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3 Claﬁms.

The present invention relates to the proceSS of
desulphunzmg pig dton. . -

A purpose of the invention is to chemlcally m-
tensify the desulphurization: and phys1cally ac-
celerate the agitation ‘while desulphurizing mol-~
ten p1g iron at pressures not less than at;mos-
pheric pressure: .

-A-further purpose is to majntdin abath. of mcil-
ten: ‘pig iron:in:a ‘desulphurizing . vessel. ifi: colx

tact: ‘with!ia:desulphurizing slag;. to.- enclose: the i

molten .pigsiron. and -slag :to -exclude .oxidizing
gases: including the-atmosphere -and. maintain

(CL

strong reducing conditions:around the molten:pig . '

iron:and slag and: {o. blow through:the molten
pig iron-an inert-gas free from- substantial quans

tities of compounds:which, under.the. conditions,

are more -oxidizing, than. carbon .monoxide: and
free from carbon monoxide.in -excess of 38.per-
cent to chemically intensify .the- desulphurxzatmn
and - physically accelerate ; the agitation, while
maintaining a .pressure-of .at ledst atmosphenc
pressure above ‘the molten: pig iron and slag.:’
A further spurpese is to.accomplish. the obige-
‘tives:of the preceding paragraph-and obtain:des=
$ulphurization at:an:acceptable commercial: rate
relatively: mdependent .0f .the: depthi of: the 4ron
bath and therefore at an increased rate in a deep
bathby passing the inert gas throughiat: leasthalf
the depth: of the molten.iron at a rate in.excess
of ‘one~third.cubic foot of gas per minute per ton
of 1rcm measured at-atmospherie temperature and

gas: "Whlch is. not combustxble in the a,lr
g6 from substantlal quantltles “of‘cotis

mosphere ‘and there mmally burmng ’she gas- and
continuing the passggeéof: the inert gas through
theiron beyond-the point at which-the gas com-
ing ~out dnto: the- aﬁmosphere from ithe ~vessel is
combustible:

- Asfurther purpose is to-employ a‘ealcium- desul~
phurizmg ‘agent tapable -of reacting: ‘with-sulphur

in_the molten iron to formcalcium- ‘sulphide;:

whichmay or may fiot be ‘molten at the: tempera-

- A*firther: pﬂrpose s to- employ Time‘as-a-te= ¢

20

25

40

45

cause-of the suction-of-a-stack; ete.
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sulphurizing -agent,” preferably along with ﬂuox-

spar and ‘Wwaste blast furnace slag: :
Afurther ‘purpose’is to utilize an-inert: ‘gas pre=

dommantly by volume consisting of thitrogen-and

permissibly having-carbon-monoxide as’its chief

minor constittient, limited, however; to not -over
33 percent: carbon moriexide by volume.

A-further purpose is to'employ aninert-gas pre-
domitiantly by volume consisting of-hydrogen -and
permissibly -having carboin monoxide as the ‘chief
minor constitient, the-carbon monoxide-content,
however,-being not-over 33 percent.

Afurther purpose is-to-employ as aninert gas,
a-gas predominantly by volume-consisting of-blast

~furhace-gas, i which:the-content. of-earboen -di-

oxide-has been-reduced- to not-more-than 3 per-
cent: and - the ‘content- of ‘carbon monoxide -has
been-reduced ‘to-not ‘more-than 33 percent by
volume

- As welt known, it is- customary to-operate many
furnaces-under slighily diminished- pressure-be=
-Anopera-
tion- employing -slightly less than -atmospherie
pressure in order to facmtate movement of gases
would;- therefore, be -considéred ‘an ‘operation at
normalpressureas cdmpared with-the-high- vacua
set forthiin Heuer-U. 8 Patent 2,110, 067.

~Further “pitrposes appea;r 4n the- specmcatmn
and-in-tire ‘claims.

“The -present ‘application -is & continuation-in
part-of-“niy-application -Serial -No. 601,654, filed
June -26,° 1945 for  Desulphurization ~of Pig-Iion

and iy -application Serial No: 757,756, filed Jine™ -

28, 1947 for Desulphunzatlon ‘of ‘Pig Iron, both
now -abiidoned.:

“Thie-drawings illustrate one ‘type of ‘apparatis
applicablé-te-the invention:

Figurelisa: dlagrammatw $op plan view of ap-
paratus ‘by whichthe invention-fray-be-gppted.

Figure2 is dri-end elevation of ‘the structire of
Tigure1, the'base béfhig shown in-section:

Figure3 is-a Ieftend elevation of Figure 2.

Figure4 is a diggrammatic central vertical secs
tmn’*of ‘the -desulphurizing vessel.:

‘Figure 5-is’a-graph relating the percenitage of
original sulphiir rémaining in-the pig iron-to logs
ari mic cootdinates as ordiiiates ‘and-the hums
3 ciibic feet of ‘inert-gas pver ‘ton at ‘atmoss
phenc demperatlire and pressiiie which has- been
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3
passed through the iron to linear coordinates as
abscissae.

Where reference is made herein to pig iron it
is intended to designate the alloy of iron with a
high content of carbon—3 to 4 percent or more—
with varying contents of silicon, manganese,
phosphorus and sulphur as conventionally ob-
tained from the iron blast furnace, the cupola,
the air furnace, or from any other source.

The treatment of molten pig iron with lime
bearing desulphurizing slags was taught by Heuer
in U. S. Patent 2,110,066. Heuer taught that car-
bon monoxide is a non-contaminating gas which
can be blown through the molien mass to pro-
vide agitation. He stated that it was possible
to absorb 10 percent of sulphur in the slag “under

favorable conditions” and obtain a ratio of the

percentage of sulphur in the slag to.the per-
centage of sulphur in the iron of 250:1. )

In U. S. Patéent 2,110,067 Heuer taught that the
desulphurizing reaction should take place below
the normal atmospheric pressure, as for example,
at a pressure of 76 millimeters of mercury. Me-
chanical agitation was suggested.

In U. S. Patent 2,193,593 Heuer taught the use
_of.reducing agents other than carbon to reduce
the oxygen activity in the desulphurizing process
and -thereby improve the desulphurizing action
of the lime slags. As reducing agents Heuer dis-
closed metallic aluminum, magnesium or calciim.
Mechanical agitation was suggested

In U. S. Patent 2,290,961 Heuer taught that
the rate of sulphur removal'using his previously
described slags was too slow sinceé it required ap-

" proximately 12 minutes . for each one: 1nch of %

depth of metal bath in order fo reduce sulphur
from 0.07 percent to 0.005 per cent, a reduction
to less than 10 percent of the or1g1nal sulphur

" content. Thus for a depth of 60 inches of metal .

" the time required would have ‘been 720 mmutes
Heuer sought to secure thorough and rapid de-
. 'sulphurization by means of violent agitation,
“A further purpose is to expedite’ the desul-
phurizing reaction between a basic desulphunz-

ing slag and molten pig iron by producmg Jocal’

agitation adjacent the slag-pig iron mterface,
and preferably by prOJectlng streams of molten
pig iron into the slag.” Page 1, column 1, lines
22:to 27,

"‘A further purpose is to aglta.te molten pig :

iron during desulphunza.tmn under the action of
a basic slag, by introducing beneath the surface
of the slag and pig iron, a stream of noncon-
taminating gas, suitably nitrogen, carbon mon—

oxide, producer gas, or coke oven gas, at a pres- 5

sure substantially above that at the surface of
the pig iron and at a temperature substantially
below that of the molten pig iron, and desirably

‘also to maintain subatmospheric. pressure above.

the surface of the molten pig- iron so as to cause
- the gas to do a maximum of Work upon the pig
iron.” Page 1, column’ 1, lines- 28 to 40

__“A further purpose is to introduce a stream of
_agitating gas beneath ‘the surface of molten pig

iron being desulphurized by a; basm slag, the gas™

being at a high enough pressure.or.low. enough
temperature, either or hoth, to undergo rapid
expansion while flowing through the metal and
to- concurrently evacuate the vessel, removing

gas at a rate at least as great as that at which -

gas is supplied so as to maintain subatmospheric
pressure in the vessel. The reduced pressure
then performs a dual function; it .chemically

Intensifies the desulfurization and it physically

4
accelerates the agitation.”
lines 5 to 17.

Heuer intended to utilize the subatmospheric
pressure to perform a dual function of chemically
intensifying the desulphurization and physically
accelerating the agitation. Heuer had previ-
ously taught that by reducing the pressure he
could chemically intensify the desulphurization.
He had also taught in U. S. Patent 2,110,066
that agitation could be accelerated by blowing
carbon monoxide through the molten bath with-
out the use of subatmospheric pressure. By
blowing carbon monoxide through the molten
pig iron to physically accelerate the agifation
it is not, however, possible to perform the other
one of the dual functions of chemically intensi-
fying the desulphurization without evacuating
the vessel.

I have discovered that by substituting for the
carbon monoxide gas an inert gas such as nitro-
gén or hydrogen, the passage of the inert gas
through the molten pig iron will remove carbon
monoxide from the molfen pig iron in addition to
accelerating agitation, favoring the liberation of
calcium to react with the sulphur according to
the following reactions:

Page 1, column 2,

FeSeFe+ %8s, o
" Ca0+C=Ca+CO (@
Ca--14S:=2Cas @

It will be evident on principles of mass action
that removal of carbon monoxide in reaction
(2) favors the liberation of mefallic calcium,

‘favors the combination of the metallic calcium
¢ with the sulphur and so favors desulphuriza-
. tion. Thus blowing an inert gas such as nitro-
. gen or hydrogen through the molten bath in ac-

cordance with the present invention chemically
intensifies the desulphurization and promotes the
agitation without evacuating the vessel.

.Heuer in U. S. Patent 2,290,961 inextricably
confuses good and bad in that he does not teach
the proper method of choosing the chemical com-

5. position of the gas and the proper method. :of

application of the gas in order to chemically in-
tensify the desulphurization if the desulphuriz-
ing vessel is maintained at atmospheric pressure,

. although Heuer’s.teaching of the selection-of gas
- composition and method of application of the gas

is correct when apphed to subatmosphenc pres-
sure. .
Heuer. taught in U. 8. Patent 2, 290 961 that’ the

removal® of sulphur from the molten pig iron

proceeds at a rate which is dependent upon the
depth of the bath. In contrast to the disclosure
of Heuer U. 8. Patent 2,290,961, however, I have
discovered that: if gas is blown through a suffi-

" cient depth -of molten pig iron at a rate beyond
} one-third cubic foot.of gas per minute per ton
© of pig iron measured .at atmospheric tempera-
_ ture and pressure.the sulphur is removed from
. the molten pig iron at a rate which is independ-
" ent of the depth of the pig iron bath and is much

greater .than that obtained by followmg -the
teaching of this Heuer patent.:
-Thus, unlike the experience reported in I—Ieuer

‘ U. S. Patent 2,290,961, under my conditions. of

inert -gas flow large commercial pig iron baths
can be desulphurized at the same low - elapsed
time intervals which are obtamed in the case of
small laboratory melts.. .

“Thus proceeding - accordmg to the 1nvent10n,

(usmg 140 pounds of pig iron having an initial sul-

phur content of 0.041 percent I have reduced the
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salphur to less than 10- percent of its original
eonitent in less than 90 minutes, employing a lime
tié’sulphunzmg slag 'by blowmg commercially pure

amoutits of aboui; 60 oublc feét per-ton; measured
at normal” atmospherlc temperature and pres-
'Sure

same pr1nc1p1e 0 the desu fird atmn of ‘30, 000
pounds of molten pig iron ahd have 2156 reduced
the sulphuf coritent to-168s than 10 percent of its
originil valae in less thafi 90 minutes usitig 40
cubic feét per ton. -Still furthér and using the
same process I -have tieated 70,000 pounds’ ‘of
molten pig iron afd have reduced -thé sulphiur
content to 1e85 than -10 -pércént -of s original

in value:in 1&ss than 90 minutes for about-45-cubie

feet.gas flow pér ton.

‘The ‘chart in Figure s §hows & oilrve relating
the percentage -6f ‘ofiginal sulphir Ttémaining in
the various melts déseribed above and the cibie
feet -of nitrogen pér ton passéd ¥hrough - the
metal,  If T .desire to remove -90- percént of the
original sulphur from ‘the metal I find that a

sabisfactory. rate -is -obtained- if -about -40 cubic 9

feet .per ton is-passed thréugh the metal in 90
niinutes or even:if this tie -is extended to 120
minutes, measured at ‘atmospherie temperaturé
. ahd:pressure. I theréfore recommend 4-gas flow

éxceeding about one-third cubic foot of gas per 3

minute ‘per ton of iron -ihéasured at the atmos-
pheric temperature ahd préssure, irréspective of
the deépth of metal or area of the metal surface.

Under the aforésaid -conditions it 'is possible to
increase the size from a labbratory 'sample of 140
pounds to 70,000 pounds with relatively no in-
erease in the-time réquired-foy the desulphuriza-
tion. This fedture was 1ot obtained in the Heuer
patents. ]

Heuer in U. S.-Patent ;290,961 claimeéd inven-
tion in reducing . the -time -of désulphurization
from 12 hours to ¢ houfs, a deerease of 6625 per-
cent. By the presént inveéntion I can still further
decrease the timeé fequired 1o desulphurize ‘a -60
ineh 'depth of molten pig iron from four houis to
one and one-half hours, a reductiol -6f 82 per-
eent. This same reduction can ‘be:obtained in
dépths of molten pig iron exceéediiig the 60-inch
depths to which ‘Heuer Tefers, up to depths of
the ‘order of -15 feet, and down to depths of the
order-of threefeet or-over onefoot.

By the present invention all the difficulties in-

herent in metallurgical dpparatus operating uns
dér vacuum areavoided.
. In ‘cairying out the -invention I bring the
molten plg iron and Suitable ‘desulphutizing slag
of “other agent into ‘contact in 4 stbstantially
closed vessel which protects the contents from
the oxidizing action 6f the atmosphere.

A suitable inert gas is then blown into the
molten pig iron by ‘means of a tuyére or tuyeéres.
The #as rifes through -the ‘molten pig iron and
escapes through a vent in the upper part of thé
desulphurizing vessel.
inert ‘gas is used, and when the gas is made to
rise through & substantial dépth of metal exceed-
ing two feet, the gas escaping through ‘the vent
in the desulphurizihg vessel ‘at the beginning of
the ¢ycle contains -¢arbon monoxide picked up
from ‘the -molten pig iron system and it ignites
spontaneously in the ‘atmosphere. As the blow=
ing continues -ahd carbon monoxide is gradually
fernoveqd from the system, the ‘amount of carbon
monoxide in the exit gas décredses until the exit
gas contams too liftle carbon monokide to buri,

When an ihcombustible.
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and the flame will go out. I continue t6 BIGW
beyond the poitit &t Which the fiaine goes otf.

This removal-of ¢arbon Mmonoxide which-is-ef-
fected at atmosphéric préssure by the proper pas-
sage of the ihert gas, reddces the partial-pressure
of carbon monoXidée within the desulphurizing
vessel and reduces the partial pressure-of exygen
in the deésulphurizing vessel, -so that the -désul-
phirizing ‘action-of the slag is- chemlca,lly intensi=
fied.

The flow of a su1tab1e gas as described above
through the molten p1g 1r0n then performs K-}
phurization and it ‘physically accelérates the
agitation.

The gas used should of course, not contami-
nate the pig iron and %herefore a gas carrying a
substantial sulphur content such as hydrogen
sulphide or sulphur dioxide should be avoided.
As inert or non<réactive gases nitrogen, hélitm,
hydrogen, ammonia, and the other rare -ineft
gases such -as argon are desirable, either -aloné
or in mixtures with one another in any propor=
tions, the balance impurities. Gases of ‘this type
are either chemiecal elements or chemical ¢om=
pounds which, upon contact with molten -iroh,
are decomposed into their elements, and thus; for
the purposes described herein, may be conswlered
as chemical elements.

I have treated molten ;pig iron containing 0:035
percent sulphur with-a lime bearing desulphutiz-
ing slag and chemically pure hitrogen ‘in "ac=
cordance with the present invention-and obtained
in- 70 minutes- a -desulphurized iron econtaining
0.001 percent sulphur. The final desulphurizing
slag contained ‘more than 10 percent of sulphus,
and the ratio of the percent of sulphur ifi the
slag. to the -percent of sulphur in the iron exs
ceeded 10,000:1.

I am familiar ‘with the fact that thé passing
of the gas into molten iron in ‘the presencé: of
slag has been used to speed up the rate of de-
sulphurization. The desirable desulphurizing e+
sult above reported wes not merely the result of
rapid desulphurization which would be caused Hy
any kind of gas.

For exambple, a similar trial was made with the
same analysis of molten pig iron and slag, undér
otherwise identical conditions, but carbon én-
oxide was substituted - for nitrogen in similar
amount. The desulphurized iron after 70 min-
utes still contained 0.015 percent of sulphur and
the ratio of sulphur in the slag to sulphur in the
molten pig iron was only approximately 600:1.
Thus the use of nitrogen gas -accomplishes a de-
sulphurizing effect which is unusual because it
performs a dual function of chemieally intensi-
fying the desulphurization and physically aceel-
erating the agitation.

Carbon monoxide, on the other hand, merely
performs the single function of accelerating ‘the
agitation without intensifying the desulphuriza-
tion reaetion. . _

Mixtures of nitrogen gas with carbon monoxide
may be used satisfactorily if the earbon monoxide
does not exeeed 33 -percent. by volume.. The car=-
bon dioxide should not exceed 3 -percent by .vel=
ume. A suitable gas containing a mixture of
inert gas.and a-small amount of carbon monoxide
can be prepared if natural gas, methane or simi-
lar hydrocarbon is mixed with air and reacted-as
follows:

N2 4-CH %02 =2N21-CO-2H; t4)

The resulting gas will comprise about 20 pers
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cent carbon monoxide and the remainder will
consist- of hydrogen and nitrogen. Such a gas
mixture is suitable for use in place of hydrogen
or nitrogen gas as described above.

Mixtures of nitrogen gas and other gaseous
compounds containing oxygen may be used with-
out the presence of large amounts of hydrogen.
Blast furnace gas itself may be used as a source
of such a gas mixture. A typical blast furnace
gas contains the following constituents by vol-
ume:

N o 59.4
CHs o o e e s e 1.8
Ha oo 1.2
(0] 0 2 - 2338
CO2 e 13.8

100.0

This gas should be treated to remove carbon
dioxide, in any suitable manner as by compress-
ing to about 250 pounds per square inch and
washing it with water in a packed tower. A
product containing less than 1 percent CO: and
a ratio of nitrogen to carbon monoxide in excess
of 2 to. 1 by volume is obtained. The ratio of ni-
trogen to carbon monoxide can be further in-
creased; for example, to 5 or more to 1 by volume
if the blast furnace gas is burned preferably with
a deficiency of air to convert some of the carbon
monoxide - to carbon dioxide and is then com-
pressed and washed to remove carbon dioxide.

I have used hydrogen gas instead of nitrogen

gas and have obtained satisfactory results. As.g
source of hydrogen gas I may use hydrogen gas
prepared by electrolysis. I may also use hydro-
gen gas prepared from steam in the conventional

10
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manner by reacting with g reducing agent such

as carbon, followed by suitable treatment to re-
move the oxides of carbon which are formed. i
It is not necessary to use pure hydrogen gas.
For example, a mixture of about three parts of
hydrogen gas by volume to one part of carbon
monoxide is suitable. Such a gas may be made
by mixing natural gas. comprising principally
methane with about an equal volume of steam.
The mixture is heated to about 900° C. in contact
with a suitable catalyst. The following reaction
occurs:
- CH4+H20‘=3H2+CO (5-)

The gaseous product may be used directly for

the treatment of iron in the desulphurization

vessel. . In using a mixture of hydrogen gas and
“carbon monoxide it is important that the carbon

monoxide should not exceed 33 percent by volume. 3

Hydrocarbon gases such as coke oven gas,

methane or propane deposit carbon in the tuyéres.
and are likely to stop the flow of gas. While these -
gases are otherwise suitable, they are not to be,
recommended because of this deposition . of:

carbon.

From the foregoing it is evident that many dif~
ferent gases or combinations may be used, de-
pending upon their availability and the results
desired. In general the cheapest and best gas
for use in many cases will be comprised princi=
pally of hydrogen and/or nitrogen with the
amount of any accompanying gases containing
oxygen reduced to a practical minimum, and, in
the case of carbon monoxide not exceeding 33
percent by volume and in the case of carbon di-
oxide not exceeding 3 percent by volume.

In order to desulphurize large masses of iron
at a rate which is the same for different depths
and which, therefore, is unusually rapid for large

»0

60

commercial quantities of molten pig iron, it is
necessary not only that highly active agitating
conditions exist, but also that very dynamic
desulphurizing reaction conditions occur due to
the chemical intensification of the desulphuriza-
tion.

Unless these two effects are simultaneously
achieved the results will be unsatisfactory. For
example, W. C. Newell, A. J. Langner and J. W.
Parsons experimented with ideas communicated
to them by Heuer and reported the desulphuriz-
ing results obtained in Foundry Trade Journal,
vol. 85, (1948) No. 1668, pages 1656-172. These
experimenters used desulphurizing slags con-
taining fluorspar and tricalcium silicate. They
brought the slag into contact with molten iron
and passed nitrogen through the iron-slag sys-
tem.  They concluded that “the role of nitrogen
when bubbled into the slag seemed to be solely
that of a mixer of slag and metal, and no de-
sulphurizing action proportional to the volume
bubbled was observed.” The highest ratio of
sulphur in the slag to sulphur in the iron which
these .workers were able to obtain with such
slags was 56:1. Thus, the results were unsatis-
factory and not the desirable results which I'have
obtained as shown in Figure 5. It is possible
that their failure was due to the fact that they
passed the nitrogen into the slag-metal system
at a point only slightly below the slag-metal
interface and thus obtained mixing action sole-
ly without chemical intensification. = I have
found that it is necessary to have the nitrogen
gas pass through a substantial depth of metal be-
fore coming to the slag-metal interface. It is
for this reason I recommend that tuyéres be
located at a depth of approximately one-half
the metal depth or preferably even lower than
that. In any event the record indicates that
the mere passing of nitrogen gas: through a pig
iron-slag system does not necessarily achieve
the fine results which I have accomplished, and
indicates that these prior workers, following
the teachings of Heuer, were unable to get re-
sults in any respect approaching those Whlch I
have obtained.

Thus it will be evident that in desulphurizing
pig iron at a rate relatively independent of depth
of bath, a molten pig iron bath should be main-
tained having a depth of from one to fifteen feet,
a desulphurizing slag or other agent should be
brought into contact with the molten. pig: iron,
the molten pig iron- and slag or other agent
should be enclosed to exclude oxidizing gases in~
cluding the atmosphere and to maintain strong
reducing conditions.around the molten. pig-iron
and slag, an inert gas free from substantial quan-
tities of compounds which under the conditions
are more oxidizing than carbon monoxide and
free from carbon monoxide in excess of 33 per-
cent by volume should be blown through a suf-
ficient depth of the molten pig iron at g rate in
excess of one-third cubic foot of gas per minute
per ton of iron measured at room temperature

‘and atmespheric pressure, and g pressure hot

less than atmospheric pressure should be main-
tained in the vessel. If these conditions are fol-
lowed the partial pressure of carbon monoxide in
the iron is reduced and at least 90 percent of the
original sulphur content of the iron is removed
to the slag in 90 to 120 minutes irrespective of
the depth of the molten pig iron bath.
Under the desulphurizing conditions above de-
scribed, 1t is possible to obtain practically com-
plete removal of sulphur from pig iron using
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simple and inexpensive slags, such :as:for ex-
-ample, o slag. containing 45 percent burned:lime,
40 percent - fiuorspar -and 15-percent silica. This
slag-when added to molten pig iron and treated
with an inert gas such as nitrogen produces a
desulphurized iron -containing as low. as 0.001
percent sulphur or lower.

- Other slags containing, for example, 30 per-
.cent of conventional waste iron blast furnace
slag, 40 percent burned lime and. 30 -percent
fluorspar when used in cooperation with treat-
ment with an inert gas such as nitrogen. will
produce desirable results. The latter slag will
pick up from the iron 10 percent or-more of: its
weight in sulphur. -An equivalent weight of lime
originally present in the slag will -be-converted
into -calcium sulphide which remains in the: slag.
Tor each 32 parts by weight, of sulphur entering
the slag as calcium sulphide, 56 parts of-lime are
used up, and 72 parts c¢f.calcium sulphide are
formed in the slag. - Thus the initial slag-con-
taining- 30 - parts. blast furnace slag, 40 -parts
burned lime and 30 parts fluorspar, after picking
up 10 parts of sulphur, then contains the original
30 parts of blast furnace slag-and 30 parts of
fluorspar, but only 22.5 parts of burned lime and
22.5 parts of mewly formed calcium sulphide.
This . slag still has a good -desulphurizing power
and is capable of producing iron containing 0.001
percent sulphur or less.

. Another suitable slag contfains 70 pereent con~
ventional waste iren blast furnace slag, 20 per-
cent burned lime and.10 percent fluorspar. In-
termediate.ranges of lime, silica, fluorspar and
the like may be used.’. A typical analysis for iron
blast furnace slag (before:use) is: - :

° Percent

Ca0O e _ 44
MgO - _— —_ 4
AlsO3 15
SI02 o —— =87
100

The desulphurizing power of lime slags is gen-
eraily better with higher ratios ‘of lime to silica
and with higher percentages of fluorspar. Lower
ratios of lime to silica’arid lower percentages-of
fluorspar than illustrated .above may still be

utilized. Ordinary waste blast furnace slag alone '

may be ‘used with consideérable effect. In. addi-
tion to lime in the slag,; other oxides of the type
RzO, where x is éither integer one or two, as
for example Naz20, and R is a metal of the alkali
or alkaline earth-group, may be advantageously
used as desulphurizing agents.. The -desulphur-
izing agent need not be a fluid, but may-beia
plastic mass or a solid. - For example, powdered
burned lime may be used, or powdered burned
lime aleng with too little silica or fluorspar- to
make’ the mass molten may be employed.
As explained-ahove, the reaction is attributable
tnthe caleium, or similar metal; and calcium-may
be contributed by other materials instead of or
along with caleium oxide, such as calcium car-
bide or calcium silicate or any compound capa-
ble of forming calcium sulphide. oo
““ Molten pig iron having sufficient superheat to
go through the desulphurizing treatment with-
out application of external heat is conveniently
brought from the blast furnace or other source
of molten pig iron in a ladle car 20 operating on
rails 21 and carrying tilting supports 22 which
in the desired position:of tilting engage fixed
trunnions 23 positioned in spaced relation beside

20

G0
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the.track. The:ladle car is. desirably tilted-by
the lifting of a crane which engages the ladle at
-948. Figure 2 shows in dot~-and-dash view the {ilt-
ing position.
The ladle car pours through one of its spou
25 into a small charging opening 26 in the re-
movable cover 21 .of a desulphurizing vessel 28
supported in suitable position beside the. track.
The desulphurizing vessel generally will not be

y provided with heating means.

The desulphurizing vessel comprises a metallic
casing 39, a refractory lining 31 and tuyéres 32,

located adjacent the bottom, and in any case far

enough down so that the.gas will pass through
more than ‘half the height of the molten pig
iron. The ladle can pour from either pouring
opening 33. For pouring purposes the ladle has
trunnions 34 and tilting supports 38 which are
engaged by a crane for tilting the ladle.

The cover has a metallic casing 36 and refrac-
tory lining 3T. :

- The refractory for lining the desulphurizing
vessel and -the cover will preferably be carbon
refractory brieks or. carbon refractory rammed
lining. However, the -desulphurizing agent need
not be. a slag but may be a solid or plastic mass,
such as powdered. burned lime or powdered
burned lime mixed with too-little silica or flour-
spar or both to makethe mass a fluid at the tem-
perature of the molten iron and the refractory
lining ‘may -desirably be of some other character,
such as burned magnesite, or other basic ma-
terial. .

. The desulphurizing vessel when operating con-
tains a charge of molten pig iron 38 and a slag
or other desulphurizing agent 40 floating there-
on. During desulphurization, the desulphuriz-
ing vessel conveniently rests on a base 4i.

From the desulphurizing vessel, the desulphur-
ized pig iron is removed by a transfer ladle 42 -of
conventional character, -which -receives the -pig
jron poured from one-of the spouts 83.

The desulphurizing slag is removed by a similar
transfer ladle, not shown.

Tn operation, -assuming all .of the: vessels are
initially empty, a desulphurizing slag or-desul-
phurizing agent, sufficient in quantity. to form
from 1 to 30 percent of the weight of the:pig
iron to be treated, preferably one percent, is
charged into the covered desulphurizing vessel.
A charge of molten pig iron in the ladle car-is
then brought from the blast furnace or other
suitable source. - A flow of inert gas such as nt-
trogen -as before explained: is- then ~started
through  the tuyéres and iron is poured:info.the
vessel through the charging opening 26. Gas:is
emitted through the charging opening 26 .or
through the pouring spouts, but during the op-
eration  of blowing these . openings should. be
partially closed as by luting fo keep out air in-
filtration. Even though the gas employed may
be substantially pure nitrogen, the pig iron, ini-
tially having a normal sulphur content in excess
of 0.02 percent and commonly of the order of

: 0.034 percent, will introduce 'so much carbon

monogxide in the gas due to the desulphurizing re-
action that the gas emitted at the beginning of
the desulphurization will contain sufficient car-
bon monoxide to burn with a chaaeteristic- flame
when it comes in contact with the atmosphere.
In order to take advantage of both the agita-
tion and the accentuation of the desulphurizing
reaction, the gas flow is continued using gas
from any suitable source supplied at super-at-

73 mospheric pressure and room temperature, at a
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rate in excess of one-third cubie foot of gas per
minute per ton of molten pig iron measured at
room temperature and atmospheric pressure’
The charge of molten pig iron will preferably be
about 150 tons, and the depth of molten pig iron
will be desirably about seven to ten feet. ‘The
maximum diameter of the molten pig iron un-
der treatment will preferably be not over twice
the depth. -
The flow of gas will be continued for a suitable
time until the desired percentage of original sul-
phur is removed. Usually about 90 to 120-min-
utes will remove 90 percent of the original sul-
phur content of the pig iron. The metal can
then be removed from the vessel. The slag-can
be removed before the metal is removed or may
be retained in the vessel and removed after the
metal, -for example using one of the pouring
spouts for the slag and another for the-metal.

It is desirable to obtain a sharp separatmn be- 2

tween the slag and the molten pig iron-while
the molten pig iron remains under strong re-
ducing conditions, as otherwise resulphurization
may occur. If necessary, a second slag ¢an he
introduced for wash purposes after the fiist slag
has been removed, to assure more complete sep-
aration, the second slag being if desired; used as
the desulphurizing slag for the next cycle

When reference is made herein to percentages
or proportions in gases they are by volume,
whereas in solids or liquids they are by~ ‘weight.
Tons are tons of 2,000 pounds.

When reference is made to impurities in the
gaseous content, it will be understood that car-
bon dioxide is includeéd as such an impurity.

In view of my invention and disclosure varia-
tions and modifications to meet individual whim
or particular need will doubtless become evident
to others skilled in the art, to obtain all or part
of the benefits of my invention without copying
the process shown;, gnd I, therefore, ¢laim all such
insofar as they fall within the reasonable spirit
and scope of my claims.

Having thus described my mventlon what I
claim as new and desire to secure by Letters
Patent is: v

1. The process of desulphurizing pig iron,
which comprises mamtammg a bath of molten
pigiron in a desulphurizing vessel in contact with
a calcium desulphurizing agent capable ‘of re-
acting with sulphur in the molten pig to form
calcium sulphide, enclosing the molten pig iron
and desulphurizing ‘agent to exclude oxidizing
gases including the. atmosphere and maintain
strong reducing conditions around~the molten
pig iron and the desulphurizing agent, blowing
through at least a two foot depth of-molten pig
iron an inert gas which is free from-earbon mon-
oxide in excess of 33 'percent by volume; not com-
bustible in the air and is free from substantial
quantities of compounds which, under.the condi-
tions, are more oxidizing than carbon monoxide
while maintaining a pressure of at-least atmos-
pheric in the vessel, leading the inert gas after
it has passed through the vessel out of the en-
closed space and continuing the blowing with the
inert gas beyond the point at which the effluent
gas is combustible in the atmosphere.-

2. The process of desulphurizing pig iron,

12

which comprises maintaining a bath of molten
pig iron having a depth of between 1 and 15 feet

" in contact with a lime desulphurizing agernt in a

10

desulphurizing vessel, enclosing the moltén pig
iron and agent to exclude oxidizing gases, in-

“eluding the -atmosphere, and maintaining strong

reducing conditions around the molten pig iron
and agent, blowing through at least one-half of

<the depth of the molten pig iron an inert gas

which is free from carbon monoxide in excess of
33.percent by volume, noncombustible in the air,

‘“free from substantial quantities of compounds
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‘which, under the conditions, are more oxidizing
-than carbon monoxide at a rate in excess of one-

third cubic foot of gas per minute per ‘ton of
iron measured at atmospherie temperature and
pressure to chemically intensify the desulphuri-
zation and physically accelerate the agitation

‘while maintaining a pressure in the vessel at least
‘as great as atmospheric pressure, leading the

inert gas after it has passed through the vessel

‘out into the atmosphere and there initially burn-~

ing the same and continuing the blowing with
the inert gas beyond the point at which the gas
is combustible when it comes out into the atmos-
phere. : _ i
3. The process of desulphurizing pig’ iron,
which comprises maintaining a bath of molten
pig iron having a depth of at least two feet in
contact with a caleium desulphurlzmg agent in
a desulphurizing vessel, enclosing the molten pig
iron and agent to exclude oxidizing gases, includ-
ing the atmosphere, and maintaining strong re-
ducing conditions around the molten pig iron
and agent, blowing through at least a two foot
depth of molten pig iron an inert gas which is
free from carbon monoxide in excess of 33 per-
cent by volume, noncombustible in the air and

‘free from substantial quantities of compounds

which under the conditions are more oxidizing
than carbon monoxide, at a rate in excess of
one-third cubic foot of gas per minute per ton of
iron measured at atmospheric temperature and
pressure to chemically intensify the desulphuri-
zation and physically accelerate the agitation
while maintaining  a- pressure in the vessel at
least as great as atmospheric pressure, leading
the gas after- it has passed through the .vessel
out of the enclosing space and continuing the
blowing with the 1nert gas beyond the point at
which effluent gas is combustible in the atmos-
phere. - .
DOMINIC J. WYNNE. -
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