
O 

s 

Reissued July 2, 1940 
UNITED STATES 

21,500 

Re.21,500 
PATENT OFFICE 

METHoD of DECARBONIZING A CARBON 
HopNG METAL, FoR INSTANCE PG 
RON 

var Rennerfeit, Djuraholm, Sweden. 
No Drawing. Origina No. 2,170,158, dated 
August 22, 1939, Serial No. 108,012, October 28, 
1936. Application for reissue March 25, 1940, 
Seria No. 325,922. In Sweden November 4, 

12 Claims. (C. 5-28) 
the small iron particles, thus facilitating a quick 
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My invention relates to improvements in meth 
ods for producing for instance soft iron particles 
to be used principally as a substitute for ordinary 
high grade low carbon scrap iron when making 
steel in open hearths and electric furnaces. The 
invention has for its objects: first, to provide a 
cheap method suitable for decarbonizing ordinary 
or high grade white or gray pig iron; second, to 
provide a method for eliminating at least a sub 
stantial part of the sulphur present in the pig 
iron; third, to provide a simple and rational 
method for decarbonizing pig iron at a tempera 
ture lower than the melting point; fourthi, to 
provide a decarbonizing method that may be con 
veniently carried out in any one of a considerable 
number of heating furnaces of well known types; 
fifth, to facilitate the production of high grade 
steel or alloys of uniform quality by supplying a 
high grade soft iron of uniform quality, available 
in abundant quantities; sixth, to provide a meth 
od adapted also for decarbonizing metals and 
alloys in general. - 
The several objects of my invention are at 

tained by first subdividing the carbon holding 
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metal such as white or gray pig iron into more 
or less hollow granules, grains, a fine powder or 
thin flakes by means of mechanical crushing and 
grinding or by exposing the iron when in a liquid 
state to the action of water, air or steam. This 
may be done by pouring the iron into a pool of 
water or by blowing air or steam onto a jet of 
iron flowing from a furnace or a ladle. To obtain 
the iron in the shape of thin flakes it might be 
poured onto an iron bed or on rotating rollers 
which may be cooled in any suitable manner. 
The finely subdivided iron is then exposed to 

the action of solid or gaseous oxydants at a ten 
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perature between 750 and 1100 C. or thereabout, 
preferably in the neighbourhood of 1000 C. The 
solid oxydant may consist of an iron ore, for in 
stance hematite, purple ore, magnetite, an iron 
carbonate or an iron hydoxide. One may also 
use a carbonate for instance of lime, which is 
split up into CO2 and CaO at about 1000° C. 

If employing oxidizing gases, these may consist 
of CO2 or air or of a mixture of CO2 and CO in 
suitable proportions, for instance 25% CO and 
75% CO which will greatly facilitate the oxi 
dizing of the carbon without oxidizing the iron. 
In the case of decarbonizing by means of gases, 
which might be free from nitrogen, one can 
mix the iron particles with a neutral material, 
for instance sand, crushed quartz, a powder of 
lime or limestone or even with an iron ore. The 
addition of a neutral material such as lime or 
quartz will Counteract any tendency of the metal 
particles to sinter or stick together. If decar 
bonizing by means of iron ore this should be in 
the shape of a fine powder in order to cause a 
very intimate contact between the oxydant and 

and far reaching decarbonizing, for instance to 
0.1% and less in a couple of hours . To facilitate 
still more the removal of carbon the charge may 
be kept in sow motion by rotating the furnace 
in which it is heated or by means of Scrapers. Or. 
other stirring means in case of a stationary 
nace being employed. 
When required for certain reasons, for instance 

for decarbonizing Fecr or FeMn, etc., one may 
introduce hydrogen gas or steam into the charge 
and one may also cause it to be heated in vacuo, 
preferably in a high frequency furnace in order 
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to facilitate the splitting up of for instance a 
carbide of Cror Mn, which are much more stable 
than the cententite of iron. The method com 
prises also the method of briquetting the raw 
materials if so desired. - 
The soft iron particles obtained may also be. 

compressed into briquettes to facilitate shipping 
to other places. In such briquettes other metals 
such as Cr, Mn, W, W, Mo, Ni and Co may be 
added in the shape of grains or powder so as to . 
provide alloys when melted later on in an elec 
tric or other furnace. 

By adding a considerable excess of an easily 
reducible iron ore and using a reducing gas, for 
instance Ha or CO, preferably at the end of the 
decarbonizing period, one may obtain a corre 
sponding increase of iron without any substantial 
increase of the expenses, thus reducing the cost 
per ton of soft iron produced. By the addition of 
a basic material such as line or milk of line 
or lime stone a substantial amount of the sul 
phur, which might be present in the charge, will 
be transformed to CaS, which may be removed in 
any suitable way. It is possible that also phos 
phorus, which may be present as a phosphide of 
iron, may be removed in the same way. 

If the soft iron obtained is mixed with another 
solid matter, for instance coarse sand or an ex 
cess of ore, a division may be obtained by stft 
ing, screening, vibration on a suitable surface, by 
centrifugal operations or in a magnetic separator. 
Before heating the iron particles they may be 
classified according to their sizes so as to facili 
tate a uniform and quick decarbonizing process. 
The heating operation may be performed in 

several types of furnaces having electrical or 
other means for heating. One night for in 
stance employ a rotating tubular furnace of the 
slightly inclining type having burners for internal 
heating by means of oil, gas or coal powder. One 
may also heat the charge by means of an electric 
current using the charge as a resistance in well 
known manner. The specific resistance of the 
charge may be controlled by adding more or less 
of a neutral material such as lime or quartz etc. 
The charge may also be heated by heat radiating 
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from a resistance or an electric arc inside of the eo 
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furnace, for which purpose electrodes are inserted 
in proper way. Another Way of heating consists 
in using a tunnel furnace of the type used for 
making malleable iron castings or for roasting 
iron ore briquettes charging the materials in open 
or covered hearths on top of cars, which are 
gradually heated by the furnace gases when 
travelling along the furnace tunnel. Decarbonis 
ing may also take place by heating the materials 
in annealing pots or boxes in the normal type of 
stationary annealing furnaces employed in the 
malleable iron industry. 
Even a coking furnace of the retort or chamber 

type may be employed for decarbonizing accord 
ing to the invention. Decarbonizing may also 
be effected in a furnace of the pyrite roasting type 
in which the charge is travelling in counter cur 
rent to a flow of hot gases or in a kiln for firing 
bricks having a plurality of chambers arranged 
in well known manner. One may, naturally, also 
use any kind of electric annealing furnaces heat 
ing the materials in pans or boxes or other recep 
tacles of heat resisting alloys. 
When using the method for decarbonizing oth 

er metals than pig iron it may be advisable to 
use other solid oxydants than stated in the case 
of iron. One night also find it useful to in 
crease the temperature considerably in the case 
of decarbonizing Pecr and PeMn. 

Regarding the scope of my invention and the 
means for successfully carrying it out in the prac 
tise I do not want to limit myself in any certain 
way and having now fully described my inven 
tion what I do claim and desire to secure by 
Letters Patent of the United States of America is: 
1. A method of producing low carbon iron 

grains, consisting in heating a charge of small 
iron granules, obtained by rapidly cooling molten 
iron in a cooling fluid, while stirring the charge 
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in a combustion zone the atmosphere of which, 
containing CO2 and CO gas, is suitably composed 
for oxidizing substantially only the carbon but 
not the iron of the granules, the heating being 
sufficient for decarbonizing the granules but in 
sufficient for causing them to melt. 

2. In a method according to claim 1, heating 
the charge of granules in a combustion zone, the 
atmosphere of which contains at the most 25% 
CO2 and at least 75% CO. 

3. A method of producing low carbon iron 
grains, consisting in heating a charge of a mix 
ture of small iron granules, obtained by rapidly 
cooling molten iron in a cooling fluid, and an 
easily reducible iron ore in a finely divided state, 
while stirring the charge by revolution in a com 
bustion zone the atmosphere of which, contain 
ing CO2- and CO-gas, is suitably composed for 
oxidizing substantially only the carbon but not 
the iron of the granules, the heating being suf 
cient for decarbonizing and reducing the charge 
without melting it, a gas suitable for. reducing 
the iron ore being introduced at the end of the 
decarbonizing period. 

4. A method of producing low carbon grains 
of an iron alloy, consisting of heating a charge 
of small granules of the alloy, obtained by rapidly 
cooling molten alloy in a cooling means, while 
stirring the charge by revolution in a combustion 
zone the atmosphere of which, containing CO2 
and CO-gas, is suitably composed for oxidizing 
substantially only the carbon but not the metals 
of the granules, the heating being sufficient for 
decarbonizing the granules but insufficient for 
causing them to melt. 

5. A method of producing low carbon iron 
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grains which comprises subdividing iron into 
small rounded granules by rapidly cooling it 
while in liquid state, introducing the granules 
into a tubular, slightly inclining furnace, stirring 
the charge by rotating the furnace, heating the 
particles sufficiently for decarbonizing but below 
the melting point in an atmosphere containing 
a mixture of CO2- and CO-gas suitable for 
oxidizing only the carbon but substantially not 
the iron of the granules and producing the hot 
decarbonizing atmosphere by means of internal 
combustion in the furnace. 

6. In a method according to claim 5, dimin 
ishing the concentration of the CO-gas in the 
furnace atmosphere by introducing at least one 
of the diluting gases Na, Ba and HaO. 

7. A method of producing low carbon iron 
grains which comprises a subdivision of the iron 
into small rounded granules by rapidly cooling 
it while in a liquid state, introducing them into 
a tubular, slightly inclining furnace, stirring them 
by rotating the furnace and heating the charge 
in an atmosphere of hot gases, produced by 
internal combustion of a fuel, said atmosphere 
containing a mixture of at most 25% CO2 and 
75% CO, substantially without oxidizing the iron. 

8. A method of producing low carbon iron 
granules which comprises the heating of rounded 
granules of iron, obtained by rapidly cooling liq 
uld iron, in a rotating, tubular, internally heated 
furnace, raising the temperature of the granules 
sufficiently for decarbonizing but below the melt 
ing point while causing the charge to be stirred 
and to move in a direction opposite to that of a 
flow of gases composed of CO2 and CO and at 
least one of the diluting gases Na, Ha and H2O 
and preventing a substantial oxidizing of the 
iron by a suitable control of the proportions be 
tween the CO2- and CO-gas of the furnace at 
mosphere. 

9. A method of producing low carbon iron 
granules which comprises the heating and stirring 
of a mixture of rounded granules of iron, ob 
tained by rapidly cooling molten iron, and an 
easily reducible iron ore in a finely divided state 
in a rotating, slightly inclining, tubular and in 
ternally heated furnace in an atmosphere ca 
pable of decarbonizing the granules at a temper 
ature below the melting point and then in a 
reducing atmosphere for producing iron from the 
ore component of the charge. 
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10. A method of producing low carbon iron 
grains which consists in heating granules of iron 
produced by rapidly cooling liquid metal together 
with a basic material sufficiently for decarbon 
izing them but below the melting point in an 
atmosphere containing at least the gases CO2 
and CO in such proportions that substantially 
only carbon and sulphur are removed from the 
iron grains which are otherwise practically un 
changed. - 

1. A method of producing low carbon iron 
grains which consists in granulating the iron by 
rapid cooling, classifying the granules according 
to their sizes and then heating a graduated class 
of granules by itself sufficiently for decarbonizing 
it but below the melting point in an atmosphere 
of gases containing at least the gases CO2 and 
CO in a proportion suitable for oxidizing substan 
tially only the carbon but not the iron itself. 

12. In a method according to claim 10, heating 
the mixture of granules of iron and basic mate 
rial in a rotating, inclining tubular furnace. 
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