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ABSTRACT 

The desulfurizing powers of aplite, aplite-soda ash 

mixtures, and aplite-dehydrated lime combinations when added 

to a ladle of cast iron were tested. Ladle conditions were 

Simulated by melting cast iron in a crucible and introducing 

the reagent mixtures into the molten metal by means of a cast 

iron cup and steel rod. 

It was found that in every case the desulfurizlng 

power was appreciably below that of soda ash and did not war

rant testing the mixture to determine its effect upon the cor

rOSion of ladle refractory linings. 
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I. THE INTRODUCTION 

~he desulfurization of cast iron is a problem of 

international metallurgical importance. llesulfurization, e.g. 

reduction in the sulfur content by the addition of suitable 

reagents or slag forming materials to molten cast iron, is 

practi ced in England, .lfrance, Germany, Italy t Japan, and other 

countries as well as in the United states. 

Benefits of sulfur reduction are increased tensile 

and transverse strength and improved machinabili ty (1). During 

the usual desulf'urizing process slag incluSions are said to be 

washed out of the metal, thus producing iron of greater fluid

ity. This enables the iron to be cast at lower temperatures 

or into intricate shapes (2) (3). For these reasons desulfur

ization is being practiced more and more by foundries that pro

duce superior cast iron. 

Desulf'urization of cast iron is done by addition of 

a reagent either to the ehar~ of the melting furnace or into 

a reservoir of' the molten metal. It is done usua11y in the 

forehearth of a cupola furnace or in a teapot reservoir ladle. 

A strongly basic material is the rea~nt employed. 

Soda ash (Na2C03) is considered by many to be the best and is 

widely used. It is an efficient desulfurizer but, like any 

basic material t introduces the evil of severe refractory corro

sion. So severe is the attack of' the hi ghly a.lkaline slag on 

the siliceous refractory linings usually employed in the fore-
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hearth and ladle that the life of the lining is reduced from 

weeks to days. 

Although originated for the improvement of cast 

iroD, desulfurization in the ladle has recently achieved in

creased importance through application to pig iron. Ey per

forming the bulk of sulfur removal in a reservoir ladle in

stead of in the blast furnace, it is possible to produce pig 

iron ot low silicon content. The making of this basiC pig 

iron enables the operator to run his blast furnace at lower 

temperatures, thus saving in fuel, time, and operation costs 

(4). And the iron is equal to the regular type in the mak

ing of steel and even superior for oasting certain types of 

cast iron. In England pi g iron desulf'urization in ladles 

with soda ash is already being done by the Erassert Prooess. 

In the Uni ted States the :Bureau of Mines has worked 

on sulfur removal from pig iron. A new reagent, oalcium car

bIde (CaC 2), has been tried in both pig and cast iron. It 

has ryecn found to be even more efficient than soda ash when 

introduced properly and to eliminate abnormal refractory cor

rosion also. The problem of its proper introduction has not 

yet been completely solved, however. 

:Many reagents and slags other than soda ash have 

been experimented with by investigators. These include re

agents alone and mixtures of reagents and soda ash. .Among 

these has been feldspar. But although the desulfurizing pow

er of the materials was investigated, little attention was 
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paid to the effect of their use on refractory corrosion. 

Studies of the corrosion of refractories by soda ash 

ladle slag have been performed at the Virginia Polytechnic 

Institute by Dear and Haff. Their results were read by the 

Dominion Minerals Corporation who then suggested the use ot 

aplite, a soda containing feldspar mineral. as a desulfurizing 

reagent. Their belief was that its use mignt reduce refrac

tory corrosion. 

It was the purpose of this investigation, then, to 

determine the sulfur reducing power of aplite when used alone 

or with soda ash in a ladle of cast iron and to learn the effect 

ot aplite-soda ash mixtures on refractory corrosion. 
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II • THE REVIEW OF THE LI TERATURE 

A. ~he Mechanism· of Ladle Desulfurization and 

the Desulfurizing Aotion of Various Reagents 

1. How ladle desulturization of cast iron with soda-ash 1s 

carried on 

It has been stated as theory and proven by widespread 

practice that iron as tapped from the cupola is not in physi

ochemical equilibrium with such impurities contained in it as 

iron sUlfide (FeS) and manganese sulfide (MnS). These inclu

Sions can be removed by the introduction into the molten metal 

of a reactIve slag (6). :loda ash is the material widely used 

for this purpose. 

This slag forming reagent, either in the form of fused 

blocks (Purite) or a compressed and bonded powder, is thrown 

into a teapot reservoir ladle of the molten cast iron. A1most 

immediately there is a violent boiling action as the Na2C03 

fuses and li berates CO 2 • The evolution of this gas plus other 

gases formed in the desulfurizing reactions, and the stream of 

iron flowing into the ladl.e are the means by which the reagent 

is. dispersed through the metal (6). 

2. The chemical reactions involved using soda ash 

Evans (7), Cololough (8), G1rardet and Lelievre (9), 

and other investigators state that the reactions occurring in 
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soda ash desulturization are both varied and comple.:x:. Search 

in the literature revealed that practically no work has been 

done toward determining thermodynamic and reaction rate data. 

The reactions given by investigators are admitted to be pro

bable and to be considered trom the standpoint of the end re

sul.ts only. 

The uncertainty about the exact reactions taking 

place are illustrated by the four sets of equations that have 

been put forth by the Mathieson Alkali Company, makers of 

"Puri te t if at four different times: 

In 1928 (10) 

1 . 
(a) Na2C03 'f ~leS • N82S -I- .i!leO I- C02+ 

(b) Na2C03 t ltlllS .. Na2S t MIlO t 00 24 
2. lVa2S '/- (lJiB) I- N&2CO :; .......... 2Na20.,L (~ltt- 502 I- cot 
3. lia2S + 2(lii8)f (;-..... 2Na20f ,n>t f soatf cof 
4. Na2S I- ,:n8) ... 2Na f (B~ f SOd 

6. 2Na + b'eO -8iO 2 - ~Iet + Na20 .SiO 2 

6 • Ha2S.,L SiO 2 I- ]'eO ----- Na20 .~iO 2 I- Fe~ 

Also Na2C03 ---Il1-o 1~a20 and CO+ to ---. COJ 
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In 1929 (Na2COa Used AS Slag In Air burnace) (11) 

* N'a2C03~NagO I- C02 

Primary Reactions 

(1) HaZO I- MnS~NaZS f MnO 

( 2) Na20 f ~leO ·S10 2 f C ~ Na2S10 3 f CO + :&'e 

(5) NsgO -I- 2FeO t )"'e·Sl~ 1Ia2S103 f It83 

Secondary Reactions 

(A) NagS f Fe203·S102:::::;:Na2SiOa f S02 f ,'e2 

(:13) 1I&2Si03 f b'eO •5i0 2" ... lia2(Si03) 2 f ]'8 

(e) NagS f :;)10 2 f FeO:::: Na2Si03 f FeS 

In 1934 (12) 

KagOOS f b'eS .......... Na2S f ]·eO f CO 2 

C02 f Jf8 z4 • lreO f CO 

NagS + !FeQ + j 1eO ·SiOg II .. Na25i03 + S02 + 3~'e 
HaZO f 2b'eO f b'eSi.........--... Na2S103 f 31fe 

In 1938 (Pig Iron t by It;vans) (7) 

1~a2CO 3 f SiO 2 a l'4a2SiO 3 f liO 2 (1) 

J!'eS t Na2C03 t 2("; = Na2S t b'e f 300 (2) 

( 3) 

Evans t (13) description of the above, the most recent ot 

the four sets of equations. is given in brief to present a more 

complete picture of the process: 

The maJor portion of the ~ulfur in pig iron is assumed 

* Described but not listed 

f Pig iron is similar to east iron in oomposition 
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to occur as iron sulfide (FeS) and manganous sulfide (llnS). 

!he FeB is soluble in molten iron and the MnS is an insoluble 

compound suspended in the metal bath. 

Reaction (1)-- This represents all combinations ba

tween the Na2C03 and slag or entrapped silicates in all molten 

cast iron. It includes silicon (Si) from the iron and silica 

(3i0 2) ~rom the ladle refractory lining. MnS is removed at 

the same time and with the same speed by a mechanical scrubbing 

action. 

Reaotion (2)-- This inoludes any reaction with MnS 

and illustrates the true desulfurizing process. Its speed de

pends on the amount of siliceous inclusions and sulfur present, 

the more the sulfur. the taster the reaction. Silioates slow 

down this reaction and an excess Will practically end it. 

Reaction (3)-- This represents any conversion of sul

fides in the slag to gases. Most of the sulfur in the slag is 

oxidized. 

Reaction (4)-- This is taken to represent all manner 

of reversion of sulfur trom the slag back into the metal bath. 

The speed increases as the total acids in the slag increase. 

Colclough (4), in his article desoribing the use ot 

soda ash in the Brassert Process t lists the following set of 

reactions: 
Primary Reactions 

(Formation of Na2S, FeO, and MnO) 

(1) Na2C03 f FeS(MnS) = Na2S 1- CO 2 1- FeO(MnO) (Desulfurizaticn) 
(2) CO 2 t Fe : FeO t CO (Oxidation of iron) 

• CO f to 2 = CO 2 
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Secondary Reactions 

(Formation of silica.tea of Fe and MD.) 

(3) 2Feo f S1 : Fe t S10 2 (Reduction of FeO by 5i of metal) 

(4) FeO + l{n : MnO f Fe (Reduction of FeO by M.n of metal) 

(5) 2(FeO t lvUlO) of Si02 = 2(FeO-}.[nO)Si0 2 (Formation of siliceous 
slag) 

* NaaS.f 3/2 02--to-:l&0 I- sOat (Oxldation of the Na2S at the Slag 
surface) 

Joseph t Scott t and Tenenba~u~m (6) oonsider the soda 

ash reactions in cast iron to be as proposed by Colclough. 

Le:l1e-rre (14) proposes reactions for pig iron which 

differ from both Evans and Colclough: 

( 1) 

( 2) 

( 3) 

NaaC03 : CO 2 + Na20 (Decomposition of soda by heat) 

2NaaO f Si : 4Na f Si02 (Reduction of Na20 by the S1 of 
the iron) 

MnS(FeS) I- Naa = NaaS I- Mn(Fe) (DeaulfUrization of MnS 
and FeS by Na) 

(4) BaaO f S10a : Ha20-Si02 (Formation of Na silicate) 

Glrardet and Lebevre (9) studied the desulfurlzation 

of cast iron with Wa2C03 by means of the reaction! 

FeS + Na2C03 f 2C : Na2S f Fe f 3CO 

They state that metalllc Na Is produced during the 

action and it is the metallic Ha which reacts with the sulfides. 

Oelsen and Middel (16) made a comprehensive study ot 

the efficiency and limits of this method to gain a practical 

basis for its application. They say that an appreciable re-

duotion of the soda to metallic He. begins only after the 

* Described but not listed 
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sulfur oontent has been reduced to less than .061&- Na2S is 

said to be a solvent for FeS, thus giving rise to the equation: 

Na 23 f FeS --.- N&25 ·FeS 

Korber and Oelsen (15) through extensive laboratory 

studies and plant tests have found that Na20.Si02 has some 

desulfurizing action. Henee still another equation maybe 

written: 
Na20-Si02 + FeS(MnS)---Na20.Si02 - FeS(MnS) 

3. The desulfurizing actions of the constituents of aplite 

fl. The Minerology and Composition of Aplite -- Krans, 

Hunt, and Ramsdell (17) desoribe aplite as being "an extremely 

fine and even-grained rock consisting largely of quartz and 

orthoclase (feldspar) with a very subordinate amount of dark 

material." It occurs as dikes, e.g. fissures in larger rock 

bodies containing intrusions of igneous material. The min

eral 1s termed ac:ld by Kraus, Hunt, and Ramsdell, which refers 

to the silica oontent. The aplite used in the investigation 

consisted of Silica (8102)' 59.9070; alumina (Al~3)' 23.78fo; 

calcium oxide (CaO) , 6.20~; sodium oxide (Na20), 6.3l~; Po

tassium oxide (K20) , 2.96%; and ferric oxide (Fe 203), .19~. 

b. ":Basic! tln and Desulfurization -- It is a generallY' 

accepted fact that increased "basicity-II improves desulfuriza

tion (18). "Basicity" is defined as the ratio of bases to 

acids t in the case of blast furnace slags this being (CaO + MgO) 

to (Si0 2 t A1 203) (l9). Recent work by Holbrook and Joseph 

of the u. S. Bureau of Mines (20) has shown, however, that 
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there is no simple relationship between "baslcityn and the 

power to remove sulfur from iron. It was shown that "to re

late basicity and desulfUrization MgO cannot be combined with 

CaO as [total bases', nor can A1 203 be combined with ~i02 as 

'total acids.' Moreover, A1 203 cannot be ignored in computing 

'basicityl, as is frequently done. Each oxide has its own 

effect on desulfurization, and the degree of the effect is not 

constant for all ranges of composition." 

c. The Action of Silica -- Although there has not been 

accumulated thermodynamic and reaction rate proof, it has been 

the experience of many investigators (IS) (9) (21) (16) (16) 

that soda ash when added to east iron will react first with 

any silica in the metal, such as siliceous cupola slag, before 

combining with the sulfur. This is given by Evans (22) as the 

reason for the erratic results generally found with desulfuriz

ing tests in blast-furnace transfer ls,dles. He explains that 

Since the soda ash reacts first With entrained silicates in 

and furnace slag accompanying the metal, variations in the 

amounts of these constituents produce variations in sulfur re

duction. 

The Mathieson Company (23) states that ordinarily 

one pound per ton of Purite is required to neutralize entrained 

slag and cupola slag coming with the iron. They (24) warn that 

tor affi cient resul ts the silica contents of the slag should 

not exceed 3010. Wi th an appreCiable increase above 40jb, reac

tion (4) of Evans will take place and the sulfur will go back 

into the iron. 
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Wood, Barrett, and Holbrook (26) of the Bureau of 

Mines say that return of sulfur from the slag to the metal 

will take place after desulfurization unless the slag and 

metal are separated at the proper time. '.fhis is attributed 

mainly to the silica taken by the slag from oxidation of 

part of the silicon in the metal and by corrosion of the sil

iceous ladle lining. 

Nevertheless, two patents (26) (27) have been taken 

out in France (1936 and 1937) for the desulfurization of 

steel by means of an alkaline base such as Na,2C0 3 and a com

pound such as 3i02' A1 20 3 , or Ti0 2 • !he purpose of the com

pound is to form with the base a compound stable at a high 

temperature. The compound (5i0 2 , A120Z or Ti0 2) is to be 

added in amount insufficient to saturate the base. The same 

principles that apply to alkali desulfurization of cast iron 

are true also for steel. 

Moreover, a method (28) for adding alkali or alka

line earth metals into a bath of molten metal for alloying 

or purifying has recently been patented that involves, in the 

case of purification lor desulfurizationl, 5i0 2 or A1203 to 

the metal. The alkali is formed into an elongated core which 

is surrounded by a closely fitting tube consisting of the 

metal of the bath or of fluxes, such as 3i0 2 or A120Z• 

Korber and Oelsen (15) in 1938 and l~ddel and Oelsen 

(16) in 1939 during their intensi ve investigation into the 

mechanism of soda a.sh sulfur reduction studied the stabili ty 
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at l3000to 1400° C. of the N&2S formed. They concluded that 

the Na2S is stable at these temperatures in the presence of 

the melt and does not require any flux. such as Na20·Si02 to 

keep it dissolved in the slag. The author s advise that for 

maximum sulfur reduction, it is best to use soda ash alone, 

free from silica. 

Nevertheless, Korber and Oelsen (16) did discover 

that Na20.Si02 has some desu1furizing action since it may 

react to form N8.2S and tends to dissolve out ]'e8 from the 

batch. In the following year (16) Wdddel and Oelsen furnish

ed quanti tati ve evidence of this. Deseri bing sodium silicate 

to be a good desu1.furizer, they state that it can absorb about 

5.10 sulfur a,t a final content in the iron of .OO,h and about 8i> 

at a .1,0 final sulfur. They found that the desulfurizing ac

tion of silicates depends largely on the temperature; increase 

of temperature from 1200 0 to 15000 C. (for the same initial 

sulfur content) increases the final sulfur to about twi ce the 

amount and the ratio (SNa) : (SFel to 4-5 times. 

That Na20 .3102 had desulfur1zing power was believed 

already in 1927 by Bardenheuer and osterman (29). They descri b

ed desulfurization by alkali oxides as occurring by slag for

mation in the presence of Si or 1m. The authors state that 

alkali silicate melts can hold 20/~- 301Q Na2S and 30 l J - 40,0 MnS. 

However, the end of the soda reaction is reached when no free 

alkali oxide is present in the Na2Si0 3 slag formed. 
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d. The Action of Alumina -- Alumina (A1203) is often 

considered an acid constituent of slags (19). Metallfrax (30) 

considers A120Z basic in listing the compound among the con

sti tuents of a pa,tented basic desulfurizing slag. Recent work 

of the U. S. Bureau of Mines, described in the section on 

"Basicity and DesulfurizationU has shown that it is incorrect 

to prophecy the desulfurizing power of A1205 , or any oxide, by 

its basicity or acidity. 

There is disagreement as to whether or not A1203 has 

desulfurizing power. lt i8 the opinion of Bardenheuer and 

osterman (29) that A1 203 slags have no advantage over 5i02 

slags. (i.eller and :Bardenheuer (31) go further and Bay that 

desulfurization with A1203 does not take place. Joseph and 

Holbrook (32) in 1936 found that the substitution of alumina 

tor silioa improved sulfur removal over the temperature ran~ 

14400 - 1660 0 C. In an extensive investigation of blast-fur

nace slags carried on the following year by these engineers of 

the Bureau of Mines (33) t this was corroborated. Additional 

evidence is furnished by Mikulinsku and Umova (34) who found 

that above 1400° C the following reaction proceeds to the right~ 

A1 203 t 3FeS f 3C~ A12S3 f 3Fe f 300 

The adding of A1203 to an alkaline base in desul

furization in order to form a compound with the base has al-

ready been mentioned (25) (27). Its addition in the form of a 

tube surrounding the alkali has also been described (28). The 

actions of A120Z • Na20 and A1203 · 3i02 were not found in the 

literature. 
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e. The Action of CaO -- The usual assumption about 

the desulfurizing action of CaO is tha.t sulfur removal takes 

place by diffusion of FeB from the metal into the slag where 

it reacts with CaO (36). This may be expressed as tollows: 

(l) FeS( metal i 4 • FeS( Slag) 

(2) FeS(Slag) -/- CaO~CaS(Slag) f FeO 
work 

Recent of the Bureau ot Mines (36) has, however, in-

dicated that the above reactions are not correct. The action 

is supposed instead to consist of reduction of GaO to metallic 

calCium, which then enters the metal phase and transports CaS 

to the slag phase. 

It is stated by Tammann and Samson-Eimmelstjerna (37) 

that in the open hearth steel making furnace, CaO combined 

with 8i0 2 has no desulfurizing action. Nevertheless. the Bur

eau of ilines (38) is at present studying the equilibrium con

ditions in the following two reactions of the blast-furnace, 

which are listed as desulfurizing reactions: 

1. CaO .SiO 2 f IileS:;::: CaS f CaO· (FeO) .SiO 2 

2. CaO ·~iO 2 f .Fes ----- CaS
l t CaO· (FeO) ·SiO ~l 

Slag Iron ------ S a 1:1 e.g 

t. 

desulfurization has been covered in the seotions describing 

the action of sods. ash.. 1...20 acts similarly to Na20. 

is negligible. however, as FeO 1s formed when soda ash is 

used. it might be well to tell of its effect. According to 
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R. I. 3419 of the Bureau of Mines (38) Fee has an adverse ef

fect on desulturization (in blast-furnace slags). This has 

long been known, the report states, but quantita.tive data have 

been lacking. Study of the reactions given previously indicates 

that b'eO favors the reintroduction of the sulfur from the Na2S 

back into the metal as b'eS. This is one reason Wood ,Barrett, 

and Holbrook {25} warn that in alkali treatment the slag must be 

separated from the metal at the proper time. They say it is 

uconce1v.able" that some of the resulfurization may be caused by 

an increase in the ferrous oxide content of the slag as a result 

of atmospheric oxidation. 

4. ~'eldspars as desulfurizing agents 

Thorough review of the literature from 1926 to 1940 

has unearthed only three mentions of the use of feldspars in 

sulfur reduction. Of' these t one is a b'rench patent (1933) (39) 

for the refining of metals by means of a finely divided solid 

slag. lfeldspar is one of the fluxes listed to gi ve fluidi ty to 

the slag. 

In 1930 the use of Italian lavas rich in leucite (a 

feldspathold, KAl( Si03)2) and containing 9-l1~ K20 was advoca

ted by Poasenti (40). Tests were made on one kilogram crucible 

mel ts of cast iron previously made up wi th J:.l'eS and containing 

only about .1jO manganese to avoid desulfurization by manganese. 

A mixture ot one kilogram of iron oontaining .18fo phosphorus 

and .81D sulfur, 333 grams of leuei te of 910 I\~ t and 100 grams 

of CaO gave a slag containing 1.2op sulfur. and the iron dropped 
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to .10% phosphorus and .955~ sulfur (It is evident that 

there has been a typographical error and that either the 

ini tial sulfur oontent was 8,0 or the final was .095610. The 

latter is probably the case.). Another teat on one Kilogram 

of iron with 1.42fo P and 1.lO~ S, 260 grams ot leucite of 

l7.5~ K20 (achieved by magnetio concentration). and 50 grams 

of CaO gave a slag containing 1.86fo S, and the iron fell to 

.75,0 P and .052,0 S. The sulfur was said to be in the slag 

as K2S. 

In 1934 the reactions for sulfur reduction with 

feldspars (Potassium containing) were given by Gnedras (41). 

Stating that leueite and feldspar have been used as desulfur

izing agents, he lists the following reactions by which com

plete desulfurization can be achieved with a potassium salt 

(lauei te) : 

( I) FeS t K20 f C - K2S f CO f b'e f 10,450 calories' -
( 2) FeS i K20 - K2S t FeO t 47,100 calories -

5. The removal of sulfur and inclusions bl the use of slaS! 

and dis12ersion 

B.. The Effects of Dis;2ersin&S SlatSs In Iron -- In order 

to hasten the reaction between a molten metal and the slag 

Perrin suggested dispersing the slag in the liquid metal. In 

such emulSions the contact is very intimate and forces the 

reactions to an equilibrium almost instantly (42). Ey the 

p'errin process deoxidation, dephosphorizt:;ttion, desulfurization t 
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and inclusion removal are possi ble (43). 

b. The Removal of Sulfur -- Ordinarily soda ash and 

other desulfurizing reagents are simply thrown into the ladle 

of iron. The evolution of gases and flow of metal into the 

ladle are thought sufficient to give good dispersion of the 

rea~nt throughout the metal. That many do not agree with 

this belief is shown by the large number of devices and meth

ods that have been patented for more efficient dispersion of 

the desulfurizing material. E'lfteen were found in the li ter

ature. 

Among the more recent work done on this problem is 

that ot ,Joseph, Scott, and Tenenbaum (5), who desulfurized 

800 pound melts of cast iron by introducing caustic soda into 

the ladle by means of steel pipe. A short section of 1t inch 

pipe was threaded at one end, which then screwed into a cap. 

The cap was drilled and threaded to allow the introduction of 

a cold-rolled lO-foot rod. ~everal pipe nipples were then 

filled with fused caustic, screwed onto the rod one at a time, 

and introduced below the surface of the metal. 

By dispersing the reagent mechanically in the iron, 

it is also pOSSible to use ordinary open hearth (44) and other 

basic slags (65) for desulfurization in a ladle. 

c. The Removal of Inclusions -- The removal of inclusions 

from cast iron during desulfurizatlon with soda ash is claimed 

to be the second of the two-fold benefit from its use. Accord

ing to Hennig (46) the iron oxides are removed from the iron 
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by the boiling action of the CO 2 passing through the metal. 

It has been shown in practice that soda ash treated metal is 

more machinable and has !)'Teater fluidi ty (1) (2) (3). Recent 

experiment conducted at the Radford Foundry, Radford, Virginia, 

bear this out (47). The cause is laid in part to the washing 

aVlay of inclusions t and mioroscopio evidence (2) is said to 

veri fy thi s . 

Another use of dispersed slags is for inclusion re

moval. According to V-tandon (43) in refining iron the non

metallic inclusions can be eliminated by mixing intimately 

molten artificial slag with the molten metal, the slag carry

ing along the impurities from the metal. A. N. S. patent {48} 

describes such a procedure for iron and steel with the excep

tion that the purifying slag is that of the furnace in which 

the steel is produced, the metal being poured through the sep

arated slag after deoxidation. Another patent (49) involves 

adding to steel l~ of finely divided slag forming materials 

consisting largely of alumina and advises adding the material 

to the 1ngpt mold. 

Although the inclusion content of cast iron is judged 

by the behavior of the iron, there appears to be no reliable 

method of exaot inolusion analysis. It has been found by two 

investigators (60) that microscopic determination disagrees 

wi th the electrolytic method. Moreover, the recently developed 

electrolytic-iodine method of Scott (61) when applied by Joseph, 

Scott, and Tenenbaum (5) evidenced that caustic soda did not 
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reduce the inclusion content of cast iron. This is contrary 

to other microsco~ic evidence (2) as well as the supposed cause 

of better machinability and fluidity of soda treated cast iron. 

6. other Reagents That Are Used For Ladle Desulfurization 

There have been a host of reagents and mixtures ot 

rea€6nts patented or advised for use in the desulfurlzatlon 

of metals. The following list of reagents and reagent mix

tures for sulfur removal from cast and pig~ irons in the ladle 

has been found in the literature: 

1 . Soda ash (Na2C03) 

2. N8 2CO 3 and GaF2 ( 52) 

3. Na2C03 (dehydrated), NaNoZ (dehydrated), 

a.nd CeF2 (53) 

4. NS 2CO Z ' CaCO 3' and CaF2 (54) 

5. Na2C03 (25/'0), Ca.F2 (25/~) t and GaC03 (50;0) (4) * 
6. Na2CO 3 (15-3010); CaO, limestone and (or) dolomi te 

(30-80/0); and CaF2 (5-001~) (55) 

7. Mixture of l/~ - 1/6 CaF2 and Na2COZ plus a 

greater amount of tJaC0 3 (65) * 
8. Na2C03 and ground UaC03 (57) (58) 

9. NS2COZ (50~) and FeSi (60~) (59) 

10. Na 2C03 in a slag (45) 

11. NaHCOa ( .5 - .1,1)) (21) 

12. Mixtures of Ne.OH and CaCO Z (50) 

* Pig iron 
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13. NaN0:3 and wood ash (51) * 
14. NaCl (.5]0 moi st), FeSi (.02/0 containing 85;6 Si) t 

and charcoal ( .05,0 ground wood) (52) 

15. Na2SiF and powdered Al plus a metallic deoxidizer 

such as Si, Ti, or Al (53) 

15 • Alkali metal chl.ora te, preferably KCIO 3' and MnO 2 t 

Na2C03' NaF, and H3B0 3 (64) 

17. Alkali carbonate and CaF2 {2 - 40/~} (55) 

18. Alkali metal fiuoride (such as NaF) and CaO 

(CaC0 3 and cryolite also) (56) 

19. lvtixture of carbon and B,n alkali metal compound in 

the molten condition (Na2C03 and C with Na20) (57) 

20. Alkali metal in B. tube of slag forming substance 

( Si0 2, A12c:i (28) 

21. Double fluoride of an alkali metal and a non-alkali 

metal plus Al powder (68) 

22. Hydride of an alkali, alkaline earth, or rare earth 

metal lup to 2;6). Mixtures of these hydrides with 

the corresponding silicides may also be used (69) 

23. :Metallic calcium agglomerated in the molten form with 

solid subdivided iron to form a mechanical mixture. 

Other similar mixtures of alkali and heavier metals 

may also be used (70) 

24. Calcium carbide (71) 

25. ~eryllium (72) 

* Pig iron 
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26. Cerium wi th Al t Ca, Nig, or Si (73) 

27. Silicides of Ca, Mg, and Ba. (74) 

28. ALi, Ca, Si composition (76) 

29 • Si - Ti (20/~ Ti) or Ca - Si - Al or S1 - Ga and 

Na2CrO 2 or Na2COZ (43) 

30. Basic slag containing caO (55~). 3102 plus CaF2 (25~), 

and Al 20 3 or Na20 (30) * 
31. Suitable basic slag (76) (77)* 

32. :Basi c slag of ])e, FeO, and CaO (78) 

33. Manganese (77) ¥ 

34 • Green slag containing 29.7,'0 :Mn (79) * 
The following are reagents and reagent mixtures that were 

listed for use in sulfur removal from steel only. This does 

not mean that they are not appli cable to cast and pig irons. 

1. Sodium vapour (80) 

2. Hydrogen gas (81) 

3 • Beryllium (82) 

4. Ns 2CO Z ' and a compound such as A120S, Si0 2 , or Ti0 2( 27) 

5. Alkali metal carbonate and A1 20 Zt 'fi0 2 , or 3i0 2 (26) 

5. 1Ia2C03 t Ba02' :Klm04, and NaCl0 3 (83) 

7. Alkali carbonate and ("BeO 2 or KaU20S or Mn0a) (84) 

8. Iron with Ti (15 - 25fo) , C (1.5 - 5~). S1 (up to 3.5fo) , 

and Al (up to 3~), the C being t of the Ti (85) 

.A brief general review on the mert ts of these reagents and. 

mixtures is proper a.t this time. It is the opinion of several 

investigators that reducing conditions are necessary (29)(50){76) 
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or at least very helpful (85) for sulfur reduction by use of 

alkali carbonates. The alkali chlorides are also said to be 

effective only in the presence of reducing materials (85). In 

the case of pig iron, however, the carbon content is said by 

Oelsen and Middel (l5) to be a suffic1ently strong reducer for 

the FeO formed in the slag so that no other reducing'agents 

(Si or Mn) are required for the soda. 

The above paragraph explains NS2C03 mixtures that 

contain Si, Mn, or their combinations with iron and other met

als and other reducing agents. Another reason gi ven for the 

addition of 51 with the reagent is to protect the Si of the 

metal (29). Fe - 31 in the amount of 50fo is said by one in

vestigator (59) to increase desulfurization with Na2C03. 

The addition of lime to soda ash has been found to 

be beneficia.l by several investigators (4) (21) (58) (69). 

As partially summed up by Colclough (4) in describing a mix

ture of soda ash, lime, and fluorspar, "The mixture •.• also 

increases the efficiency of the Na2C03 as measured in pounds 

of sulfur removed per pound of carbonate used, by providing 

bases to combine with the silica which is formed in the sec

ondary reactions (See Seotion II, a) •••• and thereby 11 berat

ing the whole of the sodium base for oombination with sulfur.tt 

!h1s is in addition to desulfurization by the lime itself, and 

the slag produoed is of such fluidity as to be readily skimmed 

trom the surface of the metal. The purpose of the fluorspar 
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and other fluxes is to make the CaO or CaCe [' fluid, in whi eh .., 
condi tion the latter can react wi th and remove sulfur (87). 

It might also be proper to note, before continuing, 

that Na 2C0 3 1s considered. by at least one investigator (87) 

to be the best desulfurizer of the alkali carbonates. 

7. The Work of the U. S. Bureau of Mines on Desulfurization 

a. Blast Furnace Studies -- For several years the 

Blast Furnace Studies Section, Metallurgical Division. U. s. 

Bureau of Mines has been carrying on desulfurization studies 

in connection with the blast furnace. This includes articles 

on "Effect of Temperature On the Desulfurizing Action of Man

ganese in Basic Pig Iroli-~ and "Effect of Replacing Lime Wi th 

Magnesia On the Desulfurizing Action of Blast Furnace Slag" 

(88); and ~rhe Thermodynamic Properties of Sulfur and Its 

Inorganic Compounds"( 89) • 

Other work, which has already been referred to, 

dea1t With nSilica and Alumina In Iron Ores ff (32); tfThe Rel

ati va Desulfurizing .l:'owers of Elast Furnace Slags" (19) (18); 

and "Equilibrium Conditions in Desulfurizing Reactions" (38). 

b. Development of Galoi urn Carbide (Ca.C2) -- The use of 

calcium carbide by the Bureau of ~:1nes for sulfur reduotion 

in pig iron and cast iron has been briefly mentioned in the 

Introduction and elsewhere (25). Calcium carbide. in the 

form of briquetted mixtures wi th NaCl or other reagents, we.s 

introduced below the surface of molten pig iron in crucibles 



- 24 -

by means of a graphite rod and holder, or graphite dispersing 

uni t. ltlelts of 200-300 grams t 1600 grams, 8 pounds ere de

sulfurized in this manner. Salt (NaCl) was found to be the 

best dispersing material. 

When the carbide was tried at several steel plants 

by adding in the usual methods--throwing into the bottom of 

the ladle, metal stream in the runner, and so forth--the re

sults were unsatisfactory. A large dispersing unit was then 

built to treat one-ton charges of cast iron in the ladle. 

When tried this time, the results were superior to those aohiev

ed by use of an equal weight of soda ash (about 10 :pounds per 

ton) . 

B. The Effect of Desulfurizing Reagents on the Ladle 

Refractory Lining 

1. The Extent of the Corrosion 

The usual type of ladle lining refractory in use 

where desulfurization with soda ash is carried on is a fire

clay, acid in nature. When soda ash is added to the ladle, a 

slag that is very basic and very fluid is produced. So great 

is the attack of this highly alkaline fluid slag on the re

fractory linings that the life of the lining is often reduced 

from weeks to days. In one foundry (90), for example, where 

six weeks service was regularly obtained from ladle linings. 

the addition of 0.20% of soda ash reduced the refractory life 

to one week. Again. at the Radford, Virginia, plant of the 
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Lynohberg Foundry Company. the ladle li fa, because of soda 

ash d.6sulfurization, is only about 10 to 12 heats (9l). 

2. The Mechanism of Attack 

Dear (92), Hoff (91), and recently Parker (93) of 

v. P. I. have investisated the attack of soda ash slag on 

ladle refractories. Dear studied the physical structure of 

the ladle bri ck used a.t a particular foundry; Hoff investi gated 

the resistance of various types of refractory bricks. acid and 

basic, to the penetration of the slag under static conditions; 

and Parker reinvesti~ted Hoff's reoommendations under dynamic 

condi tiona by means of a rocking furnace. 

·The brick studied by Dear and oonsidered the average 

foundry ladle brick by Hoff and Parker, is a ladle brick cur~ 

rently used in open-hearth practice, (94) (95) as well as in 

foundxies. This is a siliceous fireclay of relatively low re

fractoriness (94) {96}. Beginning at 2200 0 F Dear determined 

a 120% increase in bulk volume over that of the original. 

It is this bloating characteristic of the brick that 

makes for its use in ladle linings Since at high temperatures 

the plastic mass tills in all joints, thus sealing the lining 

effectively (95). But thie plasticity at high temperatures 

when the lining is subjected to the action of soda ash also 

makes for severe corrosion. 

!he mechanism of attack is well descr1 bed by »ear 

in the following paragraphs~ 



- 26 -

"The glass, the cristobolite (a polymorphic form of 

5i0 2) and the other forms of silica in the briok were taken in 

solution first. followed by the finely divided mullite (3A1203.2SiO~ 

and clay body. The presence of well-crystollized mullite 

needles as the persistent solid phase at the alag-refractory 

interface indicated that the liquid at the contact SQrface was 

enriched with Alumina (A1203). 

"The condition throughout the contact area is some

What as follows: (a) a very fluid, highly basic liquid grad

ing back through (b) , a liquid of increased viscosity in which 

the content of iron and manganese oxides and alumina appears 

to be greater, to (c), a liquid of relatively higb ViSCOSity 

at the interface, caused by solution of refractory enriching 

the alumina and silica content to the point where abundant 

mullite takes place. Immediately behind this viscous layer is 

the vesicular layer of the refractory where more or less lo

calized penetration and fluxing occurs. This is pictured a8 

the 'condition gradlent T before each tilting of the ladle. 

nwhen the ladle is tilted, the very fluid, highly re

active liquid slag moves down the back wall and up the front 

wall. Mechanical erosion is then effective. The flow of fluid 

slag washes away the dissolved and corroded material, exposing 

fresh areas of refractory for subsequent attack. pouring com

pleted, the ladle is returned to the normal position. The re

active slag. reversing its travel. moves up the back wall and 
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down the front wall, washing the freshly exposed areas and 

bringing up less saturated slag liquid to renew the interfacial 

corrosioll ... 

3. Methods Proposed to Overcome the Corrosion 

a. Using a Better .l.'(efractory -- AS a rawl t of his 

studies, vear suggests using a brick of higher alumina con

tent. Such a brick would gi ve It.se to more mUlli te formation 

in the slag-refractory contact area, greater viscosity of the 

residual slag, and a smaller amount of interstitial glass, 

and would, therefore, provide more resistance to attack. 

This was corroborated by both noff and Farker, who 

advocate using hard burned, super-duty fireclay brick. Such 

a brick woUld be resistant to soda ash attack because of the 

reasons above. It would also overcome 8hrinka~ at high tem

peratures and thus slag penetration at the joints, the reason 

which prohibits the use of most super-duty firebrick. !n re

gard to cost, Hoff states that "comparing its cost with that 

of brick Similar to those used in the ladle under study, and 

oonsidering the cost of the labor required for relining and 

the time lost while the ladle is out of service, a life double 

that was obtained would more than Justify its use. n 

To overcome refractory oorrosion Offutt (ge) sug

gests using a special fired refractory made by the A. P. Green 

Fire Brick Co., Mexico t Missouri. This brick shows expansion 

on being heated to 2912° F. However, since his tests indicated 
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that no mortar tested offered aa good .a resistance to the 

soda slag as did the better refraotories. he advocates having 

all mortar joints as thin as possible. 

offutt states that in almost every case the special 

brick have shown lower costs than other refractory materials. 

Lining costs of 'W .06 per~on are not considered to be too hi gh t 

he says. and the special brick costs are below this. 

Boles and Blackburn (94) object to using this brick 

because of the lack of a satisfactory joint mortar. They ad

vocate a special plastic which is to be rammed onto the ladle 

and then dried thoroughly. According to Boles and Blackburn 

"these plasti cs gi ve a hard. dense. refractory lining--one 

that is free of joints and uniformly resistant to the cutting 

action of soda ash and soda slags." 

Excellent service is claimed for the lining. Exam

ples are three months service in one foundry for the cover of 

a teapot ladle and cleaner iron in another foundry where ra.mmed 

1inings were used. 

According to Offutt plastics offer no advantage over 

first-qua.li ty stiff mud brick. He says "Plastic refractories 

have been tried on a gpod many occasions largely because a mon

olithic lining is possible. Plastic materials are installed 

green and upon being heated to 28000 F .• shrinkage cracks will 

develop. defeating the purpose. A plastic is easier. however, 

to install. particularly in small ladles. The fUSion point of 

plastic is no higher than that of first-quali ty fire brick and 
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many o~ the same weaknesses are pronounced in plastic linings 

for mixer ladles. A plastic lining will not be as dense, due 

to the granular structure, as is desirable to counteract the 

action of the soda slag. Plastic linings have been used with 

some success in various foundries, but the service cost has 

been found to be about the same as for first-quality stiff mud 

bri ck." 

b. USing Other Reagents or Reagent Mixtures -- There 

is very little in the literature on decreasing ladle refrac

tory corrosion by change or modification of the reagent. 

There appears to have been a search by investigators primar

ily for cheaper or more efficient reagents. An example is 

the development of calcium carbide by the Bureau of Mines (26). 

Colclough (4), however, states after a series of ex

perimental tests, that considerable advantage may be obtained 

by the use of other agents in conjunction wi th soda ash. He 

says that the materials added may act under certain conditions 

as desulfurizers and also form a slag which has a lower flux

ing action on the lining. A mixture of NaaC0 3 t 26%; CaF2t 

25}'O; and CaeOa (50to) is advocated. 
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III. EXPERIMENTAL 

!he purpose of the investigation was to determine 

if aplite alone, or in combination with soda ash, had desul

furizing power when added to a ladle of east iron. It it did, 

the effect on ladle lining refractories was to be determined. 

Originally it had also been intended to investigate 

the effect of adding the aplite on the inclusion content of 

the cast iron. The literature (Section IL.,o) haa indicated 

benefioial results from "washing" molten iron with a slag. 

This was not done, however, for two reasons~ first, the lit

erature shows that no reliable method for exact inolusion de

termination is available (Section II, 6); and second, the ex

perimental results were suoh that it was not justified. 

The desulfurization prooedure conSisted of melting 

three pound batches of cast iron in fireolay crucibles in a 

ceramic fuSion furnace and introducing the reagent into the 

molten iron by means of a holder and rod similar to that used 

by Joseph, Scott, and Tenenbaum. (6). A preheating furnace 

was used to take the oruoibles oontaining the batches up to 

14000 F in order to iaBs the inversion temperatures of the 

silioa in the crucibles very slowly and thus eliminate the 

danger of cracking. The Bulfur oontents before and after 

treatment were determined by means of the evolution method. 
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A. Materials 

1. Aplite 

The aplite was secured at v. P. I. from the Ceramic 

Engineering Department. It is of the following oomposition, 

of which the chemical cOILposltion is listed on Page 23 of Bul

letin Number 55, Engineering Experiment Station Series, V.P.l. 

(97) : 
a e ~ bl I . Th C e om] 08l. on 0 e .p f th A lit e 

Loss 
on Igni-
tion SiO 

(7~) 2 
1A12Of/\ FS 203 CaO MgO la20 K20 P.C.E. ¥ 

( lol 10 ( jb) ( j~) ( 10) (10) 

10 0.70 59.90 23.76 .193 5.20 nd 5.31 2.95 
Mols Per 
100 Grame 1.004 0.235 0.001 0.111 0 0.102 0.032 
Mol 
Fraotion o .57e 0.158 0.000'7 o .0 7f) 0 0.059 0.022 

Considering the A1 203 basic the silicate degree of 

the aplite is 2.07. 

The source of the aplite was the Dominion Minerals 

Corporation, 719, 15th Street, WaShington D. C. 

2. Soda Ash 

5-7 

Puri te (Na·2(;O 3)' furni shed by W. Levi, meta1lurgi st of 

the Radford Foundry, Radford, Virginia, was used in the investi

gation. 

The CaO was furnished by Dr. k. J. Holden, head of the 

Geology Department t v. P. I. It was prepared by caloining a 

partially calcined lime for four hours at 8750 c. 
* pyrometric Cone Equivalent or softening point. In degrees 

fahrenheit, 22nOo 
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4. Cast Iron 

!he cast iron was secured from the V. P. I foundry. 

The iron was in the form of pulley blanks, three of which made 

up three pounds. Two cast irons were used in the investiga

tion, since the first supply was exhausted. Each iron was all 

poured from one ladle so as to insure uniform sulfur content. 

B.. Apparatus 

1 .. Melting Furnace 

The furnace used to melt the iron is shown in Fig. 1. 

It is a ceramic fuSion furnace, built by the Ueramic ~ngineer

ing Department, V .. P .. I. Pyrofax gas and compressed air were 

used to raise the temperature to about 2300° F, after which 

oxygen was introduced to raise the temperature to the melting 

point of the iron.. The temperature of the iron was measured 

by means of a thermocouple. 

2. Preheatins ]urnace 

This furnace is shown in Fig. 2. It is a Westing

house muffle electric furnace and is controlled by an auto

matic thermostat. 

3. Crucibles 

These were Battersea Crucibles. They are highly 

silioeous clay English crucibles, capable of withstanding tem

peratures somewhat above that of the melting point of cast iron. 

See Fig. 3. 
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Fig. 1 The Melting Furnace 

J.. Furnace 

B. Burner 

C • Oxygen Supply 

D. Thermocouple 
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Fig. 2 -- The Prehea.ting Furnace 

A. Furnace 

B. Pyrometer and Thermostat 
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4. Device Used To Introduce The Reagent 

This device (Fig. 51 was patterned after that used 

by Joseph, Scott, and Tenenbaum (6), the difference being 

that the cup was of cast iron instead of steel. The appara

tus for each desulfurization consisted of a four foot steel 

rod, one quarter of an inch in diameter, threaded at one end 

and a cast iron coupling and plug. The plug, which was drill

ed and tapped, screwed into the coupling, and the rod screwed 

in to the plug. The reagent was placed in the ooupling and 

introduced into the metal by means of the rod. 

Two sizes of couplings and plugs were used and one 

size of plug and nipple, the latter being used as a "coupling. n 

The sizes and weights of "couplings" and plugs were as follows: 

Ta.ble II. The Sizes and Weights of Couplings & Plugs 
'Weight of 

Number Description of nCoupling" Description of Plug Coupling 
and Plug 

1 3/4 n Coupling 3/4 " Plug 1/8 lb. 

2 3/4 ff Nipple, 2" long 1 n Plug 1/4 lb. 

5 It /I Coupling 1t " Plug 6/8 lb. 

Since each set of "couplings." and plugs was pur

chased at the same store, each set was assumed to be of the 

same sulfur content. 
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c. lViethod ot Sulfur Analysis 

The method ot analysis used was the evolution me

thod. In brief it consisted of evolving the sulfur of the 

cast iron as,H2S, absorbing the gas in an ammoniacal solution 

of CdCl
2

, liberating the sulfur as H2S again with HCl, and 

oxidizing the liberated gas with a standard iodate solution, 

starch being used as the indicator. 

Although this method is not as accurrate as the 

gravimetric method, which is the second of the two methods 

generally used in Bulfur analysis, it was chosen for two 

reasons. This method is much faster than the gravimetric 

and relative results were sufficient for drawing accurrate 

conclusions from the experiments,l work. 

The chief cause of inaccuracy in the evolution 

method is the fact that most cast irons do not give up all 

their sulfur as hydrogen sulfide. As Lundell t Hoffman t and 

Bright (98) say, "It is well known that the evolution meth

od is not as trustworthy and accurate as the gravimetric ox

idation method, owing to the tact that it may not conform 

to the assumptions that all the sulfur is evolved as hydro

gen sulfide, and that this a'lone is responsi ble for the con

sumption of iodine. The method is. however, so extremely 

simple and rapid that it is exclusively used in works con

trol, and very generally also in the analysis of material 

aold." 
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Since all the cast iron melts were allowed to 0001 

at the same rate, and otherwise similarly treated, it should 

follow, therefore, that the same error be true of each melt. 

Acoordingly. the results should be accurate relatively. 

In order to check the analytioal determinations, 

several analyses were duplicated at the Radford Foundry by 

the evolution method. It was found that the results cheeked 

very well. (See Table IV) 

!he apparatus used for the analyses is shown in 

Fig. 4. The total apparatus was three times that shown in 

the drawing, e.g. there were six Kejdal Traps and so forth. 
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D. Method of Prooedure 

1. General Procedure 

The experimental work consisted of five tests. In 

eaoh case the reagents were weigned, mixed, and rammed into 

the ooupling cups on one day and melting and desulfurization were 

carried on during the following day_ 

!he couplings and some of the plugs were galvanized. 

Before using, the zinc coatings were removed by one hour im

mersion in 1-1 Hal. After this they were rinsed and dried. 

The c1ean plugs were then drilled and tapped. 

The reagents were used in the powdered form in or

der to attain intimate mixtures. The aplite was already in a 

tine state but the soda ash had to be pulverized. In order to 

eliminate moisture, the aplite was thorougnly dried. 

Weighing of the reagents was now done. Thorough 

mixing was accomplished and the mixtures were then rammed into 

the couplings. After screwing in the drilled and tapped plugs, 

the tilled reagent cups were placed in a dessicator to prevent 

the absorption of mOisture. This precaution was taken to el

iminate the posSi'bili ty of rapid evolution of steam later, wi th 

an accompanying spattering of iron. 

At this time the cast iron charges were placed in 

the crucibles and the crucibles were introduced into the West-

inghouse furnace. The temperature was slowly raised so as to 

pass the inversion temperatures of the silica in the crucibles 
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very slowly and thus prevent the da.nger of cracking. The 

orucibles were left in the fUrnace all night with the ther

mostat set at 16000 F. 

The next day melting and desulfurization were car

ried on. After bringing the temperature of the melting fur

nace up to about 18000 F. a crucible was transferred from the 

preheating furnace to the fusion furnace. The initial heat

ing of the fuSion furnace required ten minutes. Another thirty 

minutes was neoessary to take the iron up to its melting tem

perature and a little farther. to 25000 F, where the iron was 

Tery fiuid. Oxygen lias introduced into the burner at 23000 F. 

to aocomplish this. 

Desulfurization now followed. A prepared reagent 

mixture was taken out of the dessicator and a rod, previously 

threaded, was screwed into the plug. With this device, the 

reagent mixture was held below the surface of the metal in 

the crucible. fhe rod was withdrawn when the coupling and 

plug had melted and entered the melt. 

Desulfurization was allowed to continue for ten min

utes. after which the burner was cut off. After five minutes 

of cooling in the furnace, the cruci ble was removed and al

lowed to cool in air to room temperature. 

Another crucible was transferred from the Westing

house furnace, which was kept at 15000 F till all desulfuriza

tiona had been done, and the above procedure was followed again. 
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Su.1fUr ana.lysi s of each mel t was the final step. 

2. ~est 1 

a. Introducti on -- From the Revi 61'1 of the Li tara ture 

it appea.red that in all probabili ty apli te could not be sub

stituted for soda ash on an equal weight basis, both with and 

without the Na2C0 3 • To verify this, however, and also to gain 

experience with the method of procedure, a test was run. 

Mixtures of apl! te and soda ash totaling 10 pounds 

per ton were used (See Table III). This amount of soda ash 

alone and the same quantity of aplite alone were also tested. 

Ten pounds per ton was chosen because this amount of soda ash 

Is often used in practice (7) and also because several inves

tigators who have studied soda ash desulfurization have recom

mended this quantity (99) (100) (12). 

b. Procedure -- The procedure was as desori bed in the 

section General Procedure. The small size couplings and weights 

were used to hold the reagent mixtures. Several rods were used 

since the melting of the plug destroyed the rod threads. 

c. Discussion -- In this test the influence of the sul-

fur content of the couplings and plugs was considered negli

gible since the total weight of each coupling plus plug was 

only one twenty-fifth of the weight of the melt. Each melt 

weighed three and one-eighth pounds before melting but due to 

slag formation during the fusing. the actual weight of each 

melt was about three pounds. 
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I t was evident from the results (See Table III a.nd 

Fig. 5) that something had been in error. Whenever 10 pounds 

per ton of soda ash is added to cast iron ordinarily. there is 

a large sulfur reduction. Practically no sulfur reduction had 

taken place in any of the melts. 

3. Test 2 

a. Introduction -- The slag formed during the melting 

had not been removed prior to desulfurization. lt was decided 

to repeat Test 1, this time removing the slag. 

b. Procedure -- Test I was repeated with the exception 

that the slag formed during the mel ting was removed from each 

cruci ble wi th the aid of a bent steel sheet. Thi s slag con

sisted of burned-in-sand from the sand mold in which the iron 

had been cast and iron oxide formed during the heating. 

Hereafter, in all the following tests, this slag 

was removed. 

c. DiSCUSSion -- Table IV and Fig. 5 show the results 

of Test 2. I t was evident that apli te could not be substi tu

ted for soda ash on an equal weight baSis. In addition it was 

seen that aplite in the amount of 10 pounds per ton had neg

ligi ble desulfurizing power. 

A check on the results is given by a table in refer

ence (12). Interpolation indicates that 10 pounds per ton of 

soda ash alone ordinarily should lower an initial sulfur con

tent of .110)0 to .053/0. This checks well wi th the fina.l sulfur 

content secured, .055/0. 
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Table III. DESULFURIZING POWER OF SODA ASH .. APLITE 

IvJ:XTtJ2:-S 0 F TO TAL Al~:OUN TS, 10 POUNDS PER TON 

t No e: Sl f ag orme d d i ur ng me 1ti n_g no t remove d 

Melt Percent percent Pounds Pounds Grams Grams percent 
Number Soda Aplite Per Ton Per Ton Soda Aplite Sulfur 

Ash Soda Ash Aplite Ash 

0* 0 0 0 0 0 0 0.118 

1 100 0 10 0 6.8 0.0 0.091 

2 75 25 7.6 2.6 5.1 1.7 0.095 

3 50 50 5 6 3.4 3.4 0.113 

4 26 75 2.5 7.5 1.7 0.1 0.090 

5 0 100 0 10 0.0 5.8 --

Table IV. DE8ULFURIZING POWER OF SODA ASH - APLITE 

:MIXTURES OF TO TJ.L .Al!OUNTS, 10 POUNDS PER TON 

N t o e: 81 t ag orme d d i ur ng me l.ng remove d 
Melt Percent percent Pounds Pounds Grams Grams percent SUlfur 
Number Soda Aplite Per Ton Per Ton Soda Aplite My J.n- Radf'ord 

Ash Sods Ash Aplite Ash alyses b'oundry 
Check 

0* 0 0 0 0 0 0 0.115 0.116 

5 100 0 10 0 6.8 0.0 0.056 o .oes 
7 75 26 7.5 2.5 5.1 1.7 0.081 0.081 

8 50 50 5 5 3.4 3.4 0.093 0.094 

9 25 76 2.6 7.5 1.7 5.1 0.099 --
10 0 100 0 10 0.0 5.8 0.104 --

* Iron ~efore Desulfurization 
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4. Test 3 

a. Introduction -- The literature has revealed that 

Na20.Si02 has some desulfurizing power. It has also shown 

that two patents have been taken out that involve adding 

A1 203 or 5i0 2 to soda ash in desulturization. 

The literature has indicated moreover that a less 

basic reagent or one that would be less fluid at melting 

temperature should have less effect on a tirecla.y refractory. 

It was noticed in Testa 1 and 2 that the more the ap1i te in 

the mixture, the less fluid was the slag. Also aplite-soda 

ash mixtures are less basic than soda ash alone. 

With these facts in mind it was decided to next de

termine the effect of aplite on the desulfurizing power of soda 

ash. If it was found that sulfur reduction was not cut down 

appreciably. the effect on the refractOries would then be de

termined. Ten pounds per ton of soda ash would be used in each 

mixture. 

Test 2 gave some evidence that successful results 

might be achieved Since seven and a half pounds per ton of soda 

ash plus two and a half pounds per ton of aplite reduced the 

ini tial 0 .11610 sulfur to 0 .08li~ whereas ten pounds of soda ash 

alone reduced the sulfur to .065fo. 

b. Procedure -- In Test 3 the medium size "couplings" 

and plugs were used. These n couplings It t in reali ty unions, 

were not threaded on the inside and the plugs were forced into 
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the unions instead of screwing in as before. The rest of the 

procedure was similar to Test 2. 

c. Discussion -- The "couplingft and plug could not be 

ignored this time as their total weight of one quarter of a 

pound was one thirteenth of the total melt weight. Therefore 

a ooupling and plug was added to one melt and this was taken 

to be the original iron. 

Table V and Fig. 6 show the results of Test 3. It 

was evident that when five pounds per ton or more of aplite 

was added to 10 pounds per ton of soda ash, the desulfurizing 

power of the rea~nt was cut down considerably. Increase in 

the amount of aplite did not appear to change this effect. 

5. Test 4 

R. Introduction -- Upon conSideration of Test 3 it appear

ed that a source of error might have been introduced by not re

moving the desulfurizing slag before allowing the metal to cool. 

According to Wood, Barrett, and Holbrook of the Bureau of Mines 

(26) in soda ash desulfurization the sulfur in the slag will re

enter the metal unless the slag is removed at the proper time. 

The chief reason given is addition ot silica by oxidation of 

part of the silicon in the metal and by corrosion of the sili

cate lining of the ladle. Another reason proposed is an increase 

in the ferrous oxide content of the slag as a result of oxida

tion. fhe first reason should not have pertained to the desul

!urizat1on with soda ash-aplite mixtures Since there was no re-
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tractory corrosion during the short period used and since ap

lite in itself adds silica to soda ash. The latter reason. 

however, may have had an effect. 

b. Prooedure -- Test 3 was repeated, therefore, but this 

time the desulfurizing slag was removed atter ten minutes ot 

desulfurization. In addition 10 pounds per ton of soda ash with

out aplite were introduced into one melt. This was done because 

the initial sulfur content in Tests 3 and 4 was different from 

that in Tests 1 and 2 because of the heavier coupling and plug 

used. 

c. Discussion -- There appeared to be not improvement 

but the oPPosite on the effect of aplite on soda ash. An increase 

in the aplite content showed an increase in the final sulfur con

tent of the iron. 

The melt that was desulfurized with 10 pounds per ton 

Na2C03 and no aplite showed little sulfur reduction. Somehow 

something had gone wrong in that parti cular test. 'therefore the 

desulfurization was repeated with another melt. The results 

this time were as would be expected. 
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Table V. EFFECT OF Al'LI TE ON THE DESUL:FlTRIZING POWER 

OF SODA ASH 

N t o e: D ulfu i i as r z ng 31 N t R ag 0 amove d 
Kelt Pounds Pounds Grams Grams percent 
Number per Ton Per Ton Soda Ash Aplite Sulfur 

Sode .Ash Aplite 

11 a 0 0 0 0.103 

12 10 6 5.8 3.4 0.083 

13 10 10 5.8 6.8 0.089 

14 10 16 6.8 10.2 0.089 

15 10 20 5.8 13.6 0.083 

Table VI. EFFECT OF APLITE ON THE DESULFURIZING POWER 

OF SODA ASH 

11 t o e: D ulf i i 31 R as ur z ng ag amove d 

Melt Pounds Pounds Grams Grams peroent 
Number Per Ton Per Ton Soda Ash A.p1ite Sulfur 

Soda Ash Aplite 

16 10 0 6.8 0 0.091 

17 10 5 6.8 3.4 0.089 

18 10 10 5.8 6.8 0.097 

19 10 15 6.8 10.2 0.103 

20* 10 0 6.8 0 0.064 

* Repeat Desulfurlzation of Melt 16 

--
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. 5. Test 5 

s. Introduction It was decided to conclude the investi-

gation by determining if large amounts of spli te had desulfur

izing power in a ladle when used alone or with sufficient CaO 

to neutralize the Si02 of the aplite. 

poasent! (40) by neutralizing the 3i0 2 of a feldspa

thoid mineral. leuclte, with GaO, was able to effect a sulfur 

reduction of from initial 1.10,D sulfur to a final .062/Q. He 

used 250 grams of leuei te of 17.5/0 K20, 50 grams of CaO, and 

one kilogram of cast iron. This amount of leucite contained 

1.36 times as much K20 as was necessary to combine stoichio

metrically with all the sulfur in the iron. Had the initial. 

sulfur content been O.ll~, 25 grams of leucite and 5 grams of 

CaO under the same conditions as before should have reduced the 

sulfur content to even below O.062fo. 

This is excellent desulfurization. However, the abs

tract on Possenti's work did not state the time of contact be

tween metal and slag. The time factor i~ one of the major dif

ferences between furnace desulfurization and ladle desulfuriza

tion, which is of comparatively short duration. 

Another distinguishing factor is reagent bulk. By the 

methods used in common <lesulfurizing practice t a large slag bulk: 

cannot be contained in the desulfurizing ladle. 

The apli te mixtures tried are shown in Table VII. Where 

lime was used, there was just sufficient to neutralize all the 

SiO a of the aplite. Into melt number 23 sufficient aplite was 

introduced so that half of the sulfur of the metal could be re-
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mOTed stoichiometrically by the Na20 and K20 of the aplite. 

Into melt number 24 was introduced enough aplite to remove 

three fourths of the sulfur on a stoichiometric basis by the 

Na20 and K20 of the aplite. Larger amounts could not be in

troauced by means of the coupling used. 

The purpose of the soda ash in the above mixtures 

was to act as a dispersing agent. 

b. Procedure -- The procedure was Similar to that of 

Test 4, wi th the exception that the lare"'e size couplings and 

plugs were used to hold the reagent. Also, a new supply of 

iron was used in this test as the other had become exhausted. 

c. Discussion -- As in Tests 3 and 4 the initial sulfur 

content was taken to be that of a melt into which a coupling 

and plug had been introduced. The wei ght of coupling and plug 

was five eighths of a pound, which was one-sixth of the weight 

of the mel t. It was not advisable to use a larger coupling; 

hence the amount of aplite plus CaO added to melt number 24 

was the ma.ximum capable of being introduced into a melt by the 

method used. 

Table VII. and Fig. 7, show that although aplite plus 

CaO gave better sulfur reduction than aplite alone, in all 

cases the SUlfur reduction was poor. 
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Table VII. DESULFURIZING POWER OF LARGE AMOUNTS 

OF APLITE WITH AND WIT:HOUT LI1r:E 

Pounds Founds Pounds Grams Grams Gra.ms 
Number Fer TOIl Fer Ton Fer Ton Aplite CaO Soda Ash 

Aplite CaO Soda .Ash 

21 0 0 0 0 0 0 

22 61.8 0 2.5 30.2 0 1.7 

23 26.9 13.1 2.5 17.6 8.9 1.7 

24 38.9 19.7 2.5 25.4 13.4 1.7 

percent 
Sulfur 

0.102 

0.092 

0.086 

0.087 
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IV. DISCUSSION 

A. General Discussion 

One of the most important factors controlling the 

degree of deSUlfurization is the time and degree of contact 

between reagent and metal. In Tests 1 t 2, 3, and 4 the ap

lite was well dispersed by the evolution of gases from and 
ten 

melting of the soda ash. The only exception was mel t/,where 

no soda ash was in the reagent oharge. Because of this ex

cellent dispersion, the data secured should be accurate and 

applicable to the drawing of correct conclusions. 

On the other hand, in Test'5 the amount of soda 

ash in the reagent char~s was insufficient to provide dis

persion except to a small extent. It was because this sit

uation had been foreseen that fUSible reagent holders had 

been used in the whole investigation. By the melting of 

the coupling and plug, the reaeent mixture was introduced 

into the metal to some degree, whereas had a steel or gra

phite holder been used, the aplite-CaO slag would have re

mained in the holder. 

It is recognized that Test 5 may therefore not show 

the desu1furizing power of aplite and lime and aplite alone 

under certain oonditions, such as during lon~r and more in-

timate contact with the metal. But in the methods ordinarily 

used to introduce a desulfurizing reagent into a ladle, the 
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conditions would have been about the same as those existing 

during Teat 5 or perhaps even less favorable. 

~o determine the desulfurizing power of aplite and 

aplite plus UaO under optimum conditions, the mixtures could 

have been kept in contact with the melt tor a long period ot 

time, such as three hours, or dispersed throughout the metal 

by some gpod method. In the first case, the results would not 

apply to ladle sulfur reduction, where the time of contact be

tween slag and metal is comparatively short. 

The mechanical dispersing unit devised by the Bur

eau of Mines (26) to disperse calCium carbide in pig and cast 

irons could have been used, or one of the several methods lis

ted in the literature in connection with desulfurization with 

slags (See Section II, 5, b) t such as pouring the metal through 

the molten reagent mixture. 

It is conceded, therefore, that the pOSSible desul

furizing power of aplite and aplite-CaO mixtures may not have 

been determined. 

The reaotions indicating resulfurization of the me

tal whenever there is an introduction of silica or ferrous ox

ide (See Section II. At 1) were verified in Test 1. 

Teats 2 and 3 in addition to indicating that aplite 

cuts down the desulfurizing power of soda ash appreciably also 

seemed to verify that decreasing the contact time between me

tal and slag decreases the amount of sulfur removal. In test 3 t 
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this decrease in time was about 10 minutes, since the iron 

solidified in that time after the burner was cut off. 

B. Reocommendations 

Although the deaulfurizing power of aplite and ap

lite plus lime was not determined at optimum conditions, it 

is felt that no further work on aplite is necessary or advis

able. Even if an apli te-Ca.O mixture was found to have good 

deaulfurizing power, the large amount of bulk necessary to 

accomplish what a small amount of soda ash or other reagent 

can do would make its use inadvisable. The usual desulfuriz

ing ladle could not readily handle such a large bulk as 60 

pounds or more per ton. Moreover, the addition of such a 

large amount of cold material to the iron would tend to chill 

the iron. 

It seemS advisable to seek a solution to refractory 

corrosion by either the use ,of a better brick, the development 

of a non-corrosive reagent, or a modification of the reagent in 

Widespread use now, soda ash. As there appears to be a differ

ence of opinion ooncerning the merit of plastiC linings and 

Offutt's special brick, and since the usual foundry hesitates 

to put forth the initial outlay neoessary for the purohase of 

super-duty hard fired brick, modification of the reagent seems 

to be the best line of attack, other than USing a different re

&g$nt such as calcium carbide. volclough (4) has already pro

posed (and patented) a sood modification of the reagent. 
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v. CONCLUSIONS 

1. Aplite cannot be substituted for soda ash on an 

equal weight basis. 

2. Aplite reduces the desulfurizlng power of soda ash 

to an appreciable extent. No mixture of soda ash and aplite 

was found that had almost the sama desulfurizing power of 

soda ash and hence could be tested to determine its effect 

on refractory corrOSion. 

3. Apli te alone, in small amounts or in quanti ty such 

4. 

that the Na20, K20 content could stoichiometrically combine 

with all the sulfur in a cast iron, has little sulfur redu

cing power when added to a ladle by ordinary methods. 

Mixtures of aplite and dehydrated lime, wherein 

enough lime is present to neutralize all the silioa of the 

aplite, have little desulfurizing power when added to a 

ladle by ordinary methods. The Na20 t K20 contents of mix

tures tested were sufficient to remove half in one case and 

three-fourths in another of the Bulfur in the iron. 
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