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4 Claims. (C. 148-11) 
This invention relates to magnetic material and in par 

ticular to the process of producing electrical steel strip 
from silicon steel. 
Many different processes have heretofore been devel 

oped for the production of silicon steel in strip form to 
provide the different grades of silicon steel for electrical 
apparatus based on specified or anticipated core loss 
values, such silicon steels having a silicon content of 
from 0.25% to 3.50% and in some cases as high as 
4.5%. One of the well-known processes is that common 
ly referred to as the Freeland process which consists 
essentially of hot rolling the steel to a thickness between 
0.060 and 0.125 inch, descaling, cold rolling to a pre 
determined thickness greater than the final gauge, nor 
malizing at a temperature of about 1725 F. in a dry 
gas atmosphere having a dew point of less than --60 F. 
to strain relieve the strip, temper rolling to final gauge 
and then normalizing at a temperature of about 1500 
F. in a gas atmosphere having a dew point in excess of 
--60 F. to effect decarburizing and induce grain growth. 
Another well-known process of producing strip from 

sheets is that disclosed in the Jackson et al. Patent No. 
2,582,382 in which hot rolled silicon steel sheets having 
scale thereon are welded into coil form after which the 
strip thus formed is normalized in a reducing gas atmos 
phere at a temperature of 1400 F. to 1725 F. or 1900 
F. to 2150 F. to decarburize the steel and reduce the 
mill scale thereon thus eliminating a pickling step. 
The process of the Jackson et al. Patent No. 2,358,788 

is also well known and has been used to good advantage 
in some instances, although such process has a disad 
vantage. This process utilizes a box annealing heat treat 
ment. However, in the box annealing cycle the mecha 
nism of decarburization is such that the oxygen in the 
scale combines with the carbon which migrates to the 
surface of the steel and the scale is partially reduced to 
pure iron rendering it very difficult to pickle even though 
the technique of scale breaking is employed. In this 
process as well as in the process taught by Patent No. 
2,582,382 it is necessary to have the scale present on 
the strip during the normalizing or annealing treatment 
in order to effect decarburization. 

In commercial practice it is desirable to simplify the 
number of treatments applied in producing electrical steel 
strip to more efficiently produce such strip while enhanc 
ing the magnetic characteristics thereof. It is also high 
ly desirable that the treatments applied be of a continu 
ous nature instead of by the batch processing so that 
such processing can be integrated in modern steel mill 
practice and eliminate the necessity of a number of han 
dlings which often inflict damage to the Strip. 
An object of this invention is to provide a simplified 

process of producing silicon steel strip having a low car 
bon content and good magnetic characteristics. 

Another object of this invention is to provide a process 
in which scale-free cold rolled silicon steel strip is con 
tinuously heat treated to reduce the carbon content, re 
crystallize the steel, enhance the grain growth and main 
tain scale-free surfaces whereby electrical steel strip hav 
ing good magnetic characteristics is produced. 
A more specific object of this invention is to provide, 

in the process of producing cold rolled silicon steel strip, 
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for subjecting the strip of final gauge to a controlled 
progressive heat treatment in a zone controlled furnace 
having a protective gas atmosphere for successively de 
creasing the carbon content to below 0.013%, effecting 
recrystallization and grain growth and maintain a scale 
free surface on the strip, the treated strip having en 
hanced magnetic characteristics. 

Other objects of this invention will become apparent 
from the following description when taken in conjunction 
with the accompanying claims. 

In practicing the present invention, the steel can be 
melted by ordinary commercial open-hearth or electric 
furnace practice and preferably has a composition within 
the range set forth in Table I. . . . . . . . 

Table I 
(Composition (percent by weight) 

Silicon--------------------------. 0.25% to 4.5%. 
Manganese----------------------- 0.10% to 0.40%. 
Aluminum----------------------- Trace to 0.80%. 
Phosphorus----------------------- 0.05% max. 
Sulfur--------------------------- 0.03% max. 
Carbon-------------------------- 0.07% max. 
Iron----------------------------- Ball.1 

Includes usual traces of impurities. 

It will be appreciated that with recent developments 
in the steel-making art it is sometimes possible to pro 
duce silicon steel with as low as .015% carbon therein. 
However, presently used commercial practices yield a 
product having a carbon content in the range between 
0.02% and 0.07%. In all cases the amount of decar 
burization effected by the use of the process of this in 
vention will be sufficient to decarburize the steel to sub 
stantially below 0.013% and preferably below 0.009%. 
The ingot having a composition within the range given 

is first reduced to a strip by hot rolling to an intermediate 
gauge of between 0.06 and 0.125 inch after which it is 
Subjected to any suitable pickling or descaling treatment 
to remove the scale therefrom. The descaled strip is then 
side trimmed, after which it is cold rolled to a final gauge 
of between 0.014 and 0.031 inch. 

In accordance with this invention, the descaled and 
cold rolled strip of final gauge is then subjected to a con 
trolled heat treatment consisting of a continuous nor 
malizing to effectively and progressively reduce the car 
bon content of the steel to below 0.013%, effect a recrys 
tallization and grain growth and maintain scale-free sur 
faces on the strip. Such treatment is applied through the 
use of a temperature Zoned annealing furnace, the con 
struction of which is well known to those skilled in the 
art, the strip being passed continuously therethrough at a 
predetermined rate while being suitably supported therein 
and being admitted at the lower temperature zone of 
the furnace, the heat treatment being applied in the pres 
ence of a protective gas atmosphere having a controlled 
dew point. 

In practicing this invention, the temperature zoned fur 
nace preferably is provided with a plurality of prede 
termined temperature zones ranging from a temperature 
of not less than 1400 F. progressively up to a tempera 
ture zone of between 1725 F. and 2150° F. and pref 
erably between 1800 F. and 2150 F. with one of the 
intermediate temperature zones having a temperature 
preferably in the range of 1525 F. to 1650 F. to effec 
tively introduce a temperature of between about 1400° F. 
and 1600 F. in the strip as the strip passes therethrough. 
As illustrative of different progressive temperature zones 
which have been successfully utilized in practicing this 
invention reference may be had to Table II. . . . . . . 



Table. II 

Temperature in the different; zones (F.) 

EXAMPLE 1. 

Time in Each Zone (Seconds) 
Frac 

i Zone oF. tional 014 0.85 .025 
Temp. Part of - 

Furnace 
4.0 Min. 5.0 Min. 6.0 Min. 
(240 Sec.) (300 Sec.) (360 Sec.) 

1,525 0676 14.8 18.5 22.2 
1,525 .0647 5.5 19.4 23.3 
1,525 .0588 14.1 17.6 21.2 
1,525 .0918 21.9 27 4 32.8 
1,600 18824 21.2 26.4 3.8 
1,650 ,0918 21.9 27.4 32.8 
1,800 0918 2.9 27.4 32,8 
1,800 08824 21.2 26.4 38 
1,800 .0918 21.9 27.4 32.8 
1,800 098 ... 21.9 27.4 32.8 
1,800 .08824 2.2 26.4 31.8 
1,800 .09412 22.5 28.2 33.9 

EXAMPLE 2 

1, 525 .08796 21.1 26.4 3,7 
1,525 .0648 15.6 19.4 23.3 
1,525 .343 32.2 40.3 48.3 
1,650 435 . 34.4. 43.1 51.7 
1,800 435 34.4 43.0 5.7 
1,800 ... 1435 34.4 43. 5.7 
1,800 1435 . 34.4 43.0 51.7 
1,800 ... 389 33.4 41.7 50.0 

Example 1 illustrates the distribution of the temperature 
in a furnace 340 feet long, whereas Example 2 illustrates 
the temperature distribution in a furnace 216 feet long. 
The temperature of the different zones can be readily con 
trolled by known methods, and as will be appreciated the 
different zones can be of different length, depending upon 
the time it is desired to subject the strip to the different 
temperatures and treatment to be described, it being 
understood that the strip is advanced throughout the fur 
nace at a uniform rate. In practice, the cold rolled strip 
having a thickness in the range between about 0.014 and 
0.031 inch is usually passed through the zoned furnace 
so that the strip is subjected to the various temperatures 
for various periods of time ranging between 3.5 and 8 
minutes, depending upon the thickness. It has been 
found that regardless of the length of the furnace, opti 
mum results are obtained where the strip is heat treated 
in the furnace for a total time of between 3.5 and 8 
minutes, depending upon the thickness as the thickness 
increases from .014 to .031 inch, and that regardless of 
the length of the furnace, it must be provided with a low 
temperature zone comprising between 38% and 49% 
of the total length of the furnace. 
From Table II it will be appreciated that the low tem 

perature zone portion is of different length from that of 
the high temperature zone portion in each of the fur 
naces. In addition, it is also seen that each of the tem 
perature zones within each of the high temperature Zone 
and low temperature zone portions of the furnace may 
also be of different length. However, it has been found 
to be necessary to maintain the low temperature Zone 
portion of a sufficient length to extend a distance com 
prising between 38% and 49% of the total length of the 
furnace. In Example 1 of Table II it is seen that the 
low temperature zone comprises about 45.7% of the total 
length of the furnace, whereas in Example 2, the low 
temperature zone comprises about 42.3% of the length 
of the furnace. However, if the length of the low tem 
perature zone of the furnace becomes less than 38%, in 
sufficient decarburization is accomplished, whereas, if 
the length of the low temperature Zone of the furnace is 
greater than 49% of the total length of the furnace, the 
strip material is subjected to the high temperature treat 
ment for an insufficient period to effect complete recrys 
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4. 
tallization and grain growth so that, in either case, the 
resulting material will possess poor magnetic characteris 
tics. It is at once seen that the length of the furnace is 
immaterial so long as the requisite temperatures and 
times are maintained within the respective portions of the 
furnace. In this same vein, the rate of feed of the strip 
through the furnace is also immaterial so long as the 
strip is subject to the requisite temperatures as set forth 
hereinbefore for a time period of between 3.5 and 8 
minutes, depending upon the thickness of the strip and 
the furnace is provided with a low temperature zone of 
between 1400° F. and 1650 F., said low temperature 
zone comprising between 38% and 49% of the total 
length of the furnace. In the examples set forth in 
Table II, the rate at which the strip passes through the 
furnace is between about 0.5 and 2.0 feet per minute 
per inch of strip thickness. 
Of interest also is the fact that the material in its pas 

sage through the furnace remains for different times in 
each of the individual zones of the low and high tem 
perature zones. This, of course, follows since the strip 
passes through the furnace at a uniform rate and the 
length of the zones is different. It is sufficient that the 
steel remain in the low temperature zone of the furnace 
to induce a temperature in the strip within the range be 
tween 1400 and 1600 F. for a time period of between 
about 1.3 minutes and 3.9 minutes to effectively decarbur 
ize the steel, and within the high temperature zone for 
a period of between 2.2 and 4.1 minutes to complete 
the process of recrystallization and grain growth. Table 
II clearly illustrates the time period any segment of a 
steel strip remains within the respective zone of the fur 
nace. Thus, in Example 2, steel having a thickness of 
0.014 inch required 4.0 minutes to travel 216 feet, where 
as steel having a thickness of 0.025 inch requires 6.0 
minutes in the same furnace. In Example 1, the furnace 
is 340 feet long, yet the strip having a thickness of 0.014 
inch requires 4.0 minutes for its passage therethrough 
and the strip 0.025 inch in thickness requires 6.0 min 
utes. It is thus apparent that the process of this inven 
tion is independent of the furnace length, but the rate 
of travel of the strip through the furnace is dependent 
upon the furnace length. Subjecting the silicon steel 
strip to the temperatures indicated and for a time period 
indicated is effective for continuously decarburizing the 
steel and completing the process of recrystallization and 
grain growth, and, most important, maintaining the strip 
in a scale-free condition. 
As the strip passes through the zoned furnace it is 

completely enveloped by protective gas atmosphere hav 
ing a controlled composition and dew point. Protective 
gases, such as dissociated ammonia containing 75% hy 
drogen and 25% nitrogen, forming gas containing 15%. 
hydrogen and 85% nitrogen, cracked natural gas having 
an air to gas ratio of no less than 5% to 1 and line hydro 
gen as well as mixtures of dissociated ammonia and 
cracked natural gas, forming gas and cracked natural 
gas and line hydrogen and cracked natural gas have been 
successfully used in this process so long as the dew point 
and the hydrogen concentration thereof are controlled 
as will be next described. 

In admitting the gas atmosphere to the furnace the 
dew point of the gas is preferably maintained at less 
than --60 F. and usually has a dew point in the neigh 
borhood of -40° F. to --45 F. The gas is supplied 
at a sufficiently high rate to completely fill the succes 
sive zones and to maintain a positive pressure in the 
different zones of the furnace to prevent any infiltration 
of atmospheric air therein. In the furnace utilized in 
the commercial adaptation of this invention a sustained 
flow of from about 8,000 to about 11,000 cubic feet per 
hour to the furnace has been found to give satisfactory 
results. The gas is admitted to the furnace near the 
end at which the strip emerges, that is, the high tempera 

  

  



3,021,287 
5 

ture Zone of the furnace. The gas usually enters the 
furnace perpendicular to the direction of travel of the 
strip and completely fills the furnace, the gas being dis 
sipated at both the entrance and the exit end of the 
furnace with respect to the strip travel. This gas is 
ignited and continuously burns throughout the process 
of the invention. 

Normally, the gas as admitted to the high temperature 
zone of the furnace has a dew point of less than --60 
F. and will not react with the silicon steel strip in such 
zone where the temperature is in excess of 1650 F. to 
effect the formation of scale thereon with the result that 
a scale-free surface is maintained on the strip as it 
emerges from the furnace. It is believed that with the 
use of dissociated ammonia, forming gas or line hydrogen 
without the addition of any cracked natural gas thereto 
or other gas or air to the furnace atmosphere, there is 
a reaction which takes place which immediately raises 
the dew point to greater than --60 F. and in some 
cases to greater than 100 F. at the high temperature 
zone in the furnace. Normally a gas atmosphere having 
such a high dew point in the presence of hot steel would 
react to form iron oxide on the surface of the steel strip. 
It has been found, however, that with the gases specified 
hereinbefore, the hydrogen concentration is sufficiently 
great that a reaction takes place to reduce the iron oxide 
of the scale thus formed to iron and thereby form water 
vapor. While the reason for the formation of water 
vapor to effectively increase the dew point of the gas to 
greater than --60 F. where the gas is admitted to the 
furnace is not completely understood, it has been ob 
served that when the gas atmosphere is ignited to burn 
at each end of the furnace water vapor is formed which 
somehow diffuses into the ends of the furnace and is car 
ried therethrough. This phenomenon is most readily 
apparent at the gas exit end of the furnace, that is, the end 
of the furnace into which the strip enters which is the 
lower temperature zone of the furnace. 
As was stated hereinbefore, while the gas enters per 

pendicular to the direction of movement of the strip, 
the gas is forced by the construction of the strip exit end 
of the furnace to flow countercurrent to the direction of 
the movement of the strip and only sufficient gas escapes 
at the strip exit end of the furnace to maintain a posi 
tive pressure within the furnace. Where the burning of 
the gas at the ends of the furnace is sufficient to increase 
the dew point to greater than --60 F. it has been found 
that a hydrogen concentration in excess of about 12% 
hydrogen by volume is necessary to reduce any scale thus 
formed, thus maintaining a relatively clean Surface on 
the strip. Where an atmosphere of cracked natural gas 
is utilized as the furnace atmosphere, other reactions 
take place, to be more fully described hereinafter, in 
addition to the phenomenon of increasing the dew point 
through the burning of the gas at the ends of the furnace 
which also adds to the effective dew point of the furnace 
atmosphere. In any event, the hydrogen concentration 
is always maintained at greater than 12% with the result 
that a relatively clean surface is maintained on the strip 
as it emerges from the furnace. In some instances, it 
has been observed that a relatively thin, adherent, hard 
ly detectable film of oxides, as distinguished from readily 
detectable scale, is present on the surface of the strip 
which is not detrimental to the ultimate use of the steel 
but instead enhances the punchability characteristics and 
provides an insulating medium. 
Where cracked natural gas having an air to gas ratio 

of at least 5.5 to 1 is used as the furnace atmosphere, it 
has been found that as the gas flows through the Zones 
of the furnace there is a reaction between the hydrogen 
and the carbon dioxide which is effective for increasing 
the dew point of the protective gas atmosphere to greater 
than H-60 F. to thereby effectively decarburize the sili 
con steel and reduce the carbon content substantially in 
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all cases to a value below 0.009%. While the precise 
mechanism by which the protective gas atmosphere reacts 
in the presence of hot steel to form water vapor to thereby 
increase the dew point has been postulated by different 
investigators, it is believed that the hydrogen reacts with 
the carbon dioxide to form water and carbon monox 
ide. This reaction also takes place where the furnace 
atmosphere is comprised of mixtures of cracked natural 
gas and other protective atmospheres such as dissociated 
ammonia as has been described. As illustrative of the 
gas compositions and dew points obtained in practicing 
this invention with a furnace atmosphere of cracked 
natural gas having an air to gas ratio of at least 5.5 to 1 
and a dew point of less than --60 F. as admitted to 
the furnace, reference may be had to Table III record 
ing data as measured at the various temperatures in differ 
ent zones of a twelve-zone furnace. 

Table III 20 

30 
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75 

Temper- CO2 CO Dew 
ature (Percent) (Percent). Point, 
(PF.) or. 

Zone 

It is apparent from the foregoing table that with the 
use of a cracked natural gas atmosphere as the gas flows 
from the hot end, that is, Zone 11, having a temperature 
of about 1800 F., the gas has a dew point of about 51 
F. and a gas composition including among other gases 
5.8% carbon dioxide and 9.4% carbon monoxide. As 
the gas approaches the lower temperature zone of the 
furnace, that is, the end of the furnace into which the 
steel strip enters, the temperature being about 1500 F., 
the gas has an increased dew point of --80 F. and a 
composition of 2.6% carbon dioxide and 13.4% carbon 
monoxide. It is thus apparent from the decrease in the 
percentage of carbon dioxide and the increase in the car 
bon monoxide with a corresponding increase in dew 
point of the gas that the reaction has taken place where 
by the hydrogen has probably reduced the carbon dioxide 
to form carbon monoxide and water. The effective in 
crease in the dew point to greater than --60 F. in con 
junction with the low temperature of the steel, that is, 
between 1400 F. and 1600 F., makes it possible for 
effectively decarburizing the steel. This is true irrespec 
tive of the fact that there is an increase in the carbon 
monoxide concentration, a well-known carburizing agent, 
as a component of the furnace atmosphere. While the 
chemistry for the different protective gas atmospheres used 
may vary somewhat from the chemistry set forth above, 
all of the protective gas atmospheres used produce the 
same results, that is, in the highest temperature zone of 
the furnace if there is any reaction resulting from an 
increased dew point of greater than --60 F. with the 
resulting formation of scale on the surface of the strip, 
Such scale is reduced in the presence of the hydrogen 
containing gas atmosphere where the hydrogen concentra 
tion is greater than 12% by volume with the result that 
the strip emerges from the furnace having a scale-free 
condition. With the increase in the dew point and in 
particular in the lower temperature zone of the furnace, a 
reaction takes place between the carbon contained in the 
silicon steel strip and the water vapor carried by the gas 
to effectively decarburize the silicon steel strip to a car 
bon content of less than 0.013% and preferably less than 
0.009%. This is also found to be true in cases where 
the gas is burned at the open ends of the furnace and the 
furnace atmosphere is devoid of cracked natural gas or 
atmospheric air. 

in order to more clearly demonstrate the effectiveness of 

  



7 
the process of this invention reference may be had to 
Table IV which illustrates the effect of the heat treatment 
outlined hereinbefore on the carbon content of the strip, it 
being noted that various gas atmospheres are used. 

Table IV 

EFFECT ON CARBON 
A. Atmosphere: Cracked natural gas 6.5 ratio air to gas 

Dew point entry -40°F, 
Dew point exit 80° F. 
Heativo. 5330 

Percent carbon start-------------------0.026 
Percent carbon finish- ---0.008 0, 005 
Percerat carbon finish.---- --0, 006 (0, 006 
Percent carbon finish (,008 0.006 
Percent carbon finish 0.006 0.006 
Percent carbon finish .009 0, 006 
Percent carbon finish 0.005 0.007 Aye, 0.0065 

B. Atmosphere: Cracked NHss (75% H--25% N) 
Dew point entry -40-45° F. 
Dew point exit --92 F. 
Heat No. 6892 

Percent carbon start 0.050 
Percent carbon finish- 0.0056 
Percent carbon finish 0.0054 Ave. O.0055 

C. Atmosphere: Forming gass (15% H2--85% N2) 
Dew point entry -40° F. 
Dew point exit --92 F. 
Heat No. 6892 

Percent carbon start--- 
Percent carbon finish 
Percent carbon finish 

----0.050 
0.008 0.005 
0.007 0.09 Awe, O.3072, 

As can be seen from the data recorded in subsection 
A of Table IV for heat 5330, heat treatment of coils of 
silicon steel strip in accordance with the process of this 
invention is effective for decreasing the carbon content 
from 0.026% to an average of about 0.0065% for the 
twelve coils tested when a furnace atmosphere of cracked 
natural gas having an air to gas ratio of 6.5 to 1 is used. 
It is to be noted that the dew point has been increased 
from --40 F. where the gas was introduced into the 
high temperature zone of the furnace to --80 F. where 
the gas was discharged from the furnace. Thus from 
the data recorded in subsection A it is apparent that the 
process of this invention is highly effective for decarbur 
izing the steel in an atmosphere of cracked natural gas. 

Referring now to subsection B of Table IV, it is seen 
that the process of this invention is also effective for de 
carburizing the steel when an atmosphere of pure cracked 
ammonia having a dew point between -40 F. and 
- 45 F. is used as the furnace atmosphere. Thus it is 
clearly seen that steel from heat 6892 having a carbon 
content of about 0.050% prior to heat treatment is ef 
fectively decarburized to a carbon content of 0.005% 
after heat treatment, it being noted that the dew point 
of the gas has risen from about -45 F. to about --92 
F. This gas was ignited and burned in the air atmosphere 
as it escaped from each end of the furnace. Substan 
tially similar results were obtained as recorded in sub 
section C of Table IV when the steel from the same heat 
was heat treated by the process of this invention using 
an atmosphere of pure forming gas, that is, about 15% 
hydrogen and about 85% nitrogen, the entry dew point 
being -40° F. and the exit dew point being --92 F. 
The process, when using forming gas, is effective for de 
creasing the carbon content from 0.050% to about an 
average of 0.0072%. Thus it is apparent from the exam 
ples given that different protective gas atmospheres hav 
ing at least 12% hydrogen by volume are effective for 
substantially decarburizing the steel when the dew point 
of the gas in the low temperature zone of the furnace is 
in excess of --60 F. 
A heat treatment providing for mere decarburization 

without an increase in the magnetic characteristics would 
be of little value where the steel is to be used for electri 
cal purposes. Therefore, in order to show the beneficial 
effect upon the magnetic characteristics of the heat treat 
ment of the process of this invention, reference may be 
had to Table V which illustrates the effect of the heat 
treatment of this invention previously described on the 
magnetic characteristics of different silicon iron alloy 
steels. . . . 

3,021,287 

O 

15 

20 

30 

35 

40 

50 

60 

70 

5. 

Table V 
MAGNETIC CHARACTERISTICS 

Heat No. Atmosphere Watts per b. G. 
10,000 B. 

1:17 i. 14 
1.3 i. 14 

5330------ Cracked Natural Gas air/Gas=6.5/1...} : By 
1.18 1.23 
1, 14 1, 20 

Ave. 1, 15 

Forming Gas (H-15%; N-85%)..... 8 9: 
6892------ Ave.1.04 

Cracked Ammonia (EI-75%; N- { .08 1.10 
25%). ,09 1.15 

.09 Ave. 

Each of the coils from the various heats was given the 
standard Epstein Test in which half of the samples of 
the steel of the test specimen were cut in the direction of 
rolling and half of the samples of the steel were cut 
perpendicular to the direction of rolling, the samples mak 
ing up the test specimen being in the "as-cut" condition. 
From the data recorded in Table V it is seen that for 
heat 5330, a commercial heat having an initial analysis 
of about 0.025% carbon, about 0.28% manganese, about 
0.008% phosphorus, about 0.018% sulfur, about 0.28% 
aluminum, about 2.9% silicon and the balance iron with 
incidental impurities, this steel had an average watt loss 
of 1.15 watts per pound when measured at 10,000 B. 
It is thus apparent that the process of this invention is 
effective for producing superior magnetic characteristics 
in the steel. This is readily substantiated when it is con 
sidered that for this grade of steel of this particular gauge 
the accepted watt loss is 1.30 watts per pound when meas 
ured at 10,000 B. When the steel of heat 6892, also a 
commercial heat of steel having an analysis of about 
0.050% carbon, about 0.36% manganese, about 0.010% 
phosphorus, about 0.025% sulfur, about 0.24% alumi 
num, about 2.83% silicon and the balance iron with in 
cidental impurities, was heat treated in accordance with 
the process of this invention using forming gas in one 
instance and cracked ammonia in the other, the steei 
had an average watt loss of 1.04 watts per pound for 
four tests and an average watt loss of 1.09 watts per 
pound for four tests, respectively. This is well within 
the limits of experimental error and clearly illustrates the 
outstanding advantage of the use of the process of this 
invention. This is especially borne out when it is con 
sidered that the currently accepted value for these steels 
of the same gauge is 1.30 watts per pound when meas 
ured at 10,000 B. 
As a further illustration of the commercial success and 

the effectiveness of the process of this invention, a num 
ber of coils of M-36 grade silicon steel having an analysis. 
of up to 0.07% carbon, between 0.20% and 0.40% man 
ganese, up to 0.05% phosphorus, up to 0.04% sulfur, 
between 1.0% and 2.0% silicon, up to 0.40% aluminum 
and the balance iron with incidental impurities, having a 
24 gauge thickness were made and tested using various 
atmospheres according to the process of this invention. 
Of the 662 coils tested, 656 coils had a watt loss of less 
than 1.7 watts per pound, and the average watt loss for 
the 662 coils was 1.39 watts per pound. The currently 
acceptable watt loss of 24 gauge steel when measured at 
10,000 B. is 1.7 watts per pound. Similar results were 
also obtained on 26 gauge steel. Of the 1170 coils of 26 
gauge steel which were tested, all but 84 coils had a Watt 
loss of less than 1.35 watts per pound, the currently ac 
ceptable watt loss for 26 gauge being 1.35 watts per pound 
measured at 10,000 B.. Thus it is apparent, that the. 
process is effective for producing siliconsteel on a com: 
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mercial scale, said steel having superior magnetic char 
acteristics. 
From the foregoing it is apparent that the process of 

this invention is effective for producing a superior quality 
of electrical steel. This is amply demonstrated by the 
fact that the steel has been effectively decarburized and 
in the same heat treatment has been subjected to grain 
growth, all of which are necessary for improved magnetic 
characteristics. As clearly demonstrated by the data set 
forth in Table V, the process is effective for producing 
superior magnetic characteristics through the use of a 
single cold rolling and a single heat treatment operation. 
It is to be noted that while it is preferred to utilize a high 

10 

temperature treatment of 1800 F. to 2150 F., the proc 
ess of this invention is also especially effective where the 
high temperature treatment is in the somewhat lower level 
of 1725 F. to 1900°F. as evidenced by the results given 
hereinbefore where the high temperature treatment is at 
1800 F. The combination of the continuous heat treat 
ment including a high temperature treatment of only 
1725 F. to 1900 F. makes it possible to effect economies 
in the process and equipment used while producing ex 
cellent results as described. 

This is a continuation-in-part of application Serial 
Number 640,063, filed February 14, 1957, now aban 
doned. 

I claim: 
1. In the method of producing electrical steel strip 

from silicon steel having a silicon content of between 
0.25% and 4.5% and a carbon content of up to 0.07% 
characterized in that a continuous heat treatment opera 
tion utilizing a single atmosphere is effective for decarbu 
rizing, recrystallizing, developing a large grain size and 
improving the magnetic characteristics of the steel, the 
steps comprising, hot rolling the silicon steel to a strip 
having a thickness of between 0.060 and 0.125 inch, de 
scaling, cold rolling the descaled hot rolled strip to a 
final thickness of between 0.014 and 0.031 inch, and nor 
malizing the steel, the normalizing heat treatment being 
effected by passing the scale-free cold rolled strip through 
a continuous furnace in a time period ranging between 
3.5 and 8 minutes, said furnace having two contiguous tem 
perature zones and a common atmosphere, in which the 
temperature zones in said furnace progressively increase 
in temperature from not less than 1400 F. up to a high 
temperature zone of between 1725 F. and 2150 F. in 
predetermined increments, the furnace having a low tem 
perature zone of between 1400 F. and 1650 F. and com 
prising between about 38% to about 49% of the total 
length of the furnace, admitting a controlled atmosphere 
of a hydrogen-containing protective gas atmosphere hav 
ing a dew point of less than --60 F. adjacent the strip 
exit end of the high temperature zone of the furnace to 
flow throughout the furnace countercurrent to the direc 
tion of movement of the strip therethrough, said atmos 
phere being common to both the high temperature zone 
and the low temperature zone of the furnace, the furnace 
atmosphere having a minimum of 12% hydrogen by vol 
ume and reacting at least in the low temperature zone 
of the furnace to provide a dew point in excess of --60 
F. therein, the furnace atmosphere having a dew point in 
excess of --60 F. cooperating with the carbon of the 
strip in the low temperature zone of the furnace to effec 
tively decrease the carbon content of the strip in the low 
temperature zone of the furnace to produce a final strip 
at the exit end of the furnace having a carbon content of 
below 0.013%, the hydrogen content of the protective 
gas atmosphere cooperating with the strip in the high 
temperature zone of the furnace to maintain a scale-free 
surface thereon. 

2. In the method of producing electrical steel strip 
from silicon steel having a silicon content of between 
0.25% and 4.5% and a carbon content of up to 0.07% 
characterized in that a continuous heat treatment opera 
tion utilizing a single atmosphere is effective for decar 
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10 
burizing, recrystallizing, developing a large grain size and 
improving the magnetic characteristics of the steel, the 
steps comprising, hot rolling the silicon steel to a strip 
having a thickness of between 0.060 and 0.125 inch, de 
scaling, cold rolling the descaled hot rolled strip to a final 
thickness of between 0.014 and 0.031 inch and normaliz 
ing the steel, the normalizing heat treatment being effected 
by passing the scale-free cold rolled strip through a con 
tinuous furnace in a time period ranging between 3.5 and 
8 minutes, said furnace having two contiguous tempera 
ture zones and a common atmosphere in which the tem 
perature zones in said furnace progressively increase in 
temperature from not less than 1400 F. up to a high 
temperature zone of between 1725° F. and 2150° F. in 
predetermined increments, the furnace having a low tem 
perature zone of between 1400°F. and 1650 F. and com 
prising between about 38% to about 49% of the total 
length of the furnace, admitting a controlled protective 
atmosphere of cracked natural gas having an air to gas 
ratio of at least 5.5 to 1 and having a dew point of less 
than --60 F., adjacent the strip exit end of the high 
temperature zone of the furnace to flow throughout the 
furnace countercurrent to the direction of movement of 
the strip therethrough, said atmosphere being common to 
both the high temperature zone and the low temperature 
Zone of the furnace, the furnace atmosphere having a 
minimum of 12% hydrogen by volume and reacting at 
least in the low temperature zone of the furnace to pro 
vide a dew point in excess of --60 F. therein, the furnace 
atmosphere having a dew point in excess of --60 F. co 
operating with the carbon of the strip in the low tem 
perature zone of the furnace to effectively decrease the 
carbon content of the strip in the low temperature zone 
of the furnace to produce a final treated strip at the exit 
end of the furnace having a carbon content below 0.013%, 
the hydrogen content of the protective gas atmosphere 
cooperating with the strip in the high temperature zone 
of the furnace to maintain a scale-free surface thereon. 

3. In the method of producing electrical steel strip 
from silicon steel having a silicon content of between 
0.25% and 4.5% and a carbon content of up to 0.07% 
characterized in that a continuous heat treatment opera 
tion utilizing a single atmosphere is effective for decar 
burizing, recrystallizing, developing a large grain size 
and improving the magnetic characteristics of the steel, 
the steps comprising, hot rolling the silicon steel to a 
strip having a thickness of between 0.060 and 0.125 inch, 
descaling, cold rolling the descaled hot rolled strip to a 
final thickness of between 0.014 and 0.031 inch and nor 
malizing the steel, the normalizing heat treatment being 
effected by passing the scale-free cold rolled strip through 
a continuous furnace having a length within the range 
between 200 and 350 feet in a time period ranging be 
tween 3.5 and 8 minutes and at a rate ranging between 
0.5 and 2.0 feet per minute per inch of strip thickness, 
said furnace having two contiguous temperature zones 
and a common atmosphere, in which the temperature 
Zones in said furnace progressively increase in tempera 
ture from not less than 1400 F. up to a high tempera 
ture zone of between 1725 F. and 2150 F. in predeter 
mined increments, the furnace having a low temperature 
zone of between 1400 F. and 1650 F. and comprising 
between about 38% to about 49% of the total length of 
the furnace, admitting a controlled atmosphere of a hy 
drogen-containing protective gas atmosphere having a dew 
point of less than --60 F. adjacent the strip exit end of 
the high temperature zone of the furnace to flow through 
out the furnace countercurrent to the direction of move 
ment of the strip therethrough, said atmosphere being 
common to both the high temperature zone and the low 
temperature zone of the furnace, the furnace atmos 
phere having a minimum of 12% hydrogen by volume 
and reacting at least in the low temperature zone of the 
furnace to provide a dew point in excess of -60 F. 
therein, the furnace atmosphere having a dew point in 
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excess of --60 F. cooperating with the carbon of the 
strip in the low temperature zone of the furnace to effec 
tively decrease the carbon content of the strip in the low 
temperature zone of the furnace to produce a final treated 
strip at the exit end of the furnace having a carbon con 
tent of below 0.009%, the hydrogen content of the pro 
tecive gas atmosphere cooperating with the strip in the 
high temperature zone of the furnace to maintain a scale 
free surface thereon. 

4. In the method of producing electrical steel strip 
from silicon steel having a silicon content of between 
0.25% and 4.5% and a carbon content of up to 0.07% 
characterized in that a continuous heat treatment opera 
tion utilizing a single atmosphere is effective for decar 
burizing, recrystallizing, developing a large grain size 
and improving the magnetic characteristics of the steel, 
the steps comprising, hot rolling the silicon steel to a strip 
having a thickness of between 0.060 and 0.125 inch, de 

in p. lling the descaled hot rolled strip to a 
etween 0.014 and 0.031 inch and nor 

rrnalizing heat treatment being 
effected by passing the scale-free cold rolled strip through 
a continuous furnace in a time period ranging between 
3.5 and 8 minutes, said furnace having two contiguous 
temperature zones and a common atmosphere, in which 
the temperature zones in said furnace progressively in 
crease in temperature from not less-than 1400°F. up to 
a high temperature zone of between 1725 F. and 2150° 
F. in predetermined increments, the furnace having a 
low temperature zone of between 1400° F. and 1650° 
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F. and comprising between about 38% to about 49% of 
the total length of the furnace, admitting a controlled 
atmosphere of a hydrogen-containing protective gas at 
mosphere having a dew point of less than --60°F. ad 
jacent the strip exit end of the high temperature zone of 
the furnace to flow throughout the furnace countercur 
rent to the direction of movement of the strip there 
through, said atmosphere being common to both the high 
temperature zone and the low temperature zone of the 

10 furnace, the furnace atmosphere being supplied to the 
furnace at a rate of between 8,000 and 11,000 cubic 
feet per hour and having a minimum of 12% hydrogen 
by volume and reacting at-least in the low temperature 
zone of the furnace to provide a dew point in excess of 
--60 F, therein, the furnace atmosphere having a dew 
point in excess of +60°F. cooperating with the carbon 
of the strip in the low temperature zone of the furnace 
to effectively decrease the carbon content of the strip 
in the low temperature zone of the furnace to produce a 

20 
a carbon content of below 0.009%, the hydrogen con 
tent of the protective gas atmosphere cooperating with 

final treated strip at the exit end of the furnace having 

the strip in the high-temperature zone of the furnace to 
maintain a scale-free surface thereon. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Carpenter et al. -------- June 23, 1942 
Jackson --------------- Jan. 15, 1952 

2,287,467 
2,582,382 

  


