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PROCESS FOR HEAT-TREATING ELECTROMAGNETIC 
STEEL SHEETS HAVING A HIGH MAGNETIC 

INDUCTION 
This invention relates to a method for producing single 

oriented electromagnetic steel sheets having an easy mag 
netization axis <l00> in the rolling direction of the steel 
sheet. 

Single-oriented steel sheets which are soft magnetic materi 
als are used mostly as iron cores for transformers and other 
electric devices. Therein magnetic characteristics, excitation 
characteristics and core loss values must be favorable. 
The present inventors use the magnetic induction Bm 

(gausses) generated in the iron core at the intensity Hm 
(oersted) of the magnetic ?eld as a value for expressing the 
excitation characteristics, and the core loss W 15/50 (W/kg.) 
at 50 cycles and an alternating current magnetic induction of 
15,000 gausses as a value for expressing the core, that is, an 
energy loss lost from the iron core when a prescribed altemat 
ing current magnetic induction is given to the iron core. 

Recently, it has become an important problem to make the 
size of electric devices such as transformers small and to this 
end a reduction in the weight of the core is required. In 
general, in order to be able to reduce the weight of the core to 
be used for electric devices steel sheet, wherein the magnetic 
induction is high, must be used. Thus, a steel sheet having a 
favorable magnetization characteristics, that is, a steel sheet 
having high B“, characteristics, is needed, and a greater im 
portance is attached to a steel sheet having a high saturated 
magnetic induction 13,. Further, it is noted that when using 
that portion of a steel sheet, wherein the magnetic induction is ‘ 
high, the core loss value generally increases, and as compared 
with a material having low Bu, characteristics a steel sheet hav 
ing B“, characteristics has a much lower core loss in the region 
of high magnetic induction, and moreover the increase in the 
core loss is at a lower rate as the magnetic induction rises. 
Taking all these points together, it can be seen that an im 

provement in magnetic ?ux density which must be provided if 
the capacity of the electric devices is to be increased, can in 
the ?rst instance be realized by the use of electromagnetic 
steel sheets having a very high magnetic induction. 
The present invention has for its object the supply of 

products which can meet the requirements described above. 
That is, according to the method of the present invention it is 
possible to produce electromagnetic steel sheets which are 
markedly superior to any conventional single-oriented silicon 
steel sheets with respect to the magnetic induction 1310 in the 
rolling direction, that is, steel sheets which have a magnetic in 
duction as high as at least 18,500 gausses, and even up to 
20,100 gausses. This indicates clearly that the magnetic induc 
tion of steel sheets of the present invention is far superior even 
to the highest value ever reported, that is Bw=l8,690 gausses 
disclosed in the U.S. Pat. No. 2,867,557 and Bw=l9,l00 to 
18,000 gausses in US. Pat. No. 3,287,183, both granted to the 
present inventors. I _ 

Further, the present inventors have discovered the follow 
ing new fact in regard to the production of single-oriented 
electromagnetic steel sheets which have a low Si content or no 
Si content in order to improve B,, that is, B, is a physical pro 
perty which is a determined by the chemical composition of an 
alloy steel and can not be influenced by treating conditions. 
Particularly, the Si content has a great influence on B,. For in 
stance, when Si is 0 percent, B, is about 21,600 gausses, and 
when Si is 1 percent, B, is about 21,300 gausses, when Si is 2 
percent, B, is about 20,800 gausses and when Si is 3 percent, 
B, is about 20,300 gausses. That is to say, the lower the Si con 
tent, the higher B,. However, heretofore, in conventional sil 
icon steel sheets the reduction in resistance and the deteriora 
tion of core loss values were due to the low content of Si. Even 
apart therefrom, it was not possible to obtain on an industrial 
scale steel sheets having crystals with a so-called {1l0}<l00 
>-orientation. Consequently single-oriented steel sheets could 
not be obtained and their high B, value could not be utilized. 
The present invention has succeeded in providing a method 
for manufacturing ideal single-oriented electromagnetic steel 
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2 
sheets with high magnetic induction, that is, a high B10 value, 
and moreover having a high B, value on account of the Si con 
tent being low, by producing secondary recrystallization 
grains having a very well selected {1 l0}<l00>-orientation, 
extending over a wide range of silicon content from 0 to 4 per 
cent. 

In the U.S. Pat. No. 2,1 13,537 there is disclosed a method 
for producing an oriented silicon steel sheet by subjecting a 
silicon steel material containing 3.5 percent Si, 0.] percent 
Mn and 0.1 percent Alto the following production steps, that 
is, the silicon steel material is hot-rolled and then annealed at 
1,000’ C. for 1 hour and then quenched, then subjected to a 
series of cold-rollings, thereby to reduce the steel sheet to the 
?nal gauge and ?nally is warm-rolled at 450° C. 

Further, in the US Pat. No. 3,151,005 is described a 
method for improving the core loss by annealing a hot-rolled 
silicon steel sheet containing at least 0.01 percent C at l,450° 
to 1,750" F. to effect the solid solution of C thereby and then 
quenching the steel sheet from this temperature ti)‘ lower than 
1 ,000" F. 
The treating method according to the present invention re 

lates to a method for producing single-oriented silicon steel 
sheet having a high magnetic induction, in which a normal 
steel material or silicon steel material which contains C and Al 
as indispensable elements is produced according to known 
steelmaking methods, melting methods and casting methods 
which are used as normal industrial techniques, the thus ob 
tained steel material is hot-rolled and then subjected to an an 
nealing process and cold-rolling process one time or more 
than one time respectively to reach the ?nal gauge, the thus 
obtained product is decarburized and then subjected to a final 
annealing to generate secondary recrystallization grains hav 
ing a {1l0}<l00>-orientation in the steel material. The 
present invention modi?es this conventional method in that 
the ?nal cold-rolling is carried out at a reduction rate of 65 to 
95 percent depending upon the Si content and an intermediate 
annealing, preferably an annealing immediately before the 
?nal cold-rolling, is carried out in such a temperature range, 
that is, in the range of 750° to l,200° C., that 'y-transformation 
can occur at least in a part of the steel material, that is, in the 
range of 750° to 1,200’ C., and thereupon the quenching is 
carried out from this temperature range, in which the transfor 
mation of 'y to a has been completed, to a temperature below 
the said range, that is, to a temperature below the range from 
750° to 950° C. according to the Si content so as to cause AlN 
of preferred size to precipitate in the steel sheet, so that after 
the ?nal annealing the magnetic induction B“, in the said 
rolling direction may well be at a high level, that is, at least 
18,500 gausses and at a maximum 20,100 gausses. 
The present inventors have already reported in US. Pat. 

No. 3,287,183 that a single-oriented silicon steel sheet having 
a high magnetic induction can be obtained from a silicon steel 
ingot having 2.5 to 4 percent Si and which contains C and Al 
as a starting material. By adding a new idea to this process, 
however, they have now succeeded in greatly improving the 
characteristics of the product and at the same time in produc 
ing a single-oriented silicon steel sheet having a high magnetic 
induction from a steel sheet having no silicon or a low silicon 
content, which has heretofore never been reported. 
An object of the present invention is to provide a method 

for producing a single-oriented silicon steel sheet having a 
high magnetic induction. 
Another object of the present invention is to provide a 

method for producing a single-oriented silicon steel sheet hav 
ing a high magnetic induction from a steel sheet having no sil 
icon or a low silicon content 
A further object of the present invention is to provide a 

chemical composition most suitable for producing a single 
oriented silicon steel sheet having a high magnetic induction 
from a steel sheet having no silicon content or a low silicon 
content. 7, 

The contents of the present invention will be made clear by 
reference to the following explanation and attached drawings. 
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FIG. 1 is a graph showing a comparison of the excitation 
characteristics of products of the present invention with those 
of known products on the market. 

FIG. 2 is a graph showing a comparison of the core loss 
values of products of the present invention with those of 
known products on the market. 

FIG. 3 is a graph showing the relationship between the C 
acid-soluble Al values of products of the present invention and 
the excitation characteristics. 

FIG. 4 is a graph showing the relationship between the cool 
' ing rate after the annealing according to the present invention 
vand the excitation characteristics. 

' The normal steel or silicon steel material which is a starting 
material in the present invention is an ingot made by solidify 
ing by any casting method a molten steel made by a steelmak 
ing method which is already known such, as, for example, by 
an open-hearth furnace, electric furnace or converter or 
melted by a known melting method such as, for example, by a 
high-frequency electric furnace or vacuum-melting furnace. A 
slablike ingot obtained by a continuous casting method, which 
recently has come into wide use, can also be used as a material 
in the present invention. The atmosphere in the case casting is 
usually air but may be vacuum or of an inert gas as well. 
As described above, the material of the present invention 

can be made by any steelmaking, melting and casting 
methods. But the composition of the material must satisfy the 
following conditions, irrespective of the methods for produc 
ing the same, that is, steelmaking, melting or casting methods. 
C less than 0.085 percent 
Si 0 percent to 4.0 percent 
Al 0.010 to 0.065 percent 

Al, means an acid-soluble A1, which, however, will be 
hereihafter referred to simply as Al. The rest is Fe and una 
voidable impurities. It is necessary that C in the above-men 
tioned material should be present in an amount sufficient to 
produce a -y-transformation at least in apart of the steel in 
response to the Si content. According to our experiences, C in 
a steel ingot must be at least 0.025 percent where Si is 3 per 
cent but may be about 0.005 percent in case Si is 0 percent. As 
regards the added elements, the inventors have the following 
view. Generally, in the production of a single-oriented elec 
tromagnetic steel sheet, because a secondary recrystallization 
in the {l 10}<l00> direction occurs inthe ?nal annealing, a 
selected direction will be obtained. However, in a case, such 
precipitate produced by the slight added amount of a material 
such as, for example, nitride, sulfide or oxide will play an im 
portant role. Such role has been considered to merely ?nely 
disperse and precipitate the precipitate so that the normal 
grain growth will be inhibited and the secondary recrystalliza 
tion will be accelerated. However, the present inventors have 
discovered that, besides ‘the above-mentioned role of the 
precipitate, a part of the precipitate which has been 
precipitated with a specific directional relation relative to the 
matrix further has the capacity of selectively growing crystal 
grains only in a speci?c direction, which strictly regulates the 
direction of the secondary recrystallized grains so that, as a 
result, a product having excellent Bw characteristics can be 
obtained. AlN which produces a satisfactory effect by the ad 
dition of Al at the time of the ?nal annealing in the present in 
vention is of the latter type, thus the fonnation of AlN of such 
a type forms the basis of the present invention. In general, 
precipitates formed by the addition of other elements have not 
such an ability, but seem to have only the effect of restricting 
the growth of matrix crystal grains. However, the restricting 
effect of the general precipitates is also an important factor for 
effecting the secondary recrystallization. Therefore, the 
presence of precipitate-forming elements is permissible so far 
it does not hinder the formation of the said AlN. For instance, 
as is well known in the production of a single’oriented silicon 
steel sheet, S, Se and the like may be present in an amount of 
less than a maximum of 0.1 percent respectively. Further, ac 
cording to the knowledge of the present inventors Te may be 
included in an amount less than 0.20 percent. However, in the 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
present invention care must be taken unless such elements 
form precipitates like carbide. That is to say, it is necessary 
that Zr and Ti which are elements stronger than Al in affinity 
for N, would be added in proportion to the percent of N in the 
steel only after taking into consideration that AlN can be 
precipitated in a speci?ed amount after the annealing as 
described later. B, Ta, Nb, V, Cr, Mn, W and Mo are weaker 
than Al in their af?nity for N and therefore may be added in 
proper amounts already known in the productionyof single 
oriented silicon steel sheets. The allowable maximum values 
of the amounts of these precipitate-forming elements which 
can be added are 1 percent for V, Mn and M0, 0.5 percent for 
W and 0.1 percent for B, Zr, Ti, Nb, Ta and Cr. However, 
these are all only examples. It is not a deviation from the idea 
of the present invention to add precipitate-forming elements 
in order to produce precipitates for the acceleration of the 
secondary recrystallization within the range in which the for 
mation of AlN which is the basis of the present invention is not 
obstructed. ’ 

The reasons for specifying the composition of the ingot in 
the present invention are explained in the following. A silicon 
steel ingot, which contained about 1.8 percent Si and in which 
the contents of C and Al varied, was hot-rolled to a steelsheet 
about 2.0 mm. thick. The sheet was at ?rst annealed in N2 at 
1,050" C. for 2 minutes and then sprayed with atomized water 
drops. After the steel sheet was cooled down to a room tem 
perature in about 50 seconds, it was cold-rolled to a steel sheet 
0.35 mm. thick. The thus cold-rolled steel sheet was decarbu 
rized at 800° C. and was ?nally subjected to a box-annealin g at 
1,050‘ C. for 15 hours. FIG. 3 shows the relationship between 
the magnetic, induction Blo of the thus obtained product and 
the amounts of C and Al in the ingot. As is evident from this 
?gure, product according to the present invention in which 
the magnetic induction B10 in the rolling direction is higher 
than 18,500 gausses can be obtained when the contents of C 
and Al are in the ranges: 
C 0.015 to 0.085 percent 
Al 0.010 to 0.065 percent 
Further, it became evident from the results of the same ex 

periments in which the Si content was, however, varied so or 
to be 0 percent, 1 percent and 3 percent that the amount of Al 
necessary for obtaining a product having a magnetic induction 
B“, of more than 18,500 gausses was the same in all cases of 
different Si contents, but the amount of C should be less than 
0.085 percent respectively or in a range of 0.025 percent to 
0.085 percent. ‘This corresponds to the amount of C required 
for effecting the 'y-transformation at least in a part of the steel 
sheet at the time of annealing before the ?nal cold-rolling, as 
will be hereinafter described. 

Si is kept less than 4 percent. The present invention has it as 
an object to improve the B10 characteristic and B, charac 
teristic. Therefore, there is no lower limit. 

Next, a method for producing a desirable AlN, which forms 
the basis of the present invention, will be explained. The 
present inventors have already explained in U.S. Pat. , No. 
3,287,183 that it was necessary to precipitate AlN having a 
precipitate size such that it was able to produce secondary 
recrystallization grains in the steel before the ?nal cold 
rolling, and as one of the operating conditions for achieving 
the said object the annealing immediately prior to the ?nal 
cold-rolling should be carried out within a temperature range 
of 950° to 1,200’ C. for 30 seconds to 30 minutes when the Si 
content was 2.5 to 3.5 percent. In this case the C content in 
the steel before the said annealing was said to be in a range of 
0.020 to 0.080 percent. In the present invention, the principal 
object of which is to obtain a single-oriented silicon steel sheet 
having a low Si content there are some variations in the said 
operating conditions according to the Si content. For instance, 
the annealing should be carried out in the temperature range 
of 850° to 1,200° C. when the Si content is l to 2.5 percent 
and in the temperature range of 750° to l,200° C. when the Si 
content is less than 1 percent. However, in the present inven 
tion substantially the same annealing conditions as those 
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above mentioned are also required, although there can be 
some variations in the temperature range depending on the Si 
content as above mentioned. The annealing time can be in the 
range of 30 seconds to 30 minutes for any Si content. In any 
case the annealing time and the temperature range are such so 
as to be able to effect‘ the 'y-transformation at least in a part of 
the steel sheet according to the Si content. After the annealing 
immediately prior to the ?nal cold-rolling has been carried out 
under the operating conditions as above mentioned, the steel 
sheet is cooled down to a desired temperature and thereupon 
quenched by using any adequate arti?cial means. 

FIG. 4 shows relationship between the magnetic induction 
B“, of a product and the cooling rate when the product is 
produced from a silicon steel ingot containing 2.2 percent Si, 
0.045 percent C and 0.025 percent Al by the following steps, 
that is, blooming and hot-rolling the said steel ingot to a hot 
rolled steel sheet 2.3 mm. thick, then annealing the hot-rolled 
steel sheet in nitrogen for 2 minutes at each temperature as 
shown in FIG. 4 and thereafter gradually cooling the annealed 
steel sheet down to 850° C. at a certain cooling rate and 
thereafter cooling the steel sheet to temperature below 850° 
C. at various cooling rates as shown by 10 different cooling 
curves in FIG. 4. From this ?gure the following facts have 
been ascertained. When the annealing temperature was 800° 
C. or 700° C., and the cooling was carried out from the said 
temperature along the said cooling curves respectively, the 
higher the annealing temperature, the better the B10 value on 
the whole, although there is a peak in the B10 value, and that 
the greater the cooling rate in the temperature range below 
850° C., the better the B“, value. When the annealing tempera 
ture is higher than 850° C., the cooling from the annealing 
temperature to 850° C., may be carried out at any cooling 
rate. If the annealing temperature is higher than l,200° C., the 
secondary recrystallization will not occur due to the ?nal an 
nealing. On the other hand, if the annealing temperature is as 
low as 800'’ C. or 700° C., the B10 value will not be in?uenced 
by the quenching treatment, resulting in a low absolute value 
lower than 18,500 gausses. Thus, in neither of the latter two 
cases can the product of the present invention be obtained. 
From the results of similar experiments made by the present 
inventors on tests pieces having various Si contents the follow 
ing conclusions have been obtained about the AlN-precipitat 
ing annealing prior to the ?nal cold-rolling. 
C should be adjusted to be below 0.080 percent so that a 7 

transformation will occur in at least a part of the steel sheet 
due to the presence of Si in carrying out the annealing prior to 
the ?nal cold-rolling. 

In summary: 
when there is 0 to 1 percent Si, there should be less than 

0.080 percent C (a steel ingot of less than 0.085 percent C); 
where there is 1 to 2.5 percent Si, there should be 0.010 to 

0.080 percent C (a steel ingot of0.0l5 to 0.085 percent C); 
where there is 2.5 to 4.0 percent Si, there should be 0.020 to 

0.080 percent C (a steel ingot of 0.025 to 0.085 percent C). 
l. The C in the steel ingot is 0.005 percent higher than be 

fore the annealing prior to the ?nal cold-rolling, because the 
amount decarburized during the ordinary hot-rolling is taken 
into consideration. Essentially the C content in the steel sheet 
is important in carrying out the annealing prior to the ?nal 
cold-rolling. When reaching the ?nal sheet thickness by a one 
time cold—rolling method the C content of the steel sheet at the 
time of carrying out the annealing can easily be caused to be in 
the speci?ed range as above mentioned, because the said an 
nealing is carried out after the hot-rolling. However, when car 
rying out a multistage cold-rolling method, as will be 
described hereinafter, it must be taken into consideration that 
decarburization may occur, as intermediate annealings are 
carried out a plurality of times. Also in this case the C content 
of the steel sheet at the time of carrying out the annealing 
prior to the ?nal cold-rolling must be regulated so as to be 
within the speci?ed range as above mentioned. 

2. The annealing temperature is in the range of 750° to 
l,200° C. in which a -y-_transformation will occur because of 

10 

25 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
the Si content. In summary the annealing temperature should 
be: 

750° to l,200° C. where there is less than 1 percent Si 
850° to l,200° C. where there is l to 2.5 percent Si 
960° to l,200° C. where there is 2.5 to 4.0 percent Si 

The annealing time in this temperature range is 30 seconds to 
30 minutes. 
When the annealing time exceeds 30 minutes, the growth of 

crystal grains will occur during the annealing and the develop 
ment of the secondary recrystal grains in the ?nal annealing 
will become imperfect. Therefore, it is not favorable. Further, 
because this annealing is generally carried out continuously, 
an annealing exceeding 30 minutes is industrially disad 
vantageous. On the other hand, with an annealing for less than 
30 seconds, the effect which is the object of the present inven 
tion can not be obtained. 

-3. The steel band, the annealing of which has been 
completed as above mentioned, is then subjected to a cooling 
which is, however, carried out at any cooling rate within a 
temperature range, in which 'y formed by the said annealing is 
transformed into a, that is, a range of 750° to l,200° C., 850° 
to l,200° C. or 950° to l,200° C. according to the Si content. 

4. Thereupon, the steel sheet, in which tit-transformation has 
been e?‘ected by the said cooling is quenched from the tem 
perature range of 750° to l,200° C., 850° to l,200° C. or 950° 
to l,200° C. according to the Si content to a temperature 
below 400° C. by using any adequate arti?cial means. The 
cooling time is in a range of 2 seconds to 200 seconds and it is 
desirable to cool in a shorter time where the Si content is high. 
in general, the higher the cooling rate, the better the B“, value 
irrespective of the Si content. However, according to experi 
ments made by the present inventors, at a cooling rate of 
shorter than 2 seconds the generation of the secondary 
recrystallization grains by the ?nal annealing is perfect, but 
the 8,0 value is deteriorated. Further, as regards the cooling 
from the temperature range of 750° to 950° C. down to 400° 
C. various cooling curves are possible, but in all cases the ef 
fect of the present invention can be obtained if the cooling 
rate at each moment is greater than an average cooling rate, 
that is, 

750° to 400° C./200 seconds (below 1 percent Si) 
850° to 400° C./200 seconds (1 to 2.5 percent Si) 
950° to 400° C./200 seconds (2.5 to 3.5 percent Si). 
Further, as regards the cooling from 400° C. to a lower tem 

perature there is no particular limitation in the present inven 
tion. Of course, it is also included in the scope of the present 
to use the cooling rate of the present invention for the final 
cooling. However, even when using such a cooling rate below 
400° C. there is perceived substantially no in?uence on the Blo 
value of the product. But, in a practical industrial process as a 
matter of course a steel sheet is always cooled down near 
room temperature on account of the steel sheet being pickled 
and cold-rolled after the annealing. Therefore, when carrying 
out a forced cooling by using any means as above mentioned, 
the steel sheet is usually cooled from the temperature range of 
750° to 950° C. according to the Si content down to near room 
temperature along a continuous curve. However, in the 
present invention, because quenching from the quenching 
commencing temperature such as 750° to 950° C. down to 
400° C. produces particularly striking effects of promoting the 
precipitation of desirable MN and in its turn improving the Bm 
value of product, the temperature limitations as above men 
tioned have been speci?ed in the present invention. 

5. It is an inevitable condition that AlN should be 
precipitated at least in an amount of 0.0005 percent (N as 
AlN) in the steel sheet after the annealing and cooling thereof 
have been completed. 

6. The annealing atmosphere is related to the precipitation 
of AlN required for the secondary recrystallization as already 
described. Usually the steel ingot obtained in an open-hearth 
furnace contains, more than 0.0040 percent N which is suffi 
cient to precipitate 0.0005 percent AlN (N as AlN). There 
fore, so long as no great denitrification occurs, the annealing 
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atmosphere can be a reducing or neutral atmosphere such as, 
for example, Hz, Ar, a gaseou's'mixture of them or air. How 
ever, where the ingot is obtained by vacuum melting or the 
like, the N content will be so small that it will be necessary to 
add nitrogen during annealing. The method of adding nitrogen 
is not critical but, in the present invention, it is recommended 
to carry out the annealing in a neutral or reducing gas contain~ 
ing at least 10 percent N, by volume. According to the opinion 
of the present inventors, for a precipitate which can selective 
ly grow secondary recrystallization grains having a very well 
regulated, though not complete, orientation during the ?nal 
annealing no precipitate is satisfactory other than AlN, as is 
mentioned at the beginning of the present speci?cation. And 
the crux of the present invention resides in causing AlN of 
adequate size to precipitate in the steel sheet before it is sub 
jected to the ?nal heavy cold-rolling. Further, in causinglthe 
said AIN to precipitate and controlling the grain size and the 
distribution thereof the composition of the steel sheet (C, Si 
and Al) has a close mutual relation with the temperature and 
time of annealing and the cooling rate through the medium of 
the y to a transformation. . 

In the present invention, the cold-rolling is carried out one 
or more times and the cold-rolling step can be carried out at a 
reduction rate of 65 to 95 percent depending on the Si content 
so that, the higher the Si content, the higher the reduction 
rate. By combining the AlN-precipitating annealing prior to 
the ?nal strong cold-rolling and the ?nal strong cold-rolling it 
is possible to obtain a product having a Blo value of more than 
18,500 gausses. 

' Any intermediate annealing to be carried out between 
multistage cold-rolling steps can be carried out at a tempera 
ture and for a time which are suf?cient to make the cold 
rolled structure a primary recrystallized structure and these 
conditions are not set forth in detail. Of course, it is also possi 
ble to utilize the above-mentioned AlN-precipitating anneal 
ing as an intermediate annealing. In the present invention, the 
number of times of the cold-rolling step is performed can be 
determined by the thickness of the hot-rolled sheet and the 
speci?ed ?nal cold-rolling reduction rate. However, from the 
industrial technical viewpoint, the hot-rolled sheet is usually 
1.5 to 7 mm. thick. 
The steel sheet having a sheet thickness after the, ?nal cold 

rolling is then subjected to a decarburizing annealing. This an 
nealing is to make the cold-rolled structure a primary recrystal 
structure and at the same time to remove C which is detrimen 
tal .for developing secondary recrystal grains in the {110} 
<l00> direction in the ?nal annealing. Any known process 
can be used for the decarburizing annealing. 
The ?nal annealing should be carried out at such tempera 

ture and for such a time that secon ary recrystal grains in the 
{llO}<l00> direction can develop well. It is preferable to 
develop the secondary recrystal grains in a temperature range 
wherein no y-transformation is produced due to the Si content 
and at a temperature as high as industrially possible, because 
the generation of 'y-transformation will change the once-ob 
tained secondary recrystal grains in the {110}<l00> 
direction so that they are in another direction. When Si is less 
than 1 percent, ?nal annealing should be carried out at 950° 
C. or usually at a temperature lower than this. However, the 
higher the Si content, the higher the temperature can be 
elevated. 
When Si is present in an amount more than 2 percent, a 

temperature higher than l,000° C. is possible. On the other 
hand, below 800° C., no secondary recrystallization will occur. 
Unless the temperature is made high, no product having an ex 
cellent core loss value can be obtained. Therefore, with a low 
Si content, the B", characteristic is excellent but the core loss 
is worse than with a high Si content. The annealing time is suf 
ficient if it is more than 1 hour, for the generation of seconda 
ry recrystal grains but must be more than 5 hours in order to 
obtain a product having a low core loss value where there is a 
high Si content. Further, no matter whether the atmosphere is 
neutral. reductive or so weakly oxidative that the steel sheet 
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8 
will not be greatly oxidized, a product having a B10 charac 
teristic of more than 18,500 gausses, which is the object of the 
present invention, can be obtained. However, in order to ob 
tain a low core loss value when there is a high Si content, it is 
preferable to carry out the annealing in H2. However, the 
speci?c time and atmosphere has nothing to do with the sub 
stance of the present invention. 

EXAMPLE 1 

An al-killed steel ingot containing 0.050 percent C and 
0.041 percent Al was bloomed and hot~rolled to a hot-rolled 
steel sheet 2.2 mm. thick. After the steel sheet was annealed in 
N2 at 1,000° C. for 2 minutes, it was cooled in warm water hav 
ing a temperature of 100° C. The cooling rate was about 10 
seconds for the temperature descent from l,000° C. to 750° C. 
and about 25 seconds from 750°to 100° C. The content of AlN 
after the annealing was 0.0045 percent (N‘ as AIN). After 
pickling, the sheet was cold-rolled at a reduction rate of 77.3 
percent to make the thickness of the sheet 0.50 mm. The cold 
rolled sheet was then decarburized at 750° C. for 5 hours by an 
open coil system and thereafter ?nally annealed in H2 at 870° 
C. for 20 hours. 
The excitation ‘characteristics of the product were as fol 

lows: 

Bu =l9,950 gausses 
w,,,,,, =3.60 W/kg. 

EXAMPLE 2 

A silicon steel ingot containing 0.32 percent C, 1.05 percent 
Si and 0.036 percent Al was hot-rolled to a hot-rolled steel 
sheet 2.2 mm. thick. The content of C in the hot-rolled steel 
sheet was 0.030 percent. After the steel sheet was annealed in 
N: at l,050° C. for 2 minutes, it was cooled by slightly spraying 
N2 gas onto the both surfaces of the steel sheet. The cooling 
rate was about 13 seconds for the temperature descent from 
l,050° to 850° C. and about 70 seconds for that from 850° to 
400° C. The content of AlN after'this annealing was 0.0062 
percent (N as AlN). After pickling, the steel sheet was then 
cold-rolled at a reduction rate of 84.1 percent to a cold-rolled 
steel sheet 0.35 mm. thick. After the cold-rolled sheet was 
decarburized in wet H, at 800° C. for 3 minutes, it was ?nally 
annealed in H2 at 950° C. for 10 hours. 
The magnetic characteristics in the rolling direction of the 

product were as shown by FIG. 18, that is, 

3m =“19,700 gausses 
Wm» 1.85 W/kg. 

EXAMPLE 3 

A silicon steel sheet containing 0.043 percent C, 2.10 per 
cent Si and 0.036 percent Al was bloomed and hot-rolled to a 
hot-rolled steel sheet 3 mm. thick. The content of C of the hot 
rolled sheet was 0.041 percent, indicating that only a slight 
decarburization was effected. At ?rst, the hot-rolled steel 
sheet was cold-rolled at a reduction rate of 30 percent make 
the thickness of the sheet to 2.1 mm. Then, it was annealed in 
N, at 1,100" C. for 2 minutes, and thereafter cooled by blow 
ing a jet air steam against the sheet. The cooling rate was 
about 18 seconds for the temperature descent from l,l00° C. 
to 850° C. and about 27 seconds for that from 850° to 400° C. 
The content of AlN after this annealing was 0.0055 percent 
(N as AlN). Thereupon, the steel sheet was cold~rolled at a 
reduction rate of 83.3 percent to a cold-rolled steel sheet 0.35 
mm. thick. After the cold-rolled steel sheet was decarburized 
in wet H, at 800° C. for 3 minutes, it was annealed at 1,200° C. 
for 20 hours. The magnetic characteristics in the rolling 
direction of the product were as shown by FIG. 1C, that is: 

8“, -19,570 gaunes 
Wu,» , -i.is W/kg. 
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EXAMPLE 4 

A silicon steel ingot containing 0.045 percent C, 2.05 per 
cent Si and 0.020 percent Al was bloomed and hot-rolled to a 
hot-rolled steel sheet 2.3 mm. thick. The content of C of the 
hot-rolled steel sheet was 0.041 percent. After the hot-rolled 
steel sheet was annealed in N2 at 1,050’ C. for 2 minutes, it 
was cooled by slightly blowing N2 gas onto the steel sheet. The 
cooling rate was substantially the same as in example 2, and 
the content of AlN after this annealing was 0.0032 percent (N 
as AlN). Then, the steel sheet was cold-rolled at a reduction 
rate of 84.8 percent to a cold-rolled sheet 0.35 mm. thick. 
Thereafter, the cold-rolled steel sheet was decarburized in wet 
Hz at 800° C. for 3 minutes and then ?nally annealed at 1,200° 
C. for 20 hours. The magnetic characteristics in the rolling 
direction of the product were: 

=l 8,800 gausses 
=1.2$ W/kg. 

Bio 
Wis/so 

The B“, value of this example is inferior to that of example 
3, which is believed to be attributable to the smaller amount of 
Al in this example. 

EXAMPLE 5 

A silicon steel ingot containing 0.043 percent C, 2.96 per 
cent Si, 0.029 percent Al, 0.10 percent Mn and 0.029 percent 
S was bloomed and hot-rolled to a hot-rolled steel sheet 2.8 
mm. thick. The content’of C after the hot‘rolling was 0.040 
percent. After the hot-rolled steel band was continuously an 
nealed in N, at 1,l50° C. for 2 minutes, it was subjected to a 
slow cooling to 950° C. in the cooling zone of a furnace, which 
was followed by a quenching by spraying with high-pressure 
water. The cooling rate was about 20 seconds for the tempera 
ture descent from l,l50° to 950° C. and about 9 seconds for 
that from 950° to 20° C. The content of AlN after this anneal 
ing was 0.0040 percent (N as AlN). After pickling, the steel 
sheet was then cold-rolled at a reduction rate of 87.5 percent 
to bring the thickness of the sheet to the ?nal gauge of 0.35 
mm. After the cold-rolled steel sheet was continuously decar 
burized in wet H2 at 850° C. for 3 minutes, it was ?nally an 
nealed in H2 at 1,200° C. for 15 hours. The excitation charac 
teristics in the rolling direction of the product were as shown 
by FIG. ID, that is: 

indicating an excellent orientation and core loss value. FIG. 2 
shows the core loss characteristics of this example as com 
pared with those of a known commercial product, which is 
shown by FIG. 2B. 

EXAMPLE 6 

A silicon steel ingot containing 0.050 percent C, 3.15 per 
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30 
cent Si, 0.035 percent S and 0.021 percent Al, said ingot being 
prepared in an open-hearth furnace, was bloomed and hot 
rolled to a hot-rolled steel sheet 3.0 mm. thick. After the hot 
rolled steel sheet was maintained in a continuous annealing 
furnace having N2 atmosphere at 1,050’ C. for 1 minute, it was 
subjected to a forced cooling by using an Nz-gas-blowing 
device installed at the port of the furnace. After pickling, the 
steel was cold-rolled at a reduction rate of 51 percent to a 
cold-rolled sheet having an intermediate gauge as of 1.47 mm. 
Thereupon, the cold-rolled steel sheet was annealed at 800° C. 
for 1 minute to effect the primary recrystallization and then 
subjected to the final strong cold-rolling at a reduction rate of 
84.5 percent to a cold-rolled sheet having the ?nal gauge of 
0.228 mm. which was then continuously decarburized and 
finally annealed at l,200° C. for 20 hours. The magnetic 
characteristics in the rolling direction were as follows: 

BID =l 9,300 gausses 
Wis/so =‘0.72 W/ltg. 

We claim: 
1. In a process for producing a single-oriented electromag 

netic steel sheet having an excellent excitation characteristic 
and a high saturated magnetic induction in the rolling 
direction of the steel sheet, which process includes the steps 
of: subjecting a steel ingot containing 0 to 4.0 weight percent 
Si, less than 0.085 weight percent C and 0.010 to 0.065 weight 
percent acid-soluble Al to blooming and hot-rolling; subject 
ing the hot-rolled steel sheet to: (a) at least one annealing, said 
one annealing when it is the only annealing being an annealing 
for causing at least 0.0005 weight percent AlN (N as AlN) to 
precipitate before a ?nal cold-rolling, and when there is a plu 
rality of annealing treatments, one of the treatments being an 
annealing for causing at least 0.0005 weight percent AlN (N 
as AIN) to precipitate before a ?nal cold-rolling; and to (b) at 
least one cold-rolling, said one cold-rolling when it is the only 
cold-rolling and one of the cold-rollings when there is a plu 
rality of cold-rollings being a ?nal cold-rolling subsequent to 
said one annealing and being at a reduction rate of 65 to 95 
percent according to the Si content to reduce the thickness of 
the steel sheet to the ?nal gauge; and then subjecting the steel 
sheet to a decarburizing annealing and a ?nal ?nishing anneal 
ing at a temperature of at least 800° C.; the improvement com 
prising carrying out said one annealing before the ?nal cold 
rolling for precipitating MN for causing the 'y-transformation 
in a part of the steel sheet by heating the steel sheet to an an 
nealing temperature of from 750°—l ,200° C. when the Si con 
tent is up to 1 weight percent and the C content is up to 0.080 
weight percent, to a temperature of 850°-l ,200° C. when the 
Si content is from 1.0 to 2.5 weight percent and the C content 
is from 0.010 to 0.080 weight percent, and to a temperature of 
950°-l,200° C. when the Si content is from 2.5 to 4.0 weight 
percent and the C content is from 0.020 to 0.080 weight per 
cent, holding the sheet at the annealing temperature for a time 
of from 30 sec. to 30 min., and then quenching the annealed 
sheet to a temperature at least as low as 400° C. in a time of 
from 2 to 200 sec. 

?k * * * * 


