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[57] ABSTRACT 

A method of producing ferrous alloys, especially cast 
irons, having predetermined properties and of prede 
termined quality from heterogeneous raw materials 
with corrective additives, the quality of the ?nal prod 
uct being independent of the raw materials used. In a 
cupola charged with alternate layers of coke and raw 
materials and set in operation, ozone is continuously 
added in small amounts as well as a compound for lib 
erating nitrogen, such as hydrogenated nitrogen com 
pounds and organic nitrogenous compounds, and an 
halogen, such as methyl chloride or chlorobenzene. 
Liquidus temperature curves are plotted for given 
temperature and additions of steel, for obtaining the 
optimum liquidus temperature. The melting is contin 
ued as a function of the desired relationship of carbon 
equivalent, eutectic temperature and amounts of steel, 
for example, to be added, and tensile strength thereby 
maintaining the optimum liquidus temperature. 

22 Claims, 2 Drawing Figures 
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1 

METHOD OF PRODUCING FERROUS METAL OF 
CONSTANT PROPERTIES FROM 
I-IETEROGENEOUS MIXTURES 

The present invention relates to improvements in the 
selective precision production of ferrous metals, such 
as cast iron and steel of predetermined properties, by 
melting heterogeneous raw materials. The method pro 
vides inter alia general means which, determined from 
the operating conditions of a given foundry, may be 
subsequently used for other foundries. 
The invention also concerns the cast irons and steel 

obtained by this method. 
Generally speaking, foundries are required to fur 

nish, as economically as possible, metals having well 
de?ned and constant chemical composition and physi 
cal characteristics corresponding to their intended use. 
In order to satisfy this requirement, it is necessary to 
have available means for reproducibly obtaining in a 
foundry a metal whose chemical composition falls in a 
narrow theoretical range and where principal physical 
properties are very close to the desired properties. For 
cast irons, these properties include, inter alia, tensile 
strength, Brinell hardness as well as the percentage of 
silicium which contributes to facility of subsequent 
machining. However, for raw materials for making cast 
iron, foundries dispose of very heterogeneous materials 
such as scrap iron, and steel and iron works rejects, to 
which there must be added fresh products like new 
foundry iron or foundry pig in order to render the for 
mer materials usable. It is naturally impossible at the 
beginning to obtain a sufficient chemical analysis of the 
rejects to be informed, for example, on the carbon and 
silicium content of the raw materials in order to be able 
to obtain the desired composition and characteristics. 
By using such raw materials, in particular rejects, it 

has also been observed that the concentration of cer 
tain elements increases sometimes reaching consider 
able percentages which are generally undesirable. In 
the rejects there may be found, especially in manufac 
tured products, copper, chromium, molybdenum, 
nickel, titanium, and the like. Other impurities originat 
ing, for example, in the ores, treatments and refractory 
linings of the foundry furnace, as well as inoculents 
may also be concentrated in the metal. Calcium, alu 
minium, zirconium, lithium, strontium and barium are 
cited by way of example. Now, all these impurities 
become more and more concentrated in the raw mate 
rials until they exceed a threshold level above which, 
irrespective of the origin of the raw materials, it is 
practically impossible to obtain the required physical 
properties. 
Various attempts have already been made for over 

coming these problems, but all the proposed solutions 
depend upon the rule-of-thumb experience of the 
founders which explains the irregularity of the results 
and the lack of reliability of the method heretofore 
applied. 
One known method consists in using fresh foundry 

pig or iron to dilute at least a portion of the impurities 
of the rejects whose analysis is practically impossible. It 
is not surprising that for this reason alone the results 
are uncertain and variable, but this uncertainty and 
variation are further increased by the type of foundry 
pig or foundry iron used; indeed, nowadays there is 
introduced into the blast furnace a percentage of petro 
leum products, such as fuel oil, as fuel partially replac 
ing the coke. It has been found that pig iron made in 
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2 
part with petroleum products is poorly suited for effect 
ing the aforesaid dilution because endogenetic slag 
forms during melting and separates during cooling. In 
addition to this problem is the systematic inoculation of 
the steels, the killing by elements such as aluminium, 
titanium, lithium and zirconium, the use of tin for hard 
ening the cast irons and the manufacture of wrought 
iron, the agglomeration of the sands by furanic resins; 
each phenomenum causes the concentration of numer 
ous impurities and consequently substantial and unpre 
dictable rejects. 

It has also already been proposed to make correc 
tions during melting, by themodi?cation of the per 
centage of the fuel between charges or by correction in 
the ladle by adding graphite and silicium when the melt 
has become too strongly oxydizing. These corrective 
charges are also effected empirically, and naturally 
they only react after the melting of the preceding 
charges, i.e., after the observed operating mishap. A 
large amount of metal which does not have the antici 
pated and desired characteristics is thereby rendered 
unusable. In any event, the empirical corrective 
charges usually called “false charges,” do not avoid the 
formation of endogenetic slag, the cause of numerous 
rejects, regardless of the value of the carbon equiva 
lent: there has been observed, amongst other things, 
the fall of the mechanical strength characteristics by 
the looseness of the grain structure owing to the pres 
ence of the impurities or slag, a signi?cant increase in 
the tendency to form shrinkage cavities or holes and 
cracks, and excessive porosity. 
A method furnishing the cupola with very homogene 

ous high grade pig is also known which enables the 
reduction of rejects, by introducing into the cupola a 
certain amount of cetene-forming agent; this opera 
tional industrial method is further advantageous by its 
?exibility in operation, but it does not eliminate the 
difficulties due to the heterogeneity of the constituents 
of the mixture treated. 
One could obviously consider (as this was in fact the 

object of many known processes), that the perfect 
knowledge of the raw materials and their purity would 
enable the manufacture of the cast iron meeting the 
precision and substantially reproducible conditions; 
however, it has never been contemplated to provide the 
founders with means for putting the various installa~ 
tions under optimum conditions in a practically auto 
matic way for providing a given cast iron having precise 
characteristics from heterogeneous materials of differ 
ent origins. 
Such an actual industrialization of cast iron process 

ing is in fact the principal object of the invention which 
in addition proposes to produce very high strength 
lamellar cast iron which is readily cast and easily ma 
chined, from usual heterogeneous raw materials. 

Starting from the fact that -— as is known for raw 
materials and a given foundry — the variation of the 
carbon equivalent (CE) as a function of the liquidus 
temperature (T.liq.) is linear and the tensile strength 
varies with the carbon equivalent, the inventor under 
took numerous tests and studies with the aforesaid 
object in mind; first of all, these :studies showed him 
that the linear variation of CE as as function of liquidus 
temperature was purely theoretical and that the ran 
dom variations of the corresponding straight line of 
tensile strength resulted from the impurities and vari 
ous origins of the raw materials utilized. It was there 
fore possible to conclude that these variations ex 
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plained, in fact, the problems associated with the man 
ufacture of cast iron according to known methods. 
From the basic general study for the invention there 
fore developed from this interpretation of known phe 
nomena and problems the following conclusions: there 
should be a way of using heterogeneous raw materials 
for obtaining with great precision a metal of predeter 
mined physical properties and that the raw materials 
having a large concentration of impurities as well as 
fresh pig iron processed at least in part with petroleum 
products could be used and lead to a normal manufac 
ture in spite of their disadvantages. 

In other words, instead of being satis?ed, as is usually 
the case in foundries, with adapting the melt-tempera 
ture situation to the required conditions a posteriori 
and charge by charge by empirical corrections and 
necessarily delayed action the invention provides to 
utilize the known drawbacks and problems in order to 
determine, ?rst of all, an optimum liquidus tempera 
ture for a desired carbon equivalent and tensile 
strength and then bring about a change in the melt as a 
function of this temperature and the results of these 
corrections which have a nearly immediate effect, thus 
enabling the manufacture of the end product in a reli 
able and reproducible manner. 
The method of the invention for producing cast iron 

of predetermined quality in starting from heteroge 
neous raw materials, by melting the said materials with 
corrective additives of the constituents is characterized 
in that after charging a furnace, such as a cupola, in a 
known manner with alternative layers of fuel (coke) 
and raw materials, it is started up, introduced into the 
cupola on the one hand small amounts of ozone and on 
the other hand at least one compound for liberating 
nitrogen and a halogen at the melting temperature, it is 
determined for a given temperature and by introduct 
ing different amounts of one of the constituents, steel 
for example, the melting curves corresponding to dif 
ferent liquidus temperatures for a selected range as a 
function of the eutectic temperature, it is ?xed from 
these curves the amount of steel to be added to any 
mixture of the available raw materials for a given car 
bon equivalent CE. in order to provide the optimum 
liquidus temperature corresponding to the mixture and 
to the tensile strength to which it corresponds, the 
melting is continued as a function of the desired rela 
tionship of carbon equivalent, eutectic temperature, 
addition of steel, tensile strength so as to directly main 
tain the optimal temperature, i.e., for elaborating a cast 
iron of constant quality, independent of the heteroge 
neous materials employed. 
By studying the numerous tests effectuated according 

to the aforesaid interpretation, Inventor has noted the 
unexpected fact that when the curves which will be 
precized hereafter and which correspond to a given 
foundry were de?ned, it was possible to use these re 
sults for any other foundries. This is a great advantage 
for reliable manufacture of cast iron of predetermined 
grade since the invention thereby enables in all cases 
mastery of the liquidus temperature of the metal and to 
obtain, so to speak, any predetermined value of the 
carbon equivalent and further tensile strength values 
which were not to be foreseen for cast iron. 
The treatment of the impurities which is a selective 

refining of the raw material not only enables the opti 
mum melting temperature to be subsequently main 
tained, but also taking into account the foundry stan 
dardization according to the invention, permits a meat 
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burization or decarburization of the melt while, if de 
sired, attaining values of carbon equivalent of the eu 
tectic point ranging from 4.20 to 4.60 corresponding to 
the manufacture of lamellar graphite cast iron and up 
to a liquidus temperature of 1,300°C: it is known that 
these zones are now considered as the range of mallea 
ble cast iron. 
Other features concerning the treatment of impuri 

ties are as follows: 
When it is desired to obtain a product whose percent 

age carbon is greater than the sum of a carbon percent 
of the raw materials in the furnace, a compound de 
rived from the distillation of products of plant (vegeta 
ble) origin, selected from the group of coal, wood and 
natural resins, is introduced. 

In case a product is desired whose total carbon per 
centage is less than the sum of the carbon in the raw 
materials in the furnace, an oxygenated compound 
liberating oxygen at the melting temperature is intro 
duced. Hence, distinct means are available for raising 
and lowering the liquidus temperature to the optimum 
temperature during the entire melting operation. 

In order to carry out this re?ning operation which is 
essentially to “standardize” the foundry one may use a 
mixture of compounds separately liberating nitrogen 
and chlorine or a single compound liberating both 
cases. In this case it is necessary to release the gases in 
situ in the molten metal by means of a compound liber 
ating the gas since the simple gas mixed with air for 
combustion does not yield good results. 
Amongst preferred compounds for liberating nitro 

gen, the following may be cited, as examples: ammonia, 
hydrazine salts and organic nitro-derivatives in general. 
Solid hydrazine salts are preferably used in the ladle 
whereas the other liquid or gaseous compounds are 
injected into the combustion-supporting air: it has been 
found that carbides, nitrides or carbonitrides of tita 
nium, zirconium, or aluminium, for example, were 
neutralized by the nitrogen liberated directly in the 
metal. Nitrobenzene and hydrazine give very good 
results in this case. 
The concentrations of aluminium, zirconium, magne 

sium, calcium, silicon, titanium, chromium, manga 
nese, nickel and iron oxides and sul?des are reduced in 
large proportions by the action of the chlorine-liberat 
ing compound. These oxides and sul?des are in part 
eliminated in the slag while the remainder is neutral 
ized. It has been found that liberated fluorine gives the 
same results, and moreover it facilitates the rise of the 
oxides and sul?des in the form of slag. 
The organic or inorganic products liberating the 

chlorine which provides satisfaction are slightly chlori 
nated. The process may be simpli?ed in its whole ad 
vantageously be using organic chlorinated solvents 
capable of dissolving the products of distillation of 
coals, wood and natural resins. In particular, methyl 
chloride, chlorobenzene and chloronitrobenzene have 
given total satisfaction. The chloronitrobenzene has the 
advantage of being able to react during the re?ning as 
sole compound. In certain cases it is possible to use an 
oxyhalogenated compound also liberating oxygen at 
the melting temperature. 

In case the raw materials contain a substantial pro 
portion of copper, it would be advisable to add to the 
refining agent a calcium or sodium acetate in the ratio 
of 10% of the charges of fluxes. 
Since the optimum liquidus temperature determined 

by the curves for a given value of tensile strength ought 
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to be maintained during melting or at the very least in 
the ?nal phase, it is possible, according to the invention 
and to the requirements, to increase the liquidus tem 
perature and then decarburize the metal, or reduce the 
liquidus temperature and then recarburize, as it ap 
pears from the curves showing the relationship between 
the carbon equivalent CE and the liquidus temperature 
Toliq. Such recarburization and decarburization thus 
provide by controlling the melt a metal whose total 
percentage of carbon is at will, greater or less than the 
total carbon percentage of the materials in the furnace, 
including thereby the natural recarburization in the 
cupola. 
For recarburization, the best results are obtained 

with compounds coming from the distillation of prod 
ucts of plant origin, selected from the group of coal, 
wood and natural resins. An injection of coal tar or 
wood tar produced remarkable results. The following 

' has been observed: a rapid and sensitive recarburiza 
tion, an alphagenic effect ascertained by the reduction 
of the tempering and the tendency to form cementite,'a 
reduction of the sensitivity of the part depending on its 
thickness, a substantial increase in the tensile strength 
as well as the absence of endogenetic slag formation. 
According to the invention, the recarburization is 

preferably carried out most often at the same time as 
the re?ning: for this purpose the selection of the com 
pounds is made by taking into account the following 
observations: the injection of certain compounds com 
ing from the distillation of products of plant origin 
depending on their origin and physical properties, may 
bring about the casing of these compounds at the end 
of the nozzles by coking; however, this problem is 
avoided when a distillate is selected from the light oil or 
a heavy oil fraction or even a distillation residue when 
diluted in an appropriate solvent. Among the solvents 
yielding good results, the following may be mentioned: 
cyclohexane, toluol andoxylol. Nevertheless, there is a 
preference for the above-mentioned organic chlori— 
nated and nitrochlorinated compounds which are used 
at the re?ning agent as well as the solvent. When recar 
burization is necessary, it suf?ces to dilute the compo 
sition obtained from distillation in methyl chloride, 
chlorobenzene or fluorobenzene. 1 
Amongst the compounds which have been found 

satisfactory, there may be mentioned coal tar or wood 
tar, chosen from light, medium or heavy oil fractions, 
as well as distillation residues or distillates of natural 
resins such as pine resin or rosins. The residues from 
the manufacture of turpentine also yield good results. 
All these products are soluable in the above mentioned 
solvents. 
Other carbonaceous products were tested without 

achieving good results. They are often solids which are 
difficult to measure in injection, such as charcoal pow 
der, small coke, lean coal dust and powder graphite, 
there is practically no recarburization. The same obser 
vation was made when introducing petroleum products 
such as Diesel oil which results only in coke savings by 
merely constituting a source of heat. 
The introduction of the recarburizers diluted in a 

natural gas, (butane or propane) jet or burner has the 
advantage of reducing the oxydizing power of the gases 
burned while at the same time increasing the ?ame 
temperature of the jet or burner. 
By way of example, 2 to 4 liters of a mixture contain 

ing 50% coal or wood tar light oil fraction by weight 
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with one of the solvents or re?ning agents, mentioned 
above, may be introduced per metric ton of metal. 
Ozone, when controlled, is a compound liberating 

oxygen at the melting temperature and gives excellent 
results. With air enriched by 10% ozone it becomes 
possible to decrease the carbon equivalent to 0.6%. For 
assuring this control of ozone, it is advantageous to 
introduce at the same time as the ozone an additive 
tending to raise the decomposition temperature of 
ozone to a value close to the melting temperature, in 
order to avoid a tood rapid decomposition of ozone and 
thereby obtain a better decarburization, isopropyl 
oxide and turpentine are possible additives. The oxida 
tion of metalloids, particularly silicium and manganese, 
remain within reasonable limits, below 15%. 
Combustion-supporting air is treated by a bank com 

prising a plurality of ozone generating elements thereby 
enabling a more or less energetic decarburization. It is 
found that the carbon equivalent decreases rapidly with 
air saturated with ozone. Thus, a liquidus temperature 
which is too low may be raised towards the optimum 
liquidus temperature. 
Other compounds for liberating oxygen at the melt 

ing temperature which give equally good results, are 
oxygenated organic or inorganic salts such as haloge 
nates or organic ether oxides. Oxyhalogenated salts, 
such as chlorates, have the advantage of acting as both 
decarburizer and re?ning agent as indicated above. 
The foregoing which was obtained for a given 

foundry and a particular set of heterogeneous materials 
has been found to be directly applicable, mutatis mu 
tandis to all foundries and raw materials. 
Before describing the method according to the inven 

tion in detail it should be recalled, first of all, that by 
the term cast iron it is designated a ferrous alloy con 
taining carbon in an amount greater than the maximum 
solubility of this element in iron. Moreover‘, it is known 
that the maximum solubility in an iron-carbon binary 
system is attained at 1147°C, the theoretical value is 
2.06% which gives the “unstable” — or labile — system 
(white pig iron). But the amount of carbon is less when 
the iron contains substantial amounts of alphagenic 
elements, silicium especially. The iron then cools ac 
cording to the “stable” system; the eutectic tempera 
ture is 1 15 3°C and the percentage of carbon is no more 
than 2.03%. Therefore, between the unstable and sta 
ble systems the eutectic concentration (carbon satura 
tion) varies between 4.25 and 4.30. 
The formula giving the carbon equivalent (C.E.) 

enables the comparison of an iron alloy containing 
carbon, silicium and phosphorus with an iron-carbon 
binary system. Starting with a cast iron of the same 
chemical composition, viz. 3.47% total carbon, 2.40% 
silicium and 0.10% phosphorus, it is said — depending 
on the country or the technician -— that 1% silicium is 
equivalent to 0.33, 0.25 or 0.22 carbon, i.e., the eutec 
tic concentration or carbon equivalent has values 4.30, 
4.05 or 3.98 respectively depending on the formula‘ 
employed, which in the USA. is: 

Si P 
CE = C + —3-—-+ -3—- where Si = 0.33 C 

2.40 O.l0 
CE= 4.30 = 3.47 + 3 + 3— 

in the UK. is: 
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s' P . - 

CE=C+ 7,'—+ —2—— where Si=0.25C I 

2.40 0. 
CE=4.12=3.47+ 4 + 210 

in France (according to Renault) is: 

—C+ 45 + 2 where Sr—0.22 C 

2.40 0.10 
CE — 4.05 — 3.47 + F-d- 2 

Therefore, depending on which of the formulae one 
uses, the English and French points of carbon equiva 
lents, are respectively 0.18 and 0.25 below the point 
4.30 (that of the American formula). The example 
described hereinafter is based on the last-mentioned 
formula (CE = 4.30) but corresponding results are 
attained with the English and French formulae. The 
remark is here to be made, that the great divergence 
between the interpretations of technicians should be 
noted which con?rms that there are unknown factors 
to be discovered, precised and mastered. 
The tests carried out have established that the eutec 

tic concentration point is not in reality ?xed but varies 
according to the manner of melting, nature of raw 
mateials, etc, furthermore the tests show that when the 
eutectic concentration increases, the quality of the 
metal also increases. 
According to the invention, the carbon equivalent is 

calculated as a function of the melting rate expressed in 
metric tons/hour/sq.decimeter (D2) of the section of 
the cupola, and the percentage steel of the metal 
charges uniformly distributed between 0% and 100% 
for the useful range of liquidus temperature Tuq (be 
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tween ll50°C and 1300°C for lamellar graphite cast ’ 
irons). Considering a melting rate between 4.6 D2 and 
6.5 D2 for a production rate between 5 .6 D2 and 6 D2, 
the throught put rate in metric tons/hour for a cupola 
having a diameter of 1 meter is as follows: 

(index) 
melting rate 4.7 D2 5.6 D2 6.0 D2 6.5 D2 
production P 4.6 MT 5.6 MT 6.0 MT 6.5 MT 
coefficient A 1.3 1.5 1.7 1.9 

A is the slope of the melting curves and is equal to: 

The coefficient A can be determined according to 
the formula: 

distance 
ac % 

where ac% indicates the percent of steel. 
The distance (which may be called “liquidus dis 

tance”) is the difference between the liquidus tempera 
ture of the mixture and the eutectic liquidus tempera 
ture which in the present example was chosen at 
1150°C, which is the average of 1147°C and 1153"C 
respectively corresponding to the unstable and stable 
systems respectively. 
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8 
The carbon equivalent (CE) on the basis of a large 

number of trials is given by the relationship 

distance 

Finally the diagram or graph shown in FIG. 2 is con 
structed which enables the control of the operation of 
the cupola in order to obtain a given cast iron. This 
graph shows for given initial eutectic liquidus tempera 
ture, coefficients A, and production as well as the cor 
relations between the melting rate, the percentage steel 
added (ac%) the liquidus distance, liquidus tempera 
ture and carbon equivalent relative to the initial eutec 
tic point. 
D. is the internal diameter of a cupola expressed in 

meters and measured at a distance between 20 and 
30cm above the tuyeres. The coefficients 4.7 — 5.6 — 

6.0 — 6.8 represent the production according to the said 
coef?ents: it is said that a cupola having a diameter of 
one meter, i.e., 1 X 1 = D2, produces 4.7MT, 5.6MT, 
6.0MT, 6.8MT/hour when enough air is provided in 
order to ensure the production of 4.7 D2, 5.6 D2, 6 D2, 
6.8 D2. 
The production is controlled by the charging rate of 

the furnace: the cupola having a diameter of 1 meter 
operating at 6 D2 absorbs 10 charges of 600 kg per 
hour, i.e., a charge every 6 minutes; founders com 
monly de?ne the cupola by D’. The coef?cient of pro 
duction P expressed as D2 varies in practice between 
about 4.5 and 6.8 for normal melting and the relation 
ships with the corresponding coef?cients A are ob 
tained as follows: 

In the graph (FIG. 2) increasing values of steel are 
indicated on the abscissa; to facilitate the reading of the 
curves a double distance has been chosen for the values 
of steel compared to the corresponding distances, liqui 
dus temperature and carbon equivalent. 
According to the scale in the graph, 10°C liquidus 

temperature is represented by 10 mm and 10% steel is 
represented by 20 mm; thus 10 mm along the ordinate 
gives a change in the coef?cient A of 0.1 on the ab 
scissa at 100%. In order to plot the ends of the curves 
it suffices to mark 100 mm on the ordinate to obtain 
the curve A = 1; 140 mm for the curve A = 1.4; 150 
mm for the curve A = 1.5 and so on. The origin 0 
corresponds to 0% steel on the abscissa and on the 
ordinate, liquidus temperature which was chosen equal 
to 1150°C, eutectic concentration point which is val 
ued at a carbon equivalent of 4.3. The liquidus temper 
atures along the ordinate are transformed into dis 
tances relative to the origin; by dividing this distance by 
100 and multiplying it by the coef?cient 0.9, the de 
creasing values of carbon equivalent are obtained 
which are to be substracted from the value of the car 
bon equivalent at the origin which in this example is 
4.30. 
For example, along the upper curve (A,,) for a value 

of 55% steel on the abscissa we read a liquidus temper 
ature of 1260°C, a liquidus distance (dist.) of 1 10°, and 
carbon equivalent (CE) less 0.99 on the ordinate. ln 
deed 1260°C liquidus minus ll50°C at the origin gives 
1 10° as the distance; now it is known that the coeffici 
ent A is ‘ - ' - 

Dist 
ac% ‘ 
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that is, in the present example: 

_ 110mm.) 

A “ s5 % (steel) —2. 5 

Along the curve A4 = 2 for 100% steel, a liquidus tem 
perature of 1350° is obtained. Therefore, A4 X ac% = 
distance liquidus = 2 X 100 = 200 (dist. liquidus) that 10 
is ll50°C + 200 = 1350°C liquidus temperature. The 
corresponding CE is: 

fgg ><0.9= 1.8; 15 

thus, the CE corresponding to the liquidus temperature 
of 1350° is z 4.30 minus 1.8 = 2.5. 20 
For plotting the curve A = l which is not shown on 

the graph, the formula dist. liquidus = A X ac% is used. 
For 100% steel one gets: A = 1 X 100 = 100; it suffices 
to mark 100 mm starting from the abscissa. 
Now marking on this straight line the ordinate corre 

sponding to 55%, the corresponding values of liquidus 
temperature and CE are calculated; the formula yields: 
dist. liq. = 55% X 1 = 55. The liquidus temperature is 
1150°C at the origin + 55 (dist. liq.) = 1205°C; the 
equivalent of carbon for this liquidus temperature 
1205°C is: 
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At 1150°C, the CE is 4.3; at 1205°C, the CE is there— 
fore 4.3 —— 4.95 = 3.805. Therefore, a coef?cient A at 
the liquidus temperature of 1205°C with a charge of 
55% steel corresponds to a carbon equivalent for an 
eutectic carbon equivalent of 4.3. 
There will now be checked the curve A for A = 1.3 

which corresponds to a melt balanced in steel and a 
production P of 4.7 D”, i.e., 4.7 MT for a cupola 1 
meter in diameter (or a production of 2.35 MT for a 
cupola 71 meters in diameter, or D2 = 0.5): 

in effect, P = 4.7 X 0.5 D2 = 2.35MT 
Along this curve A, at the coefficient A = 1.3 for 

100% steel the distance read is: 
liq. dist. = A X ac% = 1.30 X 100=130 

Therefore, liquidus temperature for 100% steel = 
1150°C + 130°= 1280°C. 
The corresponding carbon equivalent is: 
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at 1280°C the carbon equivalent is 4.3 — 1.17 = 3.13 
If the liquidus temperature is wanted which corre 

sponds to 55% steel in the charges for A = 1.3: 
liquidus distance = 1.3 X 55 = 71.5 
liquidus temperature = 1150° + 71.5 = 1221.5, 
rounded up to 1222°C. 

The CE corresponding to a liquidus temperature of 65 
1222°C is: 

60 

71.5 
CE= 

10 
CE at 1222°C = 4.3 — 0.643 = 3.657 

For the curve A2, A2 = 1.5 which corresponds to a 
production P of 5.6 D2 or 5.6MT for a cupola 1 meter 
in diameter (2.8MT for a cupola 0.71 meters in diame 
ter) at 100% steel; dist.liq. = 1.5 X 100 = 150 T.liq. = 
1150° + 542° =.1300°C 

.150 ' 

4.30 — 1.35 = 2.95 

For 55% steel one obtains: 
dist. liq. = A = 1.5 X 55 = 82.5 
T.liq. = 1150° + 82.5 = 1232.5°C. or 1233°C when 
rounded up. 

dist.lig _ 82.5 __ 

CE— l'(')_0—><0.9— W-X 0.9— .74 

CE at liquidus 1233° = 4.3 — 0.742 = 3.558 

For the curve A3, A = 1.7 which represents a cupola 
operating at a coefficient of production of 6 D2. 
The ordinate corresponding to 100% is always calcu 

lated from the relationship dist.liq. = A X ac%, or 
1.7 x 100 = 170 dist.liq. 

the corresponding T.liq. = 1 150 + 170 = 1320°C 

170 
vX 0.9= 1.53; CE: 100 

the CE at a liquidus 1320°C will be: 4.3 — 1.53 = 2.77. 

On the same curve, when using 55% steel, the liqui 
dus temperature for the charge is: 

1.7 X 55 = 93.5°C 
T.liq. = 1150°C +93.5 =1243.5°C, or 1244°C when 

rounded up. 

93.5 
100 CE= X0.9=0.841. 

CE at a 1244°C liquidus = 4.30 — 0.841 = 3.46. 

The tensile strength will be calculated for this cast 
iron assuming the value of the cast iron B (basis cast) 
has a tensile strength equal to 16 kg/mm2 for a test 
piece having a diameter d; = 30mm. This value is mea 
sured at the eutectic carbon equivalent of 4.3. The 
tensile strength is expressed by the equation RT = ax + 
b. 
The tensile strength curve RT (FIG. 1 curves) 1' is 

plotted taking as the origin the values of B (RT of the 
basic cast iron at the eutectic) = 16 kg/mm2 for the 
curve CE = 4.30 at the eutectic of 1150°C and B = 20 
kg/mm2 for the curve 11' at the eutectic carbon equiva 
lent of 4.40. Each drop of 0.10 in carbon equivalent 
increases the tensile strength 3.16 kg/mmz; one degree 
C of the liquidus temperature therefore increases the 
tensile‘ strength by 0.316 kg/mmz. 
FIG. 1 was obtained by a series of ‘carefully effected 

meltings. By taking the point 1205°C on the curve of 
4.30 CE in FIG. 1, the distance is 1205 — 1150 = 55, it 
is simply necessary to multiply 0.316 kg by 55 which 
equals 17.38 kg/mm2 and add this result to the basis 
value B = 16, which gives: 17 +16 = 33.38 kg/mm2 if 
melting occurred along the curve eutectic CE = 4.40, 
the following is obtained: 
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17.38 = 20 = 37.38 kg/mm2 

For the cast iron manufactured at a liquidus tempera 
ture of 1244°C, x=dist liq=1244—-1150=94°C. The 
value of a is 0.316 kg, ax=94X0.316=29.70 kg/mm2. 

ax+B=29.7 kg+ 16:45.7 kg. 
The linear equation for the tensile strength is therefore 
RT = 0.316 (liquidus distance) + B. 
The value of B is similarly calculated for an iron cast 

at the liquidus temperature of 123 3° and manufactured 
with 55% steel, whereby the cupola operates with a 
coef?cient A = 1.5; the test piece has a tensile strength 
of 42.1 kglmmzz 

calculation of the liquidus distance = 1233 — 1150 = 

83°C. 
value of the tensile strength obtained by the liquidus 

distance 0.315 kg X 83 = 26.14 kglmmz; 
the value of B at the eutectic is: 
B = RT — ax, or 42.30 - 26.14 = 15.96 kg/mm2 (B= 

16kg/mm2 rounded). . 
It is therefore seen that the curves of FIGS. 1 and 2 

enable ?rst the calculation and then the control of all 
the elements of a melt, and therefore the moment at 
which the decarburisation of the recarburization is to 
be undertaken, and the determination of the liquidus 
temperature of the molten metal at the moment of 
tapping. 

It should be noted that the equations giving the car 
bon equivalent 

Tl' — 0 CE: (iq 115 100 )x 0.9 = C5,...» 

tensile strength RT = 0.315 (dist. liq) + B 
are independent of the particular foundry, which con 
?rms the general industrial nature of the method ac 
cording to the invention. 

It is to be added that the graph of FIG. 2 correlates 
four curves A1, A2, A3, A1 having the coefficients: 

A‘l = 1.3 for a production P of 4.7 D2 
A2 = 0.5 for a production P of 5.6 D2 

- A3 = 0.7 for a production P of 6 D2 
A‘ = 2.0 for a production P of 6.8 D2 
It should not be forgotten that according to conven 

tional methods the production P in D2 is an adjustment 
left up to the cupola founder who controls the cupola 
by feeding more or less combustion-supporting air. If 
he “feels" that the melting is not rapid enough, he goes 
from 5.6 to 6 D2 by increasing the flow rate of air, but 
he does actually not know the liquidus temperatures of 
the molten metal, he only knows that in general his 
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cupola recarburizes about 2.8% the charges of steel ' 
and that if he increases production, the cupola recarbu 
rizes a little less, but it is impossible for the founder to 
draw conclusions concerning the various corrections 
(materials, cocke, melting rate, etc.) to be effected. 
Now, this becomes possible with the present method. 

If recarburization is undertaken, one must know that 
the melting rate P'D2 does not vary; assuming the cu 
pola is adjusted for a production P = 6 D2 with a coeffi 
cient A = 1.7, the production remains 6 D2 but the 
coefficient drops in proportion to the flow rate of 
recarburizer, i.e., from A = 1.7 to A = 1.6 and then to 
A = 1.5 which means that the carbon equivalent is 
going to increase in the same proportion. ' 
The carbon equivalent at 1150°C goes from 4.30 to 

4.40 and then to 4.50; according to this rule, the values 
of B will increase successively from B = 16 to B = 18 
and then to B = 20. 
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If decarburization is proceeded, the operation is re 

versed, i.e., the coefficient is increased from A = 1.7 to 
A = 1.9 etc.; as the coefficient ax (see supra) increases 
in the same proportions, the carbon equivalent will 
decrease but the eutectic carbon equivalent will remain 
4.30. In short, it could be said that when the coef?cient 
A increases, it is as if the percentage of steel. in the 
charges were increased and when the coef?cient A 
decreases it is as if .the percentage of steel in the 
charges were decreased. 

It must also be noted that when the air is enriched in 
oxygen by 0.6% to 1.2% (i.e., the percentage of oxygen 
goes from 21 to 23.5%) the production P is increased 
from 1.9 D2 for 1.2% oxygen, and it is possible to oper 
ate above the critical level of 6.8 D2, and without diffi 
culty up to 8.7 D2. Then, the liquidus temperatures are 
calculated on the curve A = 2 if the same proportion of 
fuel is maintained between the charges as for the melt 
ing at 6.8 D2. 
The preparatory step — which is the re?ning of the 

materials — therefore enables subsequent melting with 
complete certainty, a pratically immediate effective 
ness of the corrections which corresponds to savings in 
time and great economy by the consistency of the qual 
ity and the substantially total elimination of rejects. 
Generally, it is advantageous to proceed in the fol 

lowing manner: 
At the beginning of melting, in case that the optimum 

liquidus temperature must be maintained at 1217°C, 
the blast air is therefore enriched with ozone (7 to 
10%) while also injecting at the tuyeres, for example, a 
mixture of fluorobenzene, chloronitrobenzene and iso 
propyl etheroxide. It is found that after a quarter of an 
hour to a half-hour the liquidus temperature reaches 
the optimum temperature of 1217°C. The production 
of ozone is then stopped while carrying on the re?ning. 
If the liquidus temperature starts to rise, recarburiza 
tion is brought into play by using, for example, a tar 
diluted in chlorobenzene and ?uorobenzene. The 
amounts of recarburizer to be injected will be 2 to 4 
liters per metric ton of metal in order to avoid coking at 
the injector. 
As soon as the optimum temperature is reached, the 

recarburization is stopped and if, following a corrective 
charge “false charge” for re-establishing the equilib 
rium in the heights of the layers, the liquidus tempera 
ture falls once again, the feeding of ozone is started 
again. 
The metal manufactured by this method has astonish 

ing foundry and physical properties. The metal be 
comes very sensitive to inoculation, 0.05% of an inocu 
lent increases its characteristics by 3 kg/mm2; with 
0.10% it gains 5 kglmmz. The metal keeps its fluidity in 
the ladle, even after one hour irrespective of its carbon 
equivalent. The ?nely divided graphite gives it excel 
lent friction properties. The perlite is very regular in 
parallel lamellae. The cementite is in bands narrower 
than the ferrite in the ratio of l to 2. Examined under 
an electron microscope the perlite observed in a jet 
piece having diameter of 30 and 300 practically main 
tains the same structure. Machining is effected in con 
siderably less time and with considerably less tool wear. 
The metal is more creep resistant than steel. Flame 
hardening gives it a Brinell hardness of more than 550; 
and, the hardened surface is rather insensitive to scal 
ing and shock. The resilience is 0.85 for east irons 
having a tensile strength of 35 kg/mm2; it encreases to 
more than 1.9 for cast irons having a tensile strength of 



3,928,022 
55-60 kglmmz. The shear strength is greater by 2 to 3 
kg up to a tensile strength 50 kglmmz, above 50 
kglmmz, the shear strength is the same as the tensile 
strength. 
The compressive strength is 5 times the tensile 

strength. A 10 mm hole drilled at 10 mm from the edge 
of a 60 mm bar resisted up to a pressure of 1000 bars. 
At a depth of 10 mm, the metal was absolutely freon 
tight and vacuum-tight. 
By way of example, the results of 12 melts will now 

be given in the attached table. Six melts were carried 
out with recarburization and ,six with decarburization. 

In order to appreciate in each of these two cases the 
role of the invention, three different test samplings 
were effected as follows: 

1. an untreated test piece which was not subjected to 
.re?ning or recarburization; 

2. a test piece which was only subjected to recarburi~ 
zation; this test piece was taken just before the 
refining was begun; and 

3. a test piece which was subjected to both re?ning 
and recarburization. 

The following table shows with respect to melts 1-6 
compared to the untreated test piece that with recarbu 
rization there is a total gain of carbon of 0.1 to 0.4%. 
The tensile strengths obtained are close to the sought 
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It will be noted that by comparing, for example, the 
values of total carbone for 80% steel that the recarburi 
zation is less effective than when there is no re?ning. 
With respect to the results after decarburization in 

combination with re?ning, it is likewise noted that the 
tensile strengths are increasing when one goes from the 
untreated test piece to the test piece merely decarbur 
ized and then to the decarburized and re?ned test 
piece. ‘The combination of decarburization and re?ning 
gives the best foundry properties. By comparing the 
melt 12' with the untreated test piece, it is seen that for 
the same percentage of steel and a same liquidus tem 
perature, the tensile strengths increase from 37 kg/mm2 
to 54.6 kg/mmz respectively. 

It must further be added and numerous test show, 
that the re?ning improves the sensitivity of the metals 
of classical inoculents. In this way, there is also substan 
tial increase in the tensile strength as well as reduction 
of the sensitivity relative to depth. 
The tests have shown that the liquidus curves are 

linear ones and that, according to the origin of the cast 
iron or to the nature of melting, difference CE are 
attained for a same T liquidus; therefore, it is clear that 
the eutectic concentration is a variable one, which 
explains the differences and divergencies above re 
ferred to. 

RECARBURIZATION REFINING AND UNTREATED RECARBURIZATION ONLY 
RECARBURIZATION 

Test Piece 
50% steel 80% steel 50% 80% 50% steel 80% steel 
1 . 2 3 4 5 6 steel steel 1' 2' 3' 4' 5' 6' 

desired tensile 
strength 30 36 38 40 43 47 30 40 30 36 38 40 43 47 
Tensile strength ‘ 

obtained 32 36.9 39.2 43.9 4.9 52.5 32 37 29.4 35.7 37.1 42.2 46 49.6 
(kglmmZ) 
Liquidus temperature 
desired 85 1205 1230 1240 1250 1260 1235 1260 1185 1205 1230 1240 1250 1260 
Liquidus temperature ' . i 

obtained°C 187 1208 1231 1244 1253 1262 1220 1265 1180 1201 1228 1235 1247 1254 
Carbone equivalent 4.10 4.03 3.78 3.64 3.60 3.51 3.67 3.26 4.13 3.95 3.68 3.63 3.56 3.45 
Total carbone 3.20 3.00 2.95 2.94 2.90 2.91 2.85 2.72 3.33 3.15 2.88 2.83 2.66 2.55 

DECARBURIZATION DECARBURlZATlON AND UNTREATED DECARBURIZATION ONLY. 
REFINING 

Test Piece 
50% steel 80% steel 50% 80% 50% steel 80% steel 

7 8 9 10 11 12 steel steel 7' 8’ 9' 10' 11' 12' 

desired tensile strength 30 36 38 40 43 47 30 40 30 36 38 40 43 47 
tensile strength obtained 33.6 38 44 49.3 51.8 54.6 32 37 30 34 40 43.3 46.5 49.2 
(kg/mmZ) ‘ ‘ 

Liquidus temperature ‘ . ‘ 

desired 1185 1205 1230 1240 1250 1260 1235 1260 1185 1205 1230 1240 1250 1260 
Liquidus temperature 
obtained°C 1190 1208 1233 1246 1253 1265 1220 1265 1187 1205 1231 1243 1251 1262 
Carbone equivalent 400 3.98 3.81 3.65 3.61 3.48 3.67 3.26 4.09 3.90 3.77 3.57 3.50 3.40 
Total carbone 3.10 2.95 2.90 2.75 2.76 2.68 3.20 2.80 3.24 3.05 2.97 2.72 2.70 2.55 

after tensile strengths. it was found that for substan 
tially equal liquidus temperatures, the tensile strength 
has lsubstantially increased for the same percentage of 
stee . 

if the effect of refining is sought, by comparing the 
results of the test pieces l-6 with the test pieces 1'—6’, 
it is seen that the refining usually increases the tensile 
strength by 2-4 kg/mmz. The foundry properties are 
always improved when re?ning is carried out simulta 
neously with recarburization. 
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What we claim is: 
1. A method of producing cast irons having predeter 

mined properties from heterogeneous raw materials by 
melting said raw materials with corrective additives, 
comprising the steps of charging a furnace with alter 
nate layers of fuel and raw materials, starting the opera 
tion of the furnace, continuously introducing ozone 
into the furnace as well as at least one compound liber 
ating nitrogen and a halogen at the melting tempera 
ture of the raw materials, determining melting curves 
corresponding to different liquidus temperatures for a 
select range of raw materials as a function of the eutec 
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tic temperature by introducing different amounts of 
one constituent of the raw materials for a given temper 
ature and plotting a diagram thereof, determining from 
this diagram the amount of said one of the raw materi 
als to be added to any mixture of available raw materi 
als for a given carbon equivalent in view of obtaining 
the optimum liquidus temperature corresponding‘ to 
said mixture and the corresponding tensile strength, 
continuing the melting as a function of the desired 
relationship of carbon equivalent, eutectic tempera 
ture, amounts of said one of the raw materials to be 
added and tensile strength, thereby directly maintain 
ing the optimum temperature for the desired produc 
tion. 

2. A method according to claim 1, in which the com 
pound liberating nitrogen and the compound liberating 
halogen is in ?uid form and is introduced into the fur 
nace with combustion~supporting air. 

3. A method according to claim 1, in which a sepa 
rate nitrogen-liberating compound and a separate halo 
gen-liberating compound are provided. 

4. A method according to claim 3, in which the nitro 
gen-liberating compound is a member of the group 
consisting of hydrogenated nitrogen compound, includ 
ing ammonia and hydrazines, and organic nitrogenousv 
compounds, including nitrobenzene and organic ni 
trated derivatives. 

5. A method according to claim 3, in which the halo 
gen-liberating compound also liberates oxygen at the 
melting temperature. 

6. A method according to claim 3, in which the halo 
gen-liberating compound is a solvent of the group con 
sisting of products of distillation of coal, wood and 
natural resins. 

7. A method according to claim 6, in which the halo 
gen-liberating compound is at least one member of the 
group consisting of methyl chloride, chlorobenzene 
and fluorobenzene. ‘ 

8. A method according to claim 1, in which the com 
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pound liberating nitrogen and the halogen is an organic - 
monochlorated nitrated derivative. 

9. A method according to claim 1, further compris 
ing, for obtaining a ferrous alloy in which the carbon 
content is greater than the sum of the carbon content of 
the raw materials charged in the furnace, introducing a 
compound derived from the products of distillation of 
plant origin of the group consisting of coal, wood and 
natural resins. 

10. A method according to claim 1, further compris 
ing, for obtaining a ferrous alloy in which the carbon 
content is less than the sum of the carbon content of 
the raw materials charged in the furnace, introducing 
into the melt an oxygenated compound liberating oxy 
gen at the melting temperature. 
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11. A method according to claim 1, in which at least 

one of the ‘compounds liberating oxygen and the halo 
gen is in solution in a solvent avoiding coking during ' 
injection. 

12. A method according to claim 11, in which the 
solvent is a chlorated compound liberating chlorine at 
the melting temperature. 

13. A method/‘according to claim 11, in which the 
solvent is a member of the group consisting of cyclo 
hexane, toluol and xylol for compounds derived from 
the distillation of wood and coal. 

14. A method accordingto claim 9, in which the 
compound is a coal or wood‘tar selected from light, 
medium and heavy oils. 

15. A method according to claim 9, in which the 
natural resins are atleast one member of the group 
consisting of pine resins and colophanes. ' 

16. A method according to claim 1, in which the 
oxygen-liberating compound is ozone. 

17. A method according to claim 16 further compris 
ing adding a compound for slowing the decomposition 
of ozone. 

18. A method according to claim 16, in which the aid 
slowing compound is a member of the group consisting 
of ether oxide and turpentine. . 

19. A method according to claim 10, in which the 
oxygenated compound is an oxygenated salt capable of 
liberating at least one of chlorine and fluorine at the 
melting temperature. 
20. A method according to claim 1, which comprises, 

for raw materials containing substantial amounts of 
copper, adding at least one of calcium and sodium 
acetate, in amounts equal to l0% of the fluxes con 
tained in the charges. 

21. A method according to claim 1, in which the 
furnace is a cupola, the fuel is coke, and said one of the 
raw materials is steel. 

22. A method according to claim 1, in which for 
given furnace and charges, plotting the straight lines of 
vtensile strength as a function of carbon equivalent and 
carbon equivalent as a function of the liquidus temper 
ature; and wherein 

liquidus distance / - 

coef?mem ‘4 _ percentage steel 

eutectic temperature — 
liquidus temperature 

100 x 0.90 carbon equivalent = 

tensile strength = 0.315 (liquidus distance) + B 
where B is the basis strength,. and 

further comprising controlling the melting according to 
the graph corresponding to a given eutectic point. 
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