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[57] ABSTRACT 
A process for the production of unalloyed electro 
technical steel strip of improved magnetic and me 
chanical properties, in which low carbon steel having 
not more than 0.10 percent carbon is hot-rolled to 
produce hot-rolled strip covered with hot-rolling scale. 
The scale is then covered with an inorganic hydroxide 
or carbonate and the strip is heated to 700° and 
950°C. for a time sufficient to reduce the carbon con 
tent to not more than 0.01 percent. The decarburized 
strip is pickled, cold rolled to its ?nal gauge, and then 
subjected to a special two-stage final heat treatment in 
the ?rst stage of which the temperature is 350° to . 
600°C, preferably 460° to 490°C, and in the second 
stage of which the temperature is 600° to 780°C., pref 
erably 680° to 760°C. ‘ 

2 Claims, No Drawings 
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TWO STAGE HEAT TREATMENT PROCESS FOR 
THE PRODUCTION OF UNALLOYED, 
COLD-ROLLED ELECTRICAL STEEL 

This invention relates to a process for the preparation 
of steel products having improved magnetic and me 
chanical properties, preferably of bands and sheets, 
wherein the hot-formed product is pickled, trans! 
formed to its ?nal dimensions in cold state, subjected 
to a final heat treatment, and optionally, prior to pick 
ling, the product covered with scales is subjected to 
heat treatment at a temperature between .700 °C and 
950 °C. 
As is known, the stators and cores respectively, of ‘ 

synchronous motors and direct-current motors of low 
or medium output are generally made of cold- or hot 
rolled electrotechnical steels containing silicon as al 
loying element. Sincein asynchronous motors up to an 
output of 10 kW and in DC motors up to an output of 
50 kW the energy loss occuring in the magnetically ac 
tive part is only about 8 to 15 per cent of the total en 
ergy loss, the application of alloyed electrotechnical 
steels in such motors is not very efficient. The use of 
unalloyed iron of higher induction is of far greater im 
portance; on the one hand this material is less expen 
sive than steel alloyed with silicon, and on the other 
hand its greater induction improves the technical pa 
rameters of these motors to a considerable extent. It is 
an important requirement that the unalloyed iron be 
magnetically isotropic, i.e., its magnetic behaviour be 
nearly the same in any direction. A further requirement 

‘is that the iron should not age magnetically, i.e., the 
magnetic properties (coercetive force, magnetic induc 
tion etc.) should not decrease upon operating the mo 
tors for a longer period. 
The preparation of unalloyed electrotechnical iron 

bands and sheets applied in the stator and core of elec 
tric motors still involves considerable technical difficul 
ties. 
Namely, the favourable magnetic properties of unal 

loyed electrotechnical steels can only be achieved if the 
amount of impurities, first of all that of carbon and oxy 
gen, is very low in the steel used in the production and, 
furthermore, a special rolling and heat-treating process 
is required in order to provide high induction and ac 
ceptably low iron loss. 
The production of the starting steel material of the 

known unalloyed electrotechnical steel bands requires 
special care since the oxygen and carbon content of the 
ingot should be kept simultaneously at the lowest possi 
ble level, although, due to the equilibrium conditions, 
low carbon content would involve higher oxygen con 
tent. In order to decrease the amount of inclusions, 
such steels are generally produced by a converter pro 
cess and, in order to improve their magnetic properties, 
generally some phosphorus and/0r manganese is added 
to the steel as alloying component. The steel ingot of 
proper composition is pre-heated and hot-rolled to a 
thickness of about 1.8 to 2.5 mm., thereafter it is picled 
and rolled to the final thickness (generally about 0.5 to ' 
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unalloyed iron band subjected to known heat treat 
ment, e.g. treated by 750° to 780 "C for 2 hours under 
protecting gas atmosphere or in vacuo, is too soft and 

‘its consistency causes several problems when cutting 
iron cores of complicated shape and design. Namely, in 
the cutting process the soft band suffers deformation, 
the cut edge becomes burred and deformed, conse 
quently several difficulties arise upon niounting the cut 
cores as well as upon winding. At the same time, due 
to the deformation, the magnetic properties of the 
product decline to a considerable extent. 

In order to eliminate the above disadvantages. the 
unalloyed electrotechnical steel bands are marketed by 
the producers in cold-rolled, hard state as a so-called 
“semi?nished” product. Cores of appropriate design, 
constituting the stators and anchors of electric motors 
are cut in the motor-producing plant from these semi 
finished bands rolled to their ?nal thickness but not 
subjected to heat treatment, and the cores are generally 
subjected to heat treatment after mounting. In order to 
achieve the desired magnetic properties, heat treat 
ment is carried out at high temperatures, under pro 
tecting gas atmosphere for avoiding scale formation. 
The main disadvantage of this method is that the pro 

duction of the the starting material of extreme purity is 
far more expensive than that of the unalloyed steel 
bands of usual quality. Most of the difficulties arise 
from securing low (maximum 0.02 to 0.03 percent) 
carbon content. With several users further difficulties 
may arise due to the fact that in order to ensure the de 
sired magnetic properties, products already cut to size 
should be subjected to the final heat treatment, and 
electric motor-producing plants generally do not pos 
sess a heat-treating furnace working at the appropriate 
temperature and equipped with protecting-gas source. 

lt is also known that the undesirable carbon content 
of steel can be reduced not only in liquid state during 
the steel production, but also in solid state. Several pro 
cesses are known for reducing the carbon content of 
steel in solid state (so-called decarbonization pro 
cesses). The simplest of the known processes is the so 
called “black-annealing” which is, in fact, a special 
heat treatment. According to this known process, prior 
to cold-rolling, the hot-rolled, scaled .(unpickled) steel 
band is subjected to heat treatment in the presence of 

' air at a temperature above 700 °C, preferably at 800 
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1.0 mm.) required for further application. This latter _ 
step is carried out usually as follows: the sheet is cold 
rolled to a thickness higher than the ?nal value by 
about 4 to 12 percent, thereafter the steel is annealed 
and rolled to the final size by the so-called “critical 
cold treatment.” 

In order to achieve the required magnetic properties, 
the steel is to be annealed at the ?nal dimensions. The 

65 

°C. Under these conditions the carbon content of the 
steel is oxidized by the oxide content of the superficial 
oxide layer (scale). 
A disadvantage of this process is that decarboni 

zation is time-consuming and - under industrial condi- . 

tions - it requires about 24 to 96 hours. Moreover, dur 
ing the long heat treatment, the surface layer of the me 
tallic iron substance takes up oxide inclusions to differ 
ent depths due to internal oxidation. 
According to another known decarbonization pro 

cess, by which mainly cold-rolled electrotechnical 
steel-silicon alloys used for producing transformer-and 
dynamo bands are prepared, the entire surface of the 
cold-rolled band at the final dimension and/or at an in 
termediate dimension of appropriate thickness is ex 
posed to ‘the action of a decarbonizing protecting gas 
(e.g. of moist hydrogen-nitrogen mixture) which does 
not oxidize the steel‘at a temperature of 750° to 960 °C. 
Under these conditions the thin bands are rapidly 
decarbonized. A disadvantage of this process is, how 
‘ever, that in order to ensure an effective decarboni 
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zation, the total surface'of the band should be exposed 
to the action of the protecting gas; accordingly, for this 
process expensive furnaces of pullover system and of 
continuous operation, having relatively high operating 
costs, are needed. Consequently, the costs of this pro 
cess increase the price of the unalloyed electrotechni 
cal bands to an unacceptable degree. 
This invention aims at a process which enables the - 

reduction of the carbon content of unalloyed semi 
?nished (intermediate) steel products in conventional 
equipment and thereby renders possible the production 
of unalloyed electrotechnical steel bands and sheets of 
good quality and favourable magnetic properties. 
This invention is based on the recognition that the 

time required for the decarbonizing heat treatment 
(“black annealing") of the intermediate steel products 
covered with scale can be considerably reduced and at 
the same time, the formation of oxide inclusions due to 
internal oxidation can also be avoided, if a deposit con 
sisting of certian metal hydroxides and/or carbonates is 
formed on the surface of‘ the intermediate products 
prior to heat treatment. 
The invention is further based on the discovery that 

the time required for the above decarbonizing heat 
treatment can further be reduced and the quality of the 
obtained intermediate product can further be improved 
by introducing air or an inert gas of high dew point into 
the furnace during the heat treatment. 

Finally, this invention is based on the discovery that 
the mechanical and magnetic properties of the product 
can be improved by carrying out the final heat treat 
ment of the product, cold-rolled to its final dimensions, 
in a two-stage process, wherein the temperature of the 
second stage is higher than that of the first one. Under 
these conditions unalloyed electrotechnical steel bands 
and sheets of high quality can be prepared even from 
unalloyed steels suitable only for general purposes. 
On the basis of above, the invention relates to a pro 

cess for the production of steel products, preferably of 
bands and sheets, of improved magnetic and mechani 
cal properties, wherein the hot-formed product is pick 
led, transformed to its final dimensions in cold state, 
subjected to a final heat treatment, and optionally, 
prior to pickling, the product covered with scale is sub 
jected to heat treatment at a temperature between 700 
OC and 950 °C, characterized in that prior to the heat 
treatment carried out at 700° to 950 °C, a layer of an’ 
alkali metal hydroxide and/or alkaline earth metal hy 
droxide and/or carbonate and/or of aluminium hydrox 
ide is deposited on the surface of the product covered 
with scales, and/or the final heat treatment is carried 
out in two steps, wherein the first step of heat treatment 
is conducted at'350° to 600 °C, preferably at 460° to 
490 °C, and the second step of heat treatment is con 
ducted at 600° to 780 °C, preferably at 680° to 760 °C. 
According to a preferred embodiment of the inven 

tion, during the heat treatment of the product covered 
with scale, air or a protecting gas of a dew point above 
+20 °C, preferably above 50 °C, is introduced into the 
furnace. 
The hydroxide or carbonate layer is preferably de 

posited by immersing the product covered with scale 
into a solution or suspension containing the appropri 
ate hydroxide and/or carbonate. According to another 
method of coating, the solution or suspension is blasted 
onto the surface of the product to be treated. In the 
case of rolled bands, the solution or suspension can ad 
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4 
vantageously be deposited by blasting during the wind 
ing process. . - 

The most important advantages of the process ac 
cording to the invention are the following: 

a. The rate and the efficiency of decarbonization can 
be increased by the process to a considerable extent. 
Thereby the carbon content of a steel band can be de 
creased to 0.0l percent or less from an initial value of 
0.08 to 0.10 percent, without overloading the heat 
treating capacity. Accordingly, unalloyed, hot-rolled 
steel bands of conventional composition, prepared in a 
usual way‘ for general use (as structural steel), can be 
employed as starting materials for the production of 
unalloyed electrotechnical steel bands of high quality. 

b. It- renders possible the use of unalloyed, hot-rolled 
steel bands prepared for general purposes and contain 
ing the usual impurities for the preparation of electro 
technical steel bands. 

c'. It requires no special equipment and can be carried 
out, with no additional costs, in heat-treating furnaces, 
e.g., in bell-furnaces practically available in all of the 
rolling mills. 

d. According to the invention, conventionally pro 
duced 'steels of usual purity grade can be used for the 
preparation of unalloyed electrotechnical steel bands. 
Moreover, if steels of higher purity grade, prepared by 
more careful methods, are processed according to the 
invention, the magnetic properties of the end-product 
can be improvedto a considerable extent. 

e. Due to the excellent mechanical properties of the 
product prepared according to the invention, the per 
fect cutting of core sheets of complicated design be 
comes possible, .andthe magnetic properties of the 
product hardly decline in the cutting process, so the 
subsequent heat treatment under protecting gas, which 
generally causes difficulties at the motor-producing 
plants, can be omitted. 
The process according to the invention is further il 

lustrated by the aid of the following Examples. 

EXAMPLE I 

A sample ofa 2 mm. thick, hot-rolled steel band cov 
ered with hot-rolling scale, prepared for the production 
of general structural steel, containing 0.08 % ofC, 0.36 
% of Mn, 0.02 % of Si, 0.027 % ofS and 0.010 % of P 
as impurities, is covered with a Ca(Ol-l)2 layer by im~ 
mersing the sample in lime milk. After the deposit has 
dried, the sample is heated at 800 °C for 4 hours in a 
laboratory scale muffle furnace which is electric resis 
tance heated. The heat treatment reduces the carbon 
content of the sample to 0.007 percent. 
A sample of the same band covered also with hot 

~ rolling scale is subjected to heat treatment under the 
same conditions but it is not covered by lime milk de 
posit. The heat treatment reduces the carbon content 
only to 0.039 percent. 

EXAMPLE 2 

A sample of the same band as used in Example I, 
covered with hot-rolling scale, is immersed in a solution 
containing 120 g./l. of NaOH and 100 g./l. of Al. When 
the deposit has dried, the band is subjected to heat 
treatment under the same conditions as described in 
Example 1. The heat treatment reduces the carbon 
content of the sample to 0.009 percent. 
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EXAMPLE 3 

A sample ofa 2 mm. thick band of the same composi 
tion as described in Example I and having a‘ hot-rolling 
scale deposit of at least 20 m/u. thickness, is covered 
with lime milk as described in Example 1. After the de 
posit has dried, the sample is heated for 4 hours at 800 
°C under a vacuum of 10‘, mmHg. The heat treatment 
reduces the carbon content of the sample to 0.002 per 
cent. 

Example 4 

A band roll of 2 mm. thickness, having the same com 
position as described in Example l, is covered with a 
Ca(OH)2 layer without removing the hot-rolling scale, 
by immersing the loosened band roll several times in a 
lime-milk solution. 
After drying, the coated band roll is treated at 800 °C 

in a bell furnace, ensuring that all the parts of the insert 
should be heated at 800 °C for at least 3 hours. During 
this treatment air of a dew point of +50 °C is blasted 
under the bell. After the heat treatment the heating bell 
is removed and the rolls are rapidly cooled. The cooling 
rate is not critical, but as far as the subsequent special 
final heat treatment is concerned, the relatively rapid 
cooling is more advantageous. 
Thereafter the rolls are pickled in a 15 to 20 percent 

sulphuric acid solution in a conventional manner, and 
are cold-rolled in several passes to a final thickness of 
0.70 mm., in a usual way. (If a band of other final thick 
ness is required, the product can be rolled to the appro 
priate dimension, e.g., to a thickness of 0.5 mm., 0.65 
mm., 0.85 mm. or 1.00 mm.). 
The band rolled to its final size is subjected to heat 

treatment in a gas of usual composition (e.g. l6 ‘71 of 
H2, 10 ‘7r of CO2, 10 ‘7: of CO, the rest N2) at 475 °C. 
All parts of the band should be kept at this temperature 
for 2 hours. Thereafter the insert is heated to 690 °C 
and kept at this temperature until all parts of the band 
roll have been exposed to 690 °C for 0.5 hours. 
After this treatment an easily cuttable band of 0.70 

mm. thickness is obtained. The iron loss (V10) amounts 
to 4.3 W/kg. The B25 induction value of the band (an 
induction measured at a field strength of 25 Oe) is 1.67 
tesla. 

EXAMPLE 5 

The starting material is a hot-rolled band having the 
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same composition as described in Example l. This 
band is treated essentially in the same way as described 
in Example/1 with the difference that the heat treat 
ment is carried out in two steps. Accordingly, the band 
of 2 mm. thickness is first cold-rolled, in several passes, 
to a thickness of 0.77 mm., the obtained band is an 

nealed in the usual manner at 720 °C. and the annealed 
band is cold-rolled in a single pass to the final thickness 
of0.70 mm. The obtained band is subjected to the two 
stage final heat treatment as described in Example 4. 
The heat-treated band has an iron loss (Vm) of 3.7 
W/kg., and an induction (B25) of I68 tesla. 
The thus-obtained band is slightly less cuttable than 

the band obtained by the process of Example 4. 

EXAMPLE 6 

A hot-rolled band of 2 mm. thickness, containing 
0.31 % of Si, 0.52 % of Mn, 0.06 ‘70 of C, 0.007 ‘72 of 
S and 0.011 % of P as impurities is treated in the way 
as described in Example 4. The obtained band of a final 
thickness of 0.70 mm. becomes readily cuttable after 
heat treatment. The iron loss (V10) is 3.3 W/kg., and 
the induction (B25) amounts to 1.64 tesla. 
What we claim is: 
l. A process for the production of unalloyed electro 

technical steel strip of improved magnetic and mechan 
ical properties, consisting of hot rolling low carbon 
steel having not more that 0.10 percent carbon to pro 
duce hot-rolled strip covered with hot-rolling scale. 
then covering said scale with a layer of a member se 
lected from the group consisting of alkali metal hydrox 
ide, alkaline earth metal hydroxide, alkaline earth 
metal carbonate, aluminum hydroxide and a mixture 
thereof, then heating the strip with covered scale to 
700° to 950°C. for a time sufficient to reduce the car 
bon content to not more than 0.01 percent, then pick 
ling and cold rolling to its final gauge the decarburized 
strip, and thereafter heating the strip in a first stage to 
350° to 600°C. for about 2 hours and in a second stage 
to 600° to 780°C. for about 0.5 hour. 

2. A process as claimed in claim 1, in which saidfirst 
stage temperature is 460° to 490°C. and said second 
stage temperature is 680° to 760°C. 
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