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This invention relates to Silicon Steel. More 
particularly it relates to a method of heat treat 
ing cold rolled Siiicon Steel Strip to enhance its 
magnetic qualtities. 

In the production of magnetic cold rolled Silicon 
Steel Strip a usual practice comprises cold rolling 
the material in one or more stages from a thick 
ness of about 0.10' to about 0.014' with inter 
vening heat treatinent followed by a decarburiz 
ing heat treatment and a final Single Stage tex 
ture developing and mechanical Strain relieving 
heat treatment at a temperature in exces of 1100 
C. The final structure consists of Well-Oriented, 
i. e. (i.10) 001, crystais mixed with more or less 
poorly oriented crystals. The ultimate goal in 
the various processings and heat treatment is to 
attain the maximum preferred (11G) 001 imag 
netic crystal orientation in the steel, thus en 
hancing its application and use in electro-mag 
netic products. 
An object of the present invention is to pro 

vide a method for further inproving the mag 
netic characteristics of cold rolled silicon Steel 
Strip. 
More specifically an object of the invention is to 

provide a two-stage final texture developing an 
neal which will improve the magnetic Orientation 
of the crystals in cold rolled Silicon Steel. 
Other cbjects will become apparent and the 

invention will be better understood from the fol- : 
lowing description, and the features of novelty 
Which characterize the invention will be pointed 
out in the claims annexed to and forming a part 
of this specification. 

It has been found that a material of Superior 
magnetic qualities can be obtained by Subject 
ing the silicon strip as it comes from the final 
cold rolling stage and after decarburization to a 
two part heat treatment which comprises holding 
it for a time at a temperature which encourages 
and permits the nucleation or first appearance of 
well oriented crystals and their growth at the 
expense of the Suitably prepared matrix and 
then holding at a temperature which Will per 
mit, the completion of growth of any well oriented : 
crystals which have not already attained maxi 
mum size to develop the maximum metal texture. 
More specifically it has been found that hold 

ing a cold rolled silicon steel strip containing 
ahout .5% to 4% silicon with low impurities after 
it comes from the final rolling and decarburizar 
tion stages at a temperature of about 850° C. to 
900° C. preferably in a reducing or non-oxidizing 
atmosphere for a period of time sufficient to per 
mit the nucleation or first appearance and pre 
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liminary growth of crystals of preferred magnetic 
orientation, and then holding it at a ternpera 
ture ranging from 900° C. to about 1200° C. pref 
erably in reducing atmosphere to permit the 
maximum growth of Such preferably oriented 
crystals which have not completed their growth 
and to develop the metal texture by bringing 
about the absorption of any remaining crystal 
lites resultS in a material having enhanced mag 
netic characteristics and freedom from mechan 
ical strain. The lower temperatures for the final 
treatinent normally take a longer time to a,c- 
complish the result than the higher temperatures. 

In accordance with prior practice the Silicon 
Steel strip is usually reduced to final thickneSS 
in one or more Stages Separated by heat treat 
ment normally at a temperature under 1000 C., 
followed by a decarburization treatment and a 
final Gne Stage anneal or heat treatment at a 
temperature of about 1175 C. to produce an im 
proved crystal orientation. In the present in 
vention there is employed a two-stage heat treat 
ment or anneal after the final cold rolling and 
decarburization stages by means of which bet 
ter magnetic qualities are achieved than in the 
prior one-stage final anneal. 

It has been found that the optimum tempera 
ture range for the nucleation. Or appearance and 
growth of crystals in most magnetic cold rolled 
Silicon Steels With from about 1.5 to 4% silicon 
and low impurities falls between about 850° C. 
to 900° C. With the optimum mean temperature 
at about 875° C. The 875° C. temperature is 
Somewhat above the temperature of nucleation or 
first appearance of well oriented, i. e. (110) I001), 
crystals which usually occurs at about 850° C., 
but the rate of growth at such a low temperature 
is too slow from the practical viewpoint. At 875 
C. the growth of well oriented crystals is rapid 
enough to give complete crystal growth in from 
about 4 to 24 hours depending upon the Specific 
steel composition. It has also been noted that 
at 875 C. the nucleation and growth of Well 
oriented crystals is still definitely favored as 
against the formation and growth of poorly ori 
ented crystals, a condition which still exists 
in a comparative Sense at 900 C. However, at 
about 925 C. the poorly oriented crystals' growth 
has increased to the point where the percentage 
of crystals with preferred orientation and mag 
netic quality has proportionately decreased. The 
purpose of the present invention is to obtain a 
growth of the maximum number of favorably 
oriented crystals without encouraging the 
growth of such numbers of poor magnetic crystals 
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as will detract appreciably from the overall mag 
netic improvement. This result can be obtained 
by a heat treatment between 850° C. and 900 C. 
for the above material with the optimum tem 
perature at about 875° C. The material should 
be maintained at the 850° C. to 900° C. tempera 
ture until the great majority or at least 75% of 
the fine-grained matrix has been absorbed by 
(110) 001 crystals which condition will usually 
occur within about 4 to 24 hours depending upon 
the particular steel being treated. 

After a preponderant number of well oriented 
Crystals have been produced in the strip, it is 
Subjected to higher temperatures to complete 
the maximum growth of any crystals which have 
not already attained maximum size, to absorb 
any remaining Small crystallites to make the 
large well oriented crystals more perfect, and to 
relieve Strain. The temperature may be varied 
rather widely from about 900° C. to about 1175° C. 
depending upOn Such factors as the length of 
time economically available and desirable for 
treatment, the temperature attainable with full 
naces on hand, the problem of laminations stick 
ing together, and other considerations. Heat, 
treatment at temperature slightly below 1000° C., 
realizable at low cost in many furnaces, Will ob 
viate the Sticking together of stacked lamina 
tions without special treatment and Will assure 
any desired cornpletion of crystal growth, per. : : 
fection of the texture of the strip or absorption 
of any renaining crystallites and the relief of 
most mechanical Strains in from about one to 
eight hours depending upon the constitients in 
the steel. However, the best temperature for the 
Second Step of the heat treatment, one which will 
afford any necessary further crystal growth, per 
fection of the well oriented crystals as well as 
complete relief of mechanical strain in a very 
Short period or up to about one hour is a tem 
perature of about 1175° C. 

In actual practice it is preferred to start With 
a high quality open hearth silicon steel strip 
0.10 inch thick containing from 1.5%-4% silicon. 
The manganese-Sulfur ratio is preferably be 
tWeen 2:1 and 4:1 with manganese not over 
0.06% and Sulfur not over 0.025%. The material 
is Cold rolled from 0.10 inch to about 0.014 inch 
in two stages the last cold reduction being of 
the order of 50% with a 925° C. continuous anneal 

4. 
are hydrogen, nitrogen, helium and various par 
tially combusted or cracked gases. 
The final texture perfecting stage for prefer 

ably oriented crystals and the relief of me 
5 chanical strain is carried out at temperatures 

ranging from 900° C. to about 1200° C. depend 
ing upon the factors mentioned heretofore. Any 
neceSSary completion of crystal growth will like 
Wise occur in this stage. For the above material 
holding at a temperature of 980° C. for eight 
hours Will afford maximum crystal growth and 
absorption of Small crystallites and relieve most 
Strains. On the other hand, holding at 1175° C. 
for about one hour will give maximum crystal 
Size if growth has not already been completed 
in the first stage, perfect the texture and re 
lieve all mechanical strain. 
The two stage heat treatment according to 

the present invention may be carried on con 
tinuously in one cycle or the material may be 
cooled in the usual manner after the first part 
and the final part resumed at any convenient 
time. 
Employing the present two-part final anneal 

for a cold rolled silicon steel strip of the com 
position described above, as compared with the 
prior practice, there have been obtained the re 
Sults set forth in the magnetization data below. 
The first Set of figures is for steel with a final 
Single anneal at 1175° C. for several hours, fol 
lowed by data for a two part anneal first at 
875 C. for about 8 hours followed by heating at 
980 C. for about eight hours which is not com 
pletely effective in eliminating all mechanical 

2 : strain. The last set of results is for steel of the 
Sane Composition which has been held at 875o C. 
for about 8 hours followed by treatment at 
1175 C. for about one hour. 
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GO 2500 5000 10000 15000 17050 
----- --- 

Prior Method 
45 (Several hrs. 

at 1175° C.). .035 .06S .094 170 .96 
Present. Meth 
8. .25° C.-- 30° C. 05 ,074 098 73 ... 8 5. 

875° C -- 1750 5.0 
- - - - - - - - . . . . . C25 .07 (84. .03 40 4. 

50 " - - - - - - - - - - - - - - 
Bpeak = 15,500 

Residual C Hysteresi Wattsf Lb. eSlcula, OerClve ySteresis Anneal Hpeak Br Hc Ergsfeofcyc. 
12500B. 15000 B 15500 B 

Meth 9. Prior Method.---- 1150 C. 1.42 12950 093 550 . 449 67 733 
Present Method.------ 875--980 1.15 13560 .00 640 . 468 685 #38 

D0--------------- 875-1175 0.70 4500 , 0.65 260 . 420 . 66 . G68 
- 

interposed between the two stages. Carbon From the above it will be seen the magnetic 
which in the ladle stage should be less than 0.93% 
is reduced to 0.005% or under by a continuous 
heat treatinent at about 300° C. 
The final rollied and decarburized product is 

heat tireated preferably in a reducing (or non 
(oxidizing) atmosphere at a temperature of from 
853 C. to 900 C. with a preferable mean teii. 
perature of 875 C. for from about 4 hours to 24. 
houl's, or utii at least about 75% cf the fine 
grained nati'i. has been algoried idy the yell 
Oriented Crystals. In the case of the preferred 
Steel this Will occur in about 3 hours. Gases 
Which Will afford a reducing or non-oxidizing at 
mosphere Suitable for this stage of the treatment 

Gualities of cold rolled silicon steel strip are de 
Veloped by a two stage final anneal attempera 
tures of 875° C. and 980° C. to essentially the same 
degree and more cheaply than with a single 
ii. 5 C. anneal. On the other hand heat treat 
ment after the finai cold rolling stage for about 8 
hours at 875 C. followed by a one hour treatment 
at 1175 C. gives definitely better results as con 
cerns values of H for varying B where B-H; --- 

lower hysteresis loSS and a substantial reduction 
in Watt losses per pound. 
Wiiat we claiian as new and desire to secure by 

Letters Patent of the United States is: 
1. The method of heat treating cold rolled sili 
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con steel strip containing 1.5 to 4% silicon which 
has been decarburized at about 800 C. which 
method comprises holding the Strip in a temper 
ature range of from 850° to 900° C. which en 
courages the nucleation or first appearance and 
growth of (110) 0011 crystals until at least 75% 
of the fine grained matrix has been absorbed by 
the growth of such crystals followed by heat 
treatment at a higher temperature of from 900 
to 1200° C. which will permit further growth of 
the (110) 001) crystals and perfection of the 
texture of said cold rolled Strip and relieve me 
chanical Strain. 

2. The method of heat treating cold rolled 
silicon steel strip containing 1.5 to 4% silicon 
which comprises decarburizing said cold rolled 
strip at about 800° C. holding the strip at a tem 
perature of from 850° C. to 900° C. in a non-ox 
idizing atmosphere for from about four to about 
twenty-four hours and thereafter subjecting the 
strip to a heat treatment at a higher tempera 
ture between 900° C. and about 1000° C. in a re 
ducing atmosphere for from about one to eight 
hourS. 

3. The method of heat treating cold rolled 
silicon steel strip containing 1.5 to 4% silicon 
material which comprises decarburizing Said 
steel at about 800° C. and thereafter holding the 
material at a temperature of about 875° C. for 
about four to twenty-four hours in a non-OX 
idizing atmosphere followed by heat treatment 
at a temperature of about 980 C. in a reducing 
atmosphere for about one to eight hours. 

4. The method of heat treating cold rolled 
silicon steel strip containing 1.5 to 4% Silicon 
which comprises decarburizing the Strip at 
800° C. and thereafter Subjecting the Strip to 
a temperature of from 850° C. to 900° C. in a 
non-oxidizing atmosphere for from four to about 
twenty-four hours followed by treatment in a 
reducing atmosphere at a higher temperature 
of from 900 C. to 1000 C. for from about one 
to eight hours. 

5. The method of heat treating cold rolled 
silicon steel strip containing from about 1.5-4% 
Silicon which has been cold reduced from about 
0.10 inch to about 0.014 inch in two stages sep 
arated by a continuous anneal at about 925° C. 
the final cold reduction being of, the order of 
50%; which comprises decarburizing said strip 
at 800° C. and thereafter holding the final rolled 
and decarburized material at a temperature of 
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from about 850° C. to about 900° C. in a non 
oxidizing atmosphere for from about four to 
about twenty-four hours followed by a heat 
treatment in a reducing atmosphere at a higher 
temperature of from about 900° C. to 1200° C. 
for from about one to eight hours. 

6. The method of heat treating cold rolled sili 
con Steel Strip containing from about 1.5%-4% 
silicon which has been cold reduced from about 
0.10 inch to about 0.014 inch in two stages sepa 
rated by a continuous anneal at about 925 C. 
the final cold reduction being of the order of 
50%; which comprises decarburizing the cold 
rolled strip material at 800° C. and thereafter 
holding the final rolled and decarbonized mate 
rial at a temperature of from about 850° C. to 
about 900° C. in a non-oxidizing atmosphere for 
from about 4 to about 24 hours followed by a 
heat treatment in a reducing atmosphere at a 
lhigher temperature of from about 900° C. to 
about 1000° C. for from about one hour to about 
8 hours. 

7. The method of heat treating cold rolled sili 
con Steel strip containing from about 1.5%-4% 
Silicon which has been cold reduced from about 
0.10 inch to about 0.014 inch in two stages sepa 
rated by a continuous anneal at about 925 C. 
the final cold reduction being of the order of 
50%; which comprises decarburizing the cold 
rolled strip material at 800° C. and thereafter 
holding the final rolled and decarbonized mate 
rial at a temperature of from about 850° C. to 
about 900 C. in a non-oxidizing atmosphere for 
from about 4 to about 24 hours followed by a 
heat treatment in a reducing atmosphere at 
about 1175° C. for about one hour. 
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