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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. 



a-. 
tQ 

I 

@ 

e,-gend 

@ £!et;!rlc!feq l'er 

® 500c.c./70r4nce /7c;sl: 

© TI;/slle Tvoe 
@ /(ejdCl/ .1;4,,0 

© /14S/( SU,PfJorf 

® ~oo C.C./4// LJeCiAer 

@hsv /4' /; /Jg L3 Otl rc/ 

£"Iv~;", ~/A'o/-A.Jl/JQral(./~ 

h"J"lPivr AnalysIs 

/'1QX gololstf'y- /'?a y 2'.,1 1940 

/?~/'411"r9;C()1 E.ng/neer//1Q 
~e;OO,.t n7e" '1- J'. P-I. 

Sc:.ol.: f' = 3" 



- 40 -

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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