€77 Col76  1.490
TS, o 40g 1123 2012x10"7 0.076  1.520
0. 108 8,01 501 1123 2440x10 7 0.080  2.79C
S, 501 1123 2:40x1077 0.080 2,750
S, 5 1123 4+10x1077 0.030  1.230
0.173 TS, 501 1123 5.48x1077 0.088 1.110
TS,y 52 1123 51077 04088 1.000
~O
TS 524 1123 562010 7 Ce095 04949

209
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Table 4«16= Sulphur Equilibration Studies in Ternary
Ca0«Na _0.5i0, System having )

2 2 o
2 2
CSlag ' }%ample E Oxygen potantial in gas phase i pSO Wl Vs
ompo si-- Number | v . 2

Neao l Emf(mV) Tempe (°K). pOz(atm)‘

~-10
0064 TS,17 570 993 6+ 26x10 o 0.08 3429
75,5 570 993 6.26x10° % 0.10 402

<

-10
TS,y 570 993 6 26x10 0.10  4.11
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Table L4e17- Sulphur Bquilibration Studies in Ternary
CaO—Na20.8i02 System having

_ O
NNa O/NSiO = 084 at 1423°K
2 2

Slag % Sample % Oxygen potential in gas phase [ pSO . § Wte¥e s

Compositj Number ‘! e i y | <

B ( - Emg(mv) | Temp. (°K)  pO (atm) ! (atm) |

Ca0 | | ! AJ
0.064 TS, 536 1043 7.82x10° 10 0,095  1.210
15, 536 1043 7.82x10"1° 0,092  1.170
5,,, 540 1043 9.35x10"1° o.084  ©0.g22
0.129 TS, 840 1043 9.35x10" % c.ogy  2.050
TS Bho 1043 1.62x1677 ©6.086  1.680

219 ~9
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Table 418 Sulphur Equilibration Studies in Ternary

CaCeNa C.SiC

5 System having
S~ o]
Nya, o/ Nsic, = ©+84 at WUT37K

23¢

2 2
Slag Sample txygen potential in gas phase| pSC, Wte7/sS
- Composi~{ Number ( bﬁ)
tion } au
NCaO Emf(mv)| Temp(®K)j| p0’2(atm)
Ceceh TS, 5C8 1083 8.91x1¢71¢ Gacg6 3407
TS, 508 1083 8.91x1¢™ Y c.cge 5408
C:l29 TS, 511 1083 16.16x1¢7°  Coo7e 5e61
TS,,c 514 1683 115167 caege 179
TS, 514 1083 11.5x10° ¢ c.cge LeT6
0235 TS, 528 1683 2.1x1677  culge 3.7
T8 528 1083 2,1x1077  ©.cgC 3.22
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Table 4¢19~ Sulphur Equilibration Studies in Ternary

CaC~Na 2@- gsic 5 System having

- @)
Nya C/NSi,J = Ce84 at 1523 “K
2 2
Slag  |Sample | Cxygen potential in gas phase | psO, | Wee S
Composi~| Number : ' ( '
tion _ atm)
Neao !‘Emf(mV) Temp (°K ) pﬁz(atm) '
Qe 6L TS 51 517 1113 3ekox1CT7 Gecge 1166
TS5, 517 113 3u42x1077  C.CB0 1.080
15,25 517 1113 3e42x107 7 007G Ce8RY
Cel29 TS,z 522 1113 4.20x1077  ©.C7C  1.97C
18,37 522 1113 4.20x1C77  CelBL  2034C
TS, 520 1113 4.20x1C" 7 GeCQL  2437C
Ce 235 TS, 528 1113 5,40x10'f9 . CelB0 24400

239 - .
TS0 508 1113 5e40x1C™7  0.080 24376
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Table e 2%~Sulphur Equilibration Studies in Ternary
CaG.Nazo.SiQ2 System having

S @
Nyia 0/NSiu = Ce84 at 1573 K

2 >
Slag | Sample Cxygen potential in gas phase ' : .
Compo si=| Number psC, We. /.8
tion ‘
Nooc Emf.@ﬂnl Temp (°K ) l pCz(atm)v (atm)
C bl Tsé43 188 1153 3.50x1C" 7 Co07T 3.0
s, 488 1153 3.50x1C77 a7 2493
TS, 4% 1153 Lol8x10°7 0uC7 2407
Ge 129 S, 49 1153 BeobxlC"? €8 Le33
TS, 498 1153 5eo6x1C77  ©a08 ool
Ge235 TS, &3 1153 6ubhx1CT? 007 4el9
7S 505 1155 6498x1C77 Col8  4eBl

253



140

Table 4.21- Sulphur Equilibration Studies in Ternary

Cau.Nazﬁoslbz System having

Nya G/NSi@ = 1.03 at 1373°K
2 2

Sample] Oxygen potential in gas phase pS,2 | Wt./'S
;ComposiéNumber | _ (atm)
Emf(mV) 3 Temp(®K) I pOE(atn)
' i =10 e .
T8255 512 1663 5-4Lxlb~10- 0e 86 Ue878
T8256 512 1063 5.40X10~16 CeC86 €899
' ng57 515 1G63 6e16x10 Qe CQC Ce600
Tses9 5oC 1063 7466x1C i:' CelT6  0aB9L
T8260 520 1063 7.66Xlo-10 0.076 0.8 2L
TS 522 1063 8+ 36x10 0.082 0.793
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Table 4«22 Sulphur Equilibration Studies in Ternary
CaO.Na20.8102 System having

- o
Nyo o/Nsio = 1.03 at 1423°K
2 2
Slag Sample Oxygen potential in gas phase pSO Wte'fs So
Composi~|Number _ ( 2)
tion atm
N Emf(mV) | Temps (OK) p02 (atme )
Ca0
| - 10 <
TS, 5% 1043 7.16x100% 0.0 1.9
IS5 G 1043 7.16x100°  0.090  2.1¢
8 53, 1043 7.16x10° % 0.090  uop
266
| 1 |
0.150 TS, 539 1043 8+95x10 0.090  2.95
S 539 1043 8.95:10710 0,000 .93
270 10 |



Table 4e23 Sulphur Equilibratiocn Studies in Ternary
. CaO.Na20 «5i0 _ System having

Nya O/NSiO = 1.0% at 1473°K
2 . 2 '
Slag !Sample Okygen potential in gas phase | pSO §Wt-)AS~
Comp051-§Number (at%)
tion , I
Noso | Emf(mv) Temp(°K) | p02(atm)
0.076 lT8272 536 10693 4.06x10“9 C.086 - 0Os486
TS,73 538 1¢93 4.42x10'9 G080  Cellh
S 71 538 1093 beliox1C™?  C.08C  Ou401
C.18C TS0 5o 1693 - Beohix1CT?  ©.082  Ca798
542 1093 Bo 2lix1C7 w76 L.91C

TS577
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Table 4e24 Sulphur Equilibration Studies in Ternary
CaO.NaEC.SiG2 System having '

- \ @)
Nya G/NSiG' = 1leC3 at 1593°K
2 2
Slag' '?Sample Cxygen Poten#ial in gas phase p802 Wte /o Se
Composi~| Number (atm)
tion { _ 0 .
N ; Emf(mV) Tempe (°K) | pt_(atm)
Cal | 2
0076 T8 562 1663 Lefix1CT7 C0ge 1.1l
TSQBG 562 1¢63 Legox1l™? Ce08C 1oty
S, 562 1063 Le8Cx1C™7 CoOT4  LeC2
G150 TS, 57C 1063 6e80x1E™7 CuUTC  Lo4C
T8285 574 1063 8.1ex10'9 CelB2  1le29
TS 574 1063 8.10x10'9 CeC82  1ledhy
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Table 4«55 Sulphur Equilibration Studies in Ternary Ca
CaC-NaQC.SiU System having

NNa G/NSi02

2

= 1.03 at 1573°K

Cxygen potential in gas phase

+ Slag } Sample pSC | Wte% s
Compo si=} Number (at%)
tion Emf{mV) Temp(°K) ¢ (atm) |
NC&U F i P P 2 i
CoeT6 TS o P 1093 5,24x1079 CeG8 2485
| TS.g9 A5 1693 5a96x1CT7  Ce0B6  oels3
IS0 B4 1093 5e96x1C™7  0eC6 0o 53
TS0, 556 1693 9. 5ux1C™7 G076 2440
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Table 4,26~ Calculated Values of Sulphur Capacity of
Ternary CaO-Na,0- 5102 System having

]
aZO/NSiOZ"; 0,26 at~"1373°K

1 { ]

Slag ISample {po | p C ‘ av, C log Av.C
ComposiJNumber Qxlglo)‘ Sy S i S ! S
tion v | | ‘

N ' ' \

Ca0 | 1 ’ ! l i

0.033 TS,  1.680 2.81x1003 4.034x10 gl s |
TS, 2.700 1.09x10]5 4.086x1072 | 4.025x10 4,40
T2 0.654 2.02x10"> 3.955x10" |

0.066 TS,  0.911 9.55x105 6.856x10 : | 5
TS5 0.911 1.09x1073 6.975xI0 ; | 6.917x10 -4.16
TS/, 1.100 6.85x10 " 6.919x10

0.109 TS;, 0.550 2.07x10_5 1.088x10 % - |
TS},  0.604 2.27x1072 0.985x10_, 1.023 x10 " -3.99
TS;3  0.604 2.27x107% 0,996x10

0.173 TS;; 0.728 1.37x1012 1.276x10 »
757> 0.728 1.37x10 5 1.261x10_, 1.280x107°  -3.89
752  0.878 1.07x107% 1.304x10

18
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Table 4.27- Calculated values of Sulphur Capacity of
' ternary Ca0-Na,0-5i0, System having

— [+]
Nya,0Ns10,= 0+ %6 &t 1423 °K
E l f : . - I b ..-.?.....\ v,,-..A..._.._..v.;-?-. -
Slag [Sample ' D D L Cua. ‘Av. C. |log Av.C
Compo si=Number i 0, ; Sy § S } S S
tion | xlOloi i ;
Noo | | 1 i |
0.033 TS, 0.818  8.72x100% 4.931x10; s
TS20 0.818 8.72le_2 4.839xlO__5 4,906x10 -4.31
1520 0.982 6.99x10° % 4.948x10 .31
-2 -5
0.066 TS 1.08  6.33x1072 §8.426x10 -5 _
Ts2; 1.08  6.33x1072 g.179x10> 8.302x10 = -4.08
0.109 TS, 1.08  6.90x107% 1,266x13-4
TS, 1.70  2.55x1072 1.192x107; 1.,230x107% -3,91
1527 1.70  2.55x10™% 1,233x10
0.173 TSy 1.18  5.30x1072 1.538x10]; "

TS35 1.18 6.03x107° 1.534x%10°
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Table 4.28- Calculated Values of Sulphur Capacity of
_Ternary CaO-Nazo--SiO2 System having

— t ) o
NNaZO/NSiDZ = 0,26 at 1473 °K

N\ 1 i - il
C yAv; c llog Av C,

T | -
Slag Sample | p | p l
Compogi-| Number | 02 | S2 | S | S I
. 1C {
. tion ' [(x10™) | } [
Ncao | | o .
0.033 TS, 6.04  1.62x1072  5.966x1077 =
1S3 7 6.04  1.76x1077  5.780x107; 5.891x107° =423
TS5, 6.04  1.76x10 5,928x10
0.066 TS, 6.92  1.35x1072  0.994x107; »
1530 6.92  1.46x10 1.052x10~% 1,023x10™%  -3.99
0.109 TS, 4,20 3.35x1072  1.624x100; »
- 153 5.48  1.97x10_2 1.561x10, 1.585x107"  -3.80
TS, 5,48 1.97x10 1.569x10
~2 -4
0.173 TS, 7.82  1.10x1075  1.962x100, 1 go3n107% 3.7

TS,q 7.82 1,10x10° 1.845x10
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Table 4,29~ Calculatéd Value of Sulphur Capacity
of Ternary CaO-Na O--SiO2 System having

Slag
Composi-

" tion:

NCaO-

0.033
0.066
0,109

0.173

TS
TS
TS

TS
ggss
56
TSS7
TS
058
61
TS, .

TSg4

49
50
51

52

N /N,

‘ Na20 8102<
ip P
% T
{(x1010)

7.74  6.28x10
7.74  6.28x10
9.64  3.68x10
9.64  3,68x10
7.09  7.49x10
7,09  7.49x10
7.09  6,81x10
7,09  6,81x10
7.74  5,71x10
7¢74  5,99x10
7.74  5.99x10

= 002

-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2

at“1523 °K

148

6.994x107;
-4
-4
-4

7.094x10
7.138x%10

1.283x%10
1.187x10
1.138x%10

1.724x%x10

1.805x10

2.387x10
2,296x10

-4
-4

-4

-4.

-4
~4

AV.CS

Wa b T o Ve v o PP

7.075x10"
1.203x10°

11:775x%10°

2.342x10°

5

4

4

4

log Av C-

=-4,15
"‘3-92

-3.75

~3.63

S



149

Table 4.30- Calculated values of Sulphur Capacity of
Ternary CaO-Na,0-8i0, System having

Mo o5t = 6.26 at 1573°K
Slag .Sample p | p . 2 .
Composi-Number - °, Sy s hv Cq Log v Cg
I%lon ) (XlOlO) i
Cal
0.033 TS, 16.2 8.84x1072 7.879x107> s
TS@? 21.0 Le85:%10_5 £.056:10_7 7«947x10 © ~4410
TSgq 21.0 L«B5x10 © 7.906x10
0:066 TSy 2742 2472x10° € 1.328x10- % "
TS,y 2747 3o 29x10_% 1.320x10_," 1.318x1C 7" -3.88
TS, 572 3.29x10 © 1.305x10
0.109 3875 l8-§ 7‘59X10:§ C-OOBxlO:Z 2-034x10‘4 ~ 369
LS76 1843 7-59%x10 © 2.065x10
0.173 TS, 20.0 6+ 61x10] 2 24725x10] ! -
TS79 22'8 50lleO_g 2'767}:10"LF 20690}(10 ”3-57
TS 2248 5«11x10 < 2.577x%10

80



150

Table 4e31. Calculated values of Sulphur Capacity
of Temary CaO-Na20-8102 System having

‘ ‘ O
NNazo/NSioz = 040 at 1373°K
Slag Sample ip ' Pa %' )
Composi- |Number | 02 ;o | Sz Cs | A G | e
tion (x1077) ]
N . g
CaO i l
04044, Ts81 2.69 9.05x10:2 9.036x10:g -5 .
TS0z 3+92 5-"63x10_h 9+012x10_7 8488 %10 ~1,+05
TS8L} 3' 92 Se 633:10 " 80 595}{10
0.087 TS 3.92  5.16x10.% 1.697x10° % e oo
ng,? La30  La29%10" 4 1.782x%10 b 1‘7_39“10 =376
04152  TSp,  4s30  5.08%107} 2.309x10]} -
T890 4e30  5.08x10_5 2.263x10_, 2+ 286x10 ~354
5 3 1068 2.33}(10 T e 285}{10 )

<~
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Table 4432 Calculated values of Sulphur Capacity -
of Temary CaO-Na2O~Si02 System having

: Q
Nya, /Ngjo, = 0440 at 1423°K
[

20
T : ' - B
Slag }Samplel Po. pS' CS LAy Cg i log Av Cg
ComposiyNumberxr 2 P4 { |
tion (xlOlo) I |
Nea0 ‘ 1 5 %
0.0Ly  TSgy  Lefh 443102 1.037x10./ B ~
| TS5, LGl 3e45x10_ 2 1.052x10_" 1.038x10"" -7%.98
TSge  5-08 %.12x10 - 1.025x10
0:087 T8y, 838 l‘BOXlO:2.2.103x10:2 2.08%x10™% ~3.60
TSy 838 1.30x10 ~ 2.063x10
0.152 IS5, 5.70 2458510, 2 2.529x10:2 -l
TS)op 5470 2.58x10_2 2+599x10_, 2+570x10 ~ 3459
TS105  7e 54 1. 24%10_ 2 2+ 604x10_
TSy =2 7.5 1.24x10° 7 2.550%10

104



Table 4+33 Calculated Values of Sulphur Capacity of
Ternary CaofNa,,O-SiOz System having

= o

. 1 7

Slag | Sample } Pg | ps' C_ Av. CS Log Av CS

Composi~ | Number 2 2 = ’

1t}::.on (xlolo)

Cal _

0:Oh4s TS0 3e2h  5.08x1005  1.217x10 ) "
TSlO? 3490 4-06}(10_ P 1. 206}{10*[ 1.229x10 ~3.91
Tslo8 3.00 - 4.06x107F  1.264%10 7

0.087 TS;o  4eb9  2:93x10]5  2.303x10f v
TS)T 7e82  9e23x10_5  24384x10_} 2.346x10 ~ %463
Tsll? 782 Ge23x%10 2+ 352210

o -~ ~h ~ 1

0.162 T8y, 3ebl  he22x1002  3.407x101) 3.385x107F  ~3.47
8172 Zehl 42210 °  3.362x10

0.215  TS)n 34l 4.0Lx1012  3.910x107} y
Tsllg 34972 5+035x10_2 3-867x10_4 3.893x10 F  -3.41
TS 3.92  3.03210 ¢ 3.901x10

120




Table 434 Calculated Values of Sulphur Capacity of

Ternary CaO~Na 0~ 830, System having

153

NNaéo/NSioh = 8,40 2 at 1523 OK
R r'q
S . T: T -
Slag Sample Po | Pg c | av C 2Log Av C
Compo si~f Number 2 10 ; 2 S ’ !
tion (x10 i f
N H
Cal { { i }
0.044 TS, 7e2  ox10T€ 1.563x107 <t
. rgl2l 722 ;.‘z;ilo*% 1./38215;.10'4 1.808x10 = =3.82
’I‘Sl’ég 7.91 BaLi7x107 ¢ Leh&7x10°
0:087 TS, 7e9L  5.4TRIOLE 2.646x107) .
T8)5¢ 9.06 4437210 5 24635210 " 2.632x10 & ~3.5§
T8)50 947 4.00x107F  2.616x107
0.152  T8;,9 10.4 3.81x10_ % 3.916:«102?+
TSlBO 10¢4 3+81x10_7 3-866}{10_4 3+889x10 =Sy ]
TSlBl 7.91 57410 ©  3.886x10
5.215 TS 9e47 42391075 4.568x10. e



Table 435 Calculated Values of Sulphur Capacity of

Ternary CaO-Na20~Si02 System having

154

Nya of/Vgio = 040 at 1573°K
2 2
Slag Sample po' ps‘ Cs hv C Log Av.C_
Compo si~| Number 2 2 S
;xon (xlolo)
Cal
IS A ~'2 _4
O«OLL TS, 4, 3202  2456x10_%  1.753x10_ L
Tsigg 0.0 1.81x10_% 1-735x10_'2 1+738x10 576
T‘8138 40.0 1.81x10 ¢ 1.716x%10
0.087 TS 417 1.66x10_%  3,017x10_,) ~L _x e
. : - -4 '
O.152 TS 4544 1023}110_-‘" Le514x10_ - -/ T
TS0 4Bk 1.23x1002 gunhlxaoly HeATEOT =303
‘I‘Smg 49+5  1e13x10°“ 4aL61x10 7
0205 TSy 887  Be0SKI01F 6.277xCL) »
1S ey 76:0  4.40x10 3 54191x10_ ) 5.285x10 " ~3e28
TSy 9 7640 4o40x10 543%88x10

1562



Table L+ 36-

185

Calculated Values of Sulphur Capacity of

Termary CaO-Na

20~Si02 system having

‘ - *
Ma,0/Nsi0, = 0+52 at 1373

Slag }Sample g,po b Pg | C | &v C . og avC_
Composition{Number I 2 2 ;L 5 I S § =
Veao | 1(x20%0) "t 1' |
0,055 TSp; 1410 8.09x1072 2.017x10" 4
| TS, 1e27  4e49x1077 1.917x107%  1.973x107% ~3.70
TSiee 1468 2:22x1077 1.984x107
| (70”3 Ry o
O. 108 TS.158 . 2' 13 l‘\) /.:xlo--? ll'. 0363\10‘4 3'98 2>{10 ll "'BGLI-O
I8 270  1.00x10 -~ 3.927x10

159
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Table 437 Calculated Values of: Sulphur Capacity of

Ternary Calb~Na, 0

S:LO System having

na o/Nsio = 6452 “at 1423 OK
Nag 2
Slag Compos-| Sample | pn Pe C Av C | LogavC
ition Numbe °, Sy s | S s
NCaO (-xlOlO
0,085 785 202b  1.67x1072 2-151x107
. TS ¢ 2.82  7+71x1077 2.199x107F 24189x107 ~3466
TS, 2482 7+71x1077- 2. 238x107%
0.108 TS, 40 he26  3439x107° 4.798x104
T8 g 5012 3a48x1072 44756x10™" 44785x107% ~3432
7S 5.12  3420x1077 4.800x10° %
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of

183

Table 4+38 Calgulated Values of Sulphur Capacity
' Termary CaO-Na20-8102 System having
~ o o
i . | i - } T
Slag Composi~| Sample Pg Pg CS Av;CS LogavC_
tion Number | 2 2 =
a0 (x10%9)
0.055 TS5 410 3e51x10™ 2 2u46Lx10~H
TS, 410 3.51x10" 2 2.389x10° % 2.40x10°% 3,60
2 o 1ol
TS 0 486 -2973x10‘. 243,810
-2 o - '
0. 108 TS ooy 576 l986x10‘2 53684}(10.4 54 625x10 4 “3.05
TS 5.76 2+20x10 © 5.566x10
179 57 |
0.17% TS o) 6482 1.16x1072 6.983x10™4 o
TS g, 6482 1.16x107 2 6.886x107% 6.912x107% -%.16
TS 7476 1.07x10" % 6.867x10"%



Table 439« Calculated Values of Sulphur Capacity

of Termary CaO-Na
Nya,0/Nsi0,= 0152

2O-SiO system having
at §523 OK

158

2 2
Slag Sample po‘ ps' c ‘ AveCs Loghv C
Composi~ {Number 2 2 S °
ton (x1019)
Calb {
, ﬁ ~ 2 < -4
0.055  TS)4, 871 4-59x10~i 5:206x10°° 5 g a0h 3050
T8186 871  4429x%10 < 3.121x1C
( - \‘4 -
Ce 108 T8189 9ol+7 3082}{10" 60[}08}(10-4 6'343}(10 l.{ “3.20
TS) g 9el7  3482x1C ©  64314x10
TS 192 9.89  3.8Lx1CT 2 6. 307x10"+
0.173  T8jg;  11.20 2.60x10 2 7.617x10™% A
5, 11.20 2.60x10"2  7.555x10°% 7.582x107% -3.12
TS 3914x10-2 7.573x107%

195

11.20




Table 4+40- Calculated Values of Sulphur Capacity
of Ternary Cal-

Na.0~-8i0

System having

159

Moo ofVgo = 0058 at®ls73 oK
2 P
Slag Sample 1 Pg 1 C, AveC, Log &v C_
Compo si«Number 2 2 )
§1on '(xlOlo)
Ca0
0.085  TS;g  2lez  LalTx10_5 3.506x10. "
'I‘S.109 Dle? l4403%x10_< 3{417x10_z 3¢L467%10 =346
TS260 21.2 4+0%x10 3§[{.86X10 ‘
0,108 TS, 24s0  3.49x10_2 7.316x10) 7.254x107%  _3.y
TS50 410 1.20%107 € 7.190x10
0.175 TS,y 548 8.10x1007 9-048x10:/z 8.878x10°4  =3.05
TS0g  S4+8  8+10x1073 8.883x10
T8 6240 7+437x10 - 84704x10

209 -
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Table 4+41 Calculated Values of Sulphur Capacity of
Ternary Ca0~Na20~Si02 System having

| NNago/NSio = 0e84 at 1373°K

2
Slag Sample ,po' ' ps' Cg ave C_ Log Av.CS
Composi=-{Number | 72 2 v
Cal

04064 ngll 6+26  1.60x107% 6.508x107"
TS,5 6026 2.50x107%  6.361x107% 6.458x1074 =319
TS, 6e26 2:50x10™% G.504x107
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Table 4e42 Calculated Values of Sulphur Capacity
of Termary CaO-NaZO- Si02 System having

! — - O
Ny O/NSi‘O = 0.84 at 1423 “K

2 2
. ! ‘ . ~
Slag Composi= {Sample |pPn Pe ) -
tion Number 02 S2 Cs av Cs Log &v L's
N (x101©)
Cal [
04064 TS, 7-82 1.26x1070 9.532x10™"

15, 7482 1026x1070  94217x10°% 9434x107% +3,03
TS, 7 9435 7035x10°% 9. 27151074

04129 S,g 9035 1.05%1077  1.934x107° .
TS, 10,20 5.61x10°% 24 26Bx1077 24164x1072 =2466
TS 10020 5e61x107%  2.292x1072

220




Table 4 o43 Calculated Values of Sulphur Capacity

162

of termary CaO-Na20h8102 System having
o
Ny, o/Ngio = C84 at 473°K

2 2

Slag  Sample D Pe C Av C Log Av C
Cqmposi- Number 02 Sg , 5 S S
glén ' (xlOlO
Cal
0e064 TS, 891 6.79x107° L.112x1077 1.0x1C70  -3.00

TS,,5  8:91  5:.88x1077 0.887x107°

' - ‘ - ~ UB -f‘

04129 TS224 10416 [4+08x10 3 24799x10 3 2.722x10 2+ 57

TS5 1Le15  3.53x107° 24692x1072

S,, 35 3.53x1077 2.675x107°
01235 TSy, 21.0  1.06x10" 3 1e603x1077  L4568x10°5 =243

TE 2140 1.06x10 "3 4. 532x10 -3 |

230
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/

Table 4oLl Calculated Values of Sulphur Capacity of
Ternary Ca0~Na20- 8102 System having

_ o)
NNaZO/NSiO2" 9-84 at 1623 "K

| ) t ) 4 ] 5 i i g bl
Slag Sample Po ' Pg CS ‘ aAv CS Log av Cs"
Composi=j Number 2 2 - '
Cal |

0.064 TS,%q 3L 2 2.78x10° 1-287x10‘3 1.205x10"3 ~2e92
18,5,  e2  2.78x107 1.198x10"°

20132102 -3
TSy53  B4e2 201324077 1.123x10

Wb W

00129 TS,y 42:0 1e41x1077  3.400x1070 3.386x10™° =247

TS 4230 2.04x107°  3.358x10°-
- U237 -3 -3
TS238 4240 2¢04x10 3:401x10

0.235 TSy 540 1.12x1077  5.270x107°0 5e237x10°° =2428
TS, 5heO 1012x10°7  5a204x10° 2
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Table 4445 Calculated Values of Sulphur Capacity
of Temary CaO--Na,}O-SiO2 System having
o

o o}
Ny 4 O/NSio = 0.84 at 1573 “K

2 2
; T T 3 -
Slag iSample ! Po Pq | Cq | av Cg Log av C_
Compo si=Number ! 2 2 _ -
son l(xlolo) ' ' o
Ca0 | . : A
0,064 TS, 5  35.2 1e24x107° 1.609%1072 1.584x10°2  =2.80
- - A
TS,,, 3502 Le2hxl0 ° 1.561x107°

TS, Lhe8  7466x107° 1.585x1077

0.129 T5,., 526 7026%1077 3.686x10°3 3.635x1070 =2l
N TSp,g 5206 7e26x10°° 3.583xlo'3

0e235 TS,g, 6l oly 3~7lx10~3 5-916x10-3 5-893x10’3 e 23
ng53 69.8 l;-lleo’3 5-870x10°3
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Table 4«46 Calculated Values of Sulphur Capacity
of Ternary CaO—Na20-5i02 System having

= Oy
Nya O/NSi02 = 1.03 at 1373 K

2
. - t . . . . - l - .
Slag. Sample Py Pg | Cs | av Cs Log AV CS
Composi=-| Number | 2 2
tion (x10104 1
i ‘ , &

0.076 TS5 Bol  2.48x1074 1.296x10‘3 1,319x10'3 -2.88
TSpe, 54O 2egx10™H 1.327x10'2
TS,c;  6e16  1.65x107% 1.333x1077

0,150  TS,gy 7466 9ub4x10™ 0 2uB12%1077 £4309x10°°0  ~2.62
-~ -~
TS, 7466 9+64x107 2.323x10 3
5,0, 836 9.4 2x10"° 24360%x10"7
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Table 447 Calculated Values of Sulphur Capacity of

Temary Cab~Na,0-SiC
. “~

5 System having

Ngo ofNgjo. = 1403 at 1423 ok
2 2
Slag | Samplef p Pa C | av C Log Av C
Compo si=} Number] © : s S | s . S
tl%Ton {_ (chlc 1
Cal
C.OT6  TS,ps  Te16 1.143107°  1.609x10™° 1.583x107°  =2.80
TS, 7416 1.14x;o"§ 1.569x107° |
TS,ec 7416 14431077 1.544%107°
.0, 7416 1e44x107°  1.608x10°°
0TI8C ISy, B 95 9e22510 ¢ 2.906x10 ° 2481410 > =2.55
TS, 8495 9e22x10™4  2.788x107°
5 10.20 6018:00°%  2.749x1077
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Table Le448 Calculated values of Sulphur Capa01ty

of Ternary CaO~Na O~8102 System having

NN 0/ Si 02 = l.O at 1473 K
Sleg }Sample po' ps' _ C I AVeC ' Log Av-é;v
Cgmposi~ Number . 2 2 S s "
;;lon (XlOlo)
Cal
0:076  TSyp, 406 3.27x107F  1.712x1072 1.739x1077 -2.76
TSony  bhe2 2.39x1074 1.780x10°°
R -3
TSpmy, Llye2 2¢39x10 l.724x10
0.150  TS,,. B2k 1.78x107%  4e330x1070 44273x107° ~2.37
TS 5244 2e44x107%  4.217x1077

277
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Table 4449 Calculated Values of Sulphur Capacity
of Ternary CaO~-Na20--SiO2 system having

. _ o)
NNa2O/NSiO2 = 1.03 at 1523 “K

Slag - Sample Py Pg CS CAv CS | Log av C
Composi~ Number 2 2 , 5
tion (XlolO .

!

0:076 TSy 480 1e41x107°  2.048x107° 2.000x10°° =-2.70
cgo 80 L4107’ 1.919x10™°
5505 4,840 1,21x10f3 2.032x10'3

el TSyz 680 ER39RL0T 4—*5—973i10 L-888x10 ° - éedl
TS,05 810 5:22x107% 4.806x107
296 810 5:22x107% 4.885:1077
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Table 4450 Calculated Values of Sulphur Capacity
of Temary CaO~Na20- 8102 System having

- 0
Nya 0/N8i02 = 1.03 at 1573 "K

2
8lag Sample | Pg Pg | Cg | av Cy Log v C
Composition|Number - p 2 '
N .10
CaC (1077
o L= ’ ' "
0.076 T5287 ; D2ely 7e32x10 e d'/-}lleU 3 2o 399‘\10 -3 ~2eb2
5,05 59e6  6:53x107° . 2.320:107° -
T TSy | 596 6e53x10 "3 2.465x107°
04150 6,05 80.2 30121077 5.275x107 7 Be247x10°° <2428

TS 05 9540 2.01x107° 5. 218107




CHAPTER ~§

SUMMARY AND CONCLUSIONS

©f soda base binary ang temary slag systems have been

Summarised and concluded.

5e1 SUMMARY
Sulphur Capacities of binary soda-silicy slags having molar
ratios, 026, 0440, 0452, Cugl ang 103 at temperatures,

1373, 1473 ang 1873 X are bPresented in table 5+1 whereas, those

for temary lime sode—sittioy slags having Na20/8i02 molaz
ratios 0.26, 0«52 ang 1.03 at above stated temperatures are

in_ table 5020
5+2 CONCLUSIONS

conclusions drawn for binary and ternary slag systems are

enumerated ag followg.

@*2+1l Binary Soda-Silica Slag
(i) Logarithm of sulphyr capacity varied linearly with

\ et J - '.'.'
Nya O/RSiO; ratio at all temperatures of investigation. a



relationship between log C

s and molar ratio of Nazo/Sioﬁ at

1473 is expressed as,

log Cg = -1.314(NNa'0/NSiO )+ 4894 eee (Fel)
2 2

value of d(log Cs)/d(NNaao/NSioz) is practically identical,
haweveyr; log CS increases with temperatures

(ii) Variation of logarithmic sulphur capacity with
reciprocal of absolute temperature is linear and is expressed

in the following form,

~J

log Cg = 2[00« 1.776 ver (£a2)

at NNaPO/NSiOﬂ = O«5. Plots for all molar ratio are parallel.

(iii) Sulphur capacity of soda-silica system lies in between

those of Cal0-SiO

_2_and ggO-CgE?L_ .

Be2s2 Termary Lime-Soda-Silica System
(1) With lime additions there is sharp initial increase
in sulphur capacity which is less pronounced afterwards upto

around 25 mole per cent of limes

(ii) At constant lime concentrations, sulphur capacity

: - a . T :/I‘J ) ' s
increased with “NaQO’ 510 ratios

(iii) At constant silica levals,; sulphur capacity decreased

with decreased lime concentrationses

(iv) Iso~sulphur capacity contours showed higher logarithmic



sulphur capacity values away from silica ende.

(v) Empirical eguivalence between lime and soda has been
establisheds A representative relationship at 1573 between
log CS and mole fractiocns of lime; soda and silica, is found

to be as,.

‘(1.7151¢Na20 + 1.163 Nego = 4~493N5i92)

log CS =

quioz LN ] (E‘QB

(vi) Temperature has been found to cause a significant

positive effect on sulphur capacities.
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Table 5.1- Sulphur Capacity of Binary Soda-Silica

Slags
l Sulphur Capacity x 105
Temperature | NEéd]gioz """ molar ratio
| | 0e26 | 0,40 | 0.52 | 0.8h | 1.03
1373 K - 2620 Le2T5 10.22 1776
173 K 24809  Le4bl 5782 16622 25467

1573 K ' 3.8 5e 507 7767 2249, 37418
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Table 5¢2 Sulphur Capacity of Ternary
Lime~Soda Silica Slags

Sulphur Capacity x 10°

i
!
i
|

ot i

Slag Composition

stere | Na,0/8i0, = 0.26 Na207510é= 0452 Naé0/8i0é=l-03
N N
0:033: 0+066:0:109 0173 QeQF5 {0108 « 00173 0.076 : CelBO.....
1373 34981 6918 1C.23 12:88 1945 39.81 - 131.8  540.C
1473 5¢888 10:23 15.85 1905 2440 56423 69418 17348  L426e6
1573 T-943 13.18 20442 2692 3Z4e67 T2:44 89413 239+9 5oL e8
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SUGGESTICNS FOR FUTURE RESZEARCH PROGRAMMES

1. Experimental studies may be carried out to detexmine
sulphur capacity of soda-alumina, soda-sillimanite systems

also; as alumina is an important constituent of slagse

~

2e Other alkali based systems ee¢gs potassium oxide
lithium oxide in combinations with silica and alumina could
be the subject of interest in the field of desulphurisation
as they are likely to perfomm betfer in refining owing to
their lower enthalpy values for silicate formation,; lower
activation energy requirements for ionic conduction and
lower ion oxygen attraction in comparison to other basic

oxidess
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