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ABSTRACT OF THE DISCLOSURE 
Method of elaborating metal sheets for magnetic appli 

cations and more particularly sheets having a single or 
double grain orientation, which consists in elaborating a 
carbon steel having a very low sulfur content, i.e. less than 
.005% and preferably less than .O03%, reheating this 
metal in a steelwork furnace and strongly oxidizing the 
metal in a controlled manner, while avoiding any resul 
fu-rization, recarburiz'ing the steel in the ladle and in 
vacuum to obtain very low carbon contents, preferably 
less than .005 % C, subsequently adding the necessary al 
loying elements, silicon and/or aluminium, homogenizing 
this addition by stirring, casting into ingot moulds, pref 
erably without ambient air contact, the extra-mild steel 
thus obtained, and ?nally rolling the resulting ingots to 
convert them into sheets having a single—or double grain 
structure orientation. 

This is va continuation of application 'Ser. No. 823,526, 
?led May -9, 1969, and now abandoned. 
The present invention is directed to a method of man 

ufacturing steel sheets for magnetic applications, and 
more particularly (110) [(001)] cubes-on-edge sheets 
and (100) [(001)] ?at-cube sheets. In this description, 
the grain orientation is de?ned by reference to Miller’s 
numbers. 

It is known that these grain orientations, very useful for 
all applications wherein the material is utilized as a 
magnetic circuit, are particularly di?icult to obtain. Vari 
ous methods have ‘already "been proposed to this end, but 
so far they either ‘gave irregular results or were abnor 
mally expensive to carry out. 
The various hitherto known methods of manufactur 

ing oriented-grain sheets comprise as a rule the step 
inserted at a predetermined phase of the manufacturing 
process-of decarburizing the sheets for example in a wet 
reducing atmosphere at about 800° C. during a few min 
utes, said manufacturing process comprising the elabora 
tion or making of the metal itself, and a sequence of hot 
and cold-rolling steps, the cold-rolling passes being sep 
arated from each other by suitable chemical and heat 
treatments. 
Another known process utilizes alloys derived from 

iron previously decarburized in the solid state, wherein 
the alloy is remelted in an electric arc furnace under slag 
in the presence of a silicon and/or aluminium additive. 
Now the applicants found and proved that it was more 

advantageous to start from a very low-carbon steel de 
carburized in the liquid state. 

In a prior application the applicants described a method 
of manufacturing steel sheets having an oriented grain 
structure, wherein an extra-mild steel is elaborated in a 
steelwork furnace, subsequently decarburized in the liq 
uid state in the ladle, in vacuum, before receiving the 
alloying elements (silicon and/or aluminium), then cast 
into ingot moulds, whereafter the resulting ingots are sub 
jected to a rolling and heat-treatment cycle differing ac 
cording as the desired end products are single-orientation 
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sheets of the cubes-on-edge type, i.e. with a (100) [(001)] 
orientation, or double-orientation sheets of the ?at-cube 
type, i.e. with a (100) [(001)] orientation. \ 

It is the essential object of the present invention to 
provide a method of producing sheets having a single or 
double orientation made from very low-carbon and very 
low-sulfur steel. 
The method according to this invention consists in pre 

paring a carbon steel having a very low sulfur content 
(<.005%, and preferably <.003% ), reheating the metal 
in a steelwork furnace and then strongly oxidize the steel 
in a controlled manner while preventing any re-sulfuriza 
tion thereof, and subsequently decarburizing the steel 
in the ladle and in vacuum until very low carbon contents, 
preferably inferior to .005 %, are obtained, then adding 
the necessary alloying elements (silicon and/or alumin 
ium), homogenizing this addition by stirring the molten 
mass either by injecting a neutral gas such as argon 
therein, or by using electromagnetic means, or any other 
suitable means, casting the extra-mild steel thus obtained 
into ingot moulds preferably under shelter from the sur 
rounding atmosphere, and ?nally rolling the resulting in 
gots to ‘convert same into sheets having a sin-gle- or double 
grain orientation. 
The very low sulfur content (<.005% and preferably 

<.003%) of the initial carbon steel may be obtained by 
resorting to any one of the following procedures: 

(1) By re?ning in the electric furnace under reducing 
slag a relatively carburized steel in order to obtain a car 
bon content of less than 300%, which may even be re 
duced to the extra-mild grade containing about 020% 
C, and a sulfur content inferior to 020%, this metal be 
ing subsequently cast with its reducing slag into a ?rst 
ladle, the entire molten mass being then transferred into 
another ladle in order properly to exhaust the de-sul 
furizing capacity of the reducing slag. Thus, the desired 
sulfur content, approximately 003%, is obtained. The 
steel is substantially cooled but this is not detrimental 
since it is not cast directly into ingot moulds; on the con 
trary, this steel is then reheated and oxidized in a steel 
Work furnace before being decarburized in vacuum. 

(2) By treating in the ladle by means of a desulfuriz 
ing basic and exothermic ?ux, a steel elaborated in the 
electric furnace or in an open hearth furnace and having 
a carbon content less than 300%, which may even be 
reduced to the extra-mild grade containing about 020% 
C, and a sulfur content of the order of .0l8%. The de 
sulfurization ?ux may consist for example of a mixture 
of lime, ?uor-spar, sodium ?uoride and metallic silicon 
(or ferro-silicon). Thus, after this treatment in the ladle 
the sulfur content drops from .018% to about .003%. 

(3) The steel is ?rstly elaborated in an oxygen con 
verter. The liquid cast-iron, before being introduced into 
the converter, is strongly desulfurized in the ladle, for 
example until the sulfur content has dropped to about 
.025%. The steel elaborated in the converter has a sul 
fur content of the order of .017%, provided of course that 
the lime itself has a su?iciently low sulfur content. The 
?nal desulfurization (to reduce the sulfur content to less 
than .005%) is subsequently carried out either by liquid 
reducing treatment as explained in paragraph (1) here 
inabove, or by stirring with a desulfurizing flux as set 
forth in paragraph (2) hereinabove. 

In any case the ?rst stirring step with a desulfurizing 
reducing slag in the ladle may be combined with another 
stirring step in another ladle by using a desulfurizing 
?ux. In this speci?c process the temperature of the steel 
issuing from the furnace or the converter must be high 
enough to undergo this double treatment without leav 
ing any deposit in the ladle bottom, so that it can subse 
quently be re-introduced integrally into the furnace for 
re-heating. 
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The sheet elaboration method according to this inven 

tion further comprises the following steps and features, 
which may be applied separately or in any desired com 
'bination: 

(a) The alloying elements are added not in the ladle 
but in a non-recarburizing electric furnace; 

(b) The alloying elements are added not in the ladle 
but in an induction furnace; 

(0) An electrode consisting of low-carbon, low-sulfur 
metal obtained as disclosed hereinabove but having re 
ceived little or none of the alloying elements, is remelted 
in a furnace of the type comprising an electrode consum 
able under the slag, the whole or the make-up fraction 
of the alloying elements being added either to the elec 
trode, which thus becomes a composite electrode, or 
more simply to the liquid fraction of the ingot; 

(d) In the case of the manufacture of sheets having a 
single-orientation grain structure,‘ of the cubes-on-edge 
type, i.e. with a (110) [(001)] orientation, the silicon 
content of the alloying elements ranges from 2 to 5%, 
and is preferably of the order of 3%, and the very low 
aluminium content is preferably less than 02%; 

(e) In the case of the manufacture of sheets having a 
double-orientation grain structure, of the ?at-cube type, 
i.e. with a (100) [(001)] orientation, the aluminium of 
the alloying elements ranges from 3 to 4.5%, and the 
silicon content is extremely low, or alternately the silicon 
content ranges from .8% to 2%, and is preferably close 
to 1.3%, the aluminium content ranging on the other 
hand from 1 to 2.5% and being preferably close to 1.7%. 

According to this invention the rolling cycle for con 
verting the resulting ingots into sheets having a double 
orientation grain structure comprises in succession a hot 
rolling step to reduce the thickness of the initial plate to 
about .4", a pickling step, a ?rst cold-rolling operation 
for reducing the thickness to the value of .12" to .16" 
and preferably to about Vs", followed by an intermediate 
recrystallization annealing at a temperature of 900° C. 
to l,050° C. and preferably about 1,000° C., in a dry 
hydrogen atmosphere, during a few hours, preferably 
during about one hour, then a second cold-rolling opera 
tion to reduce the thickness to a value of .035" to 1%.," 
and preferably of the order of .042", followed by an 
intermediate annealing at the same temperature as be 
fore, and still in a dry hydrogen atmosphere, but during 
only a few minutes, preferably during about 10 minutes, 
and ?nally a third cold-rolling step until the thickness is 
reduced to about .012" to .016", and preferably to about 
.0138", followed by a ?nal recrystallization annealing 
step at a temperature ranging from about 1,000° C. to 
about 1,100" O, and preferably of the order of 1,050° 0, 
still in dry hydrogen atmosphere, during a few hours and 
preferably during approximately 5 hours. 
A modi?cation of the above-disclosed method consists 

in hot-rolling the ingots to reduce the metal thickness to 
about .1575" to .2362", pickling the metal, performing a 
?rst cold-rolling operation to reduce its thickness to a 
value of about .0315" to .06" and preferably of the order 
of .042", the intermediate annealing step, the last cold 
rolling operation and the ?nal annealing step being per 
formed under the same conditions as before. 

In the foregoing the dry hydrogen atmosphere for the 
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annealing treatment is such that its dew point is less than 
-40° C. 
Another modi?cation of the method of this invention 

with a view to convert the ingots into sheets having an 
oriented grain structure consists in interposing an inter 
mediate treatment aiming at decarburizing the steel in 
the solid state either just after the hot-rolling operation 
and before the pickling step, or on the sheet cold-rolled 
to the ?nal desired thickness. This alternate form of 
embodiment is particularly advantageous when the de 
gree of decarburization of the steel in the liquid state, 
performed in vacuum, is not suf?cient. 

Finally, this invention is ‘also concerned, by way of 
new industrial products, with metal sheets for magnetic 
applications having a flat-cube grain structure according 
to the (100) [(001)] orientation, obtained by the method 
“disclosed hereinabove and characterized by an anisotropic 
'curve, recorded on the torsion balance, showing by way 
of non-limiting example, a higher maximum of about 
160,000 ergs/cubic centimeter and a lower maximum of 
about 150,000 ergs/ cubic centimeter. 
What is claimed is: 
1. A method of making steel for forming sheets hav 

ing magnetic uses, said sheets having a single- or double 
oriented grain structure comprising the steps of elaborat 
ing a steel having a carbon content of from 0.3% to 
about 0.02% and a sulfur content of about 0.018%, 
subsequently treating said steel in a ladle by means of a 
basic exothermic desulfurizing ?ux comprising a pow 
dered mixture of lime, ?uor-spar, sodium fluoride and 
metallic silicon or ferro-silicon in order to obtain a steel 
having a sulfur content of less than 0.003%, reheating 
the steel in a steelwork furnace and strongly oxidizing 
the metal while preventing any resulfurization thereof, 
subjecting the steel melt in a ladle to a vacuum until the 
carbon content is reduced to about 0.005%, adding alloy 
ing elements to the melt selected from the group con 
sisting of silicon, aluminum and mixtures thereof, homog 
enizing the mixture by stirring, casting the resulting 
extra-mild steel into ingot molds and rolling the ingots 
thus-obtained to sheets having a single- or double-grain 
orientation. 
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